IEC/TS 60076-14:2009(E)

IEC

(J
®

IEC/TS 60076-14

TECHNICAL

Edition 2.0 2009-05

SPECIFICATION

Power transformers —
Parj
higl

ng



https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

THIS PUBLICATION IS COPYRIGHT PROTECTED
Copyright © 2009 IEC, Geneva, Switzerland

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by
any means, electronic or mechanical, including photocopying and microfilm, without permission in writing from either IEC or
IEC's member National Committee in the country of the requester.

If you have any questions about IEC copyright or have an enquiry about obtaining additional rights to this publication,
please contact the address below or your local IEC member National Committee for further information.

Droits de reproduction réservés. Sauf indication contraire, aucune partie de cette publication ne peut étre reproduite
ni utilisée sous quelque forme que ce soit et par aucun procédé, électronique ou mécanique, y compris la photocopie
et les microfilms, sans I'accord écrit de la CEl ou du Comité national de la CEIl du pays du demandeur.

Siv . - E . - . . 3 . cette
publication, utilisez les coordonnées ci-aprés ou contactez le Comité national de la CEI de votre pay; résidence.

IEC [Lentral Office
3, rup de Varembé
CH-1211 Geneva 20
Switgerland

Emajl: inmail@iec.ch
Web} www.iec.ch

N\
Abouyt IEC publications

The teghnical content of IEC publications is kept under constant review
latest edition, a corrigenda or an amendment might have been publi

C. ase\ma ure that you hgve the

= Catgdlogue of IEC publications: www.iec.ch/searchpub
The IE[C on-line Catalogue enables you to search by a variety gf citeri e wmber, text, technical committge,...).
It alsogives information on projects, withdrawn and‘xeplaced

" |EC [Just Published: www.iec.ch/online_news/j
Stay up to date on all new IEC publications. Just Ptblish O i A1l new publications released. Available
on-lingd and also by email.

" Eledtropedia: www.electropedia.org
The world's leading online dictionary of electronic ntaining more than 20 000 terms and definitions
in Endlish and French, with equjvaleqnt terprs— \diti &s. Also known as the International Electrote¢hnical
Vocabllary online.

® Cusfomer Service Centre:
If you |wish to give us your 5 L eed further assistance, please visit the Customer $ervice
Centrgd FAQ or contacms:
Email:|csc@iec.ch

Tel.: +41 22 919 02 1

Fax: +f1 22 919 03 00



mailto:inmail@iec.ch
http://www.iec.ch/
http://www.iec.ch/searchpub
http://www.iec.ch/online_news/justpub
http://www.electropedia.org/
http://www.iec.ch/webstore/custserv
mailto:csc@iec.ch
https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

IEC IEC/TS 60076-14

®

TECHNICAL
SPECIFICATION

Edition 2.0 2009-05

Power transformers —
Pari
hig

ng

INTERNATIONAL

ELECTROTECHNICAL

COMMISSION PRICE CODE X
ICS 29.180 ISBN 978-2-88910-042-2

® Registered trademark of the International Electrotechnical Commission


https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

—2- TS 60076-14 © IEC:2009(E)

CONTENTS
FOREWORD ...ccuiii ittt ettt et e e et e e e e e et et e e e e e e e e e e e e e e e e e et eerenns 5
INTRODUGCTION ...t et e ettt et et et et e e e e e et e et e et e eaaeennes 7
L T o7 o o 1= TP 9
2 NOMMAtIVE FEIEIENCES .. .ot e 9
3 Terms and definitions ... 10
4 InSUlation Materials ... e 12
+——6Ceprererrrrm e .12
4.2 Ageing and lifetime of insulation materials 12
4.3 Solidinsulation..........coooiiiii e AN R ...15
4.4  Wire enamel insulation ...........cooooiii e NN e N D LN A7
4.5 Insulating liquids ......oooiiii e e N A N NS AT
5 Ipsulation systems.......cooviiiiiiii e S N O NG D e ...20
1 General..ooooiiiiii e NN NN ...20
8.2  Insulation system types ... N\ et N e e e ...20
5.2.1 Homogeneous high-temperature ingulation ...20
5.2.2 Hybrid insulation system.......... .20
5.2.3 Semi-hybrid insulatigr\system .22
5.2.4 Mixed insulation system..\,.D .23
6 Temperature limits................cocoeeees, VTN .24
Transformer accessories and compatibjti
1.1 General.......... NG o i Nene e
7.2 BUShINGS .ot G N e NN e
1.3 Tap-change
1.4 Gaske i
1.5 Tank Qﬁ
7.6 Coolers \$
1.7  Pumps{...\.>
7.8
1.9
7.1
71.11
71.12 Protective r
71.13 (Auxiliary cables
8 Ypecial design considerations
8.1
8.2  DieleCtriC reqUIrEMENTS. ... 29
8.3  Temperature reqUIremMeENtS ... i e 29
8.4 OVEIIOAA ..ot e 30
8.5 Effects of harmonic currents ... ... 31
8.6 Liquid preservation SysStem . ... 31
9 Required informMation ... ... 31
9.1 Information to be provided by the purchaser...............coooiiiii i 31
9.1.1  Ambient temperatures and loading cycCle ..o 31
9.1.2  HarmoniC CUMMENTS ... 31

9.1.3 Other unusual service coNditioNS ..........ooiiiiiii e, 31


https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

TS 60076-14 © IEC:2009(E) -3-

9.2 Information to be provided by the manufacturer...............coi 32
9.2.1 Thermal characteristiCs ........oiuiiiii e 32
9.2.2 Reference temperature .........coouiiiiiii 32
0.2.3  GUAMAN B S et 32
10 Rating plate and additional information ... 32
10.1 Rating and warning plates ..o 32
10.1.1 RaAtiNg Plate oo 32
10.1.2 Warning Plate ... 32
10.2 Transformer ManUal ... ... e e 32
R | X5 3o ...33
P11 GeNETaAl oo B PP N ...33
11.2 Requirements for routine, type and special tests ................. s TN ...33
11.2.1 General .ooocoviiiiiiiiiiiieeee e S N e NG D .}...33
11.2.2 Routine tests ... N NGNS N ...33
11.2.3 Type teStS i N e e IO e e s NG e eenes ...33
11.2.4 Special tests....cooiiiiiiii e K D O NS e e e e N ernernenneennas ...33
11.3 Temperature-rise test ... NN N N, ...33
11.3.1 General ..ooooviiiiiiiiiiiiiiiee e N AR N e ...33
11.3.2 Evaluation of temperature-rise .33
11.4 Dielectric type tests........... ... ...36
12 Supervision, diagnostics, and main .36
12.1 General......cooooviiiiiiiii N ...36
12.2 Transformers filled with mineral iQSTating Ol .. 2. .cvivieii e, ...36
12.3 Transformers fided\wi : insulating liquids............coooeeeiiin, ...36
Annex A (informative) ation temperature ..., 37
Annex B (informative) efspective ransformer temperatures from Tables 4 and 5....|...42
Biblig ...43
Figun 14
Figun .21
Figun .22
Figun .23
Figun .30
Figun .35
Figun .38
Figure /A2 —Moisture equilibrium curves for cellulose and mineral Oll.......... o icioiaaaenaennenns 39
Figure A.3 — Logarithmic moisture equilibrium curves for cellulose and mineral oil................ 40
Figure A.4 — Water content of paper versus bubble evolution temperature for
parameters taken from the example ... 41
Table 1 — Typical properties of solid insulation materials ... 16
Table 2 — Typical enamels for wire insulation...............cooiiiiii e, 17
Table 3 — Typical performance characteristics of unused insulating liquids ........................... 19
Table 4 — Temperature limits for transformers with mineral oil or alternative liquid
operated at 60 K top liquid temperature risSe....... .o 25

Table 5 — Temperature limits for transformers with homogeneous high-temperature
INSU AL ON Sy S OIMIS L.t et 26


https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

Table B.1 — Comparison of theoretically possible transformer temperature rises

—4- TS 60076-14 © IEC:2009(E)

R

@C‘@



https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

TS 60076-14 © IEC:2009(E) -5-

INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

Part 14: Design and application of liquid-immersed power
transformers using high-temperature insulation materials
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C technical committees is to prepare International Standardp. In
exceptional circumstances, a technical committee may propose the publication of a technical

e the required support cannot be obtained for the publication of an International Standard,
despite repeated efforts, or

e the subject is still under technical development or where, for any other reason, there is the
future but no immediate possibility of an agreement on an International Standard.

Technical specifications are subject to review within three years of publication to decide
whether they can be transformed into International Standards.

IEC 60076-14, which is a technical specification, has been prepared by IEC technical
committee 14: Power transformers.
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This second edition cancels and replaces the first edition published in 2004. It is a technical

revision.

This edition includes the following significant technical changes with respect to the previous

edition:

e additional clarification added to the introduction;
e addition of an introduction to the ageing and lifetime of insulation materials;

e enhancement of insulation system descriptions;
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Full information on the voting for the approval of this teckhic
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INTRODUCTION

The average temperature rise in liquid-immersed transformer windings has for several tens of
years been limited to 65/70 K and the top oil temperature rise to 60 K, as specified in
IEC 60076-2.

Winding conductors in these transformers have historically been insulated with cellulosic
paper or enamel. Other solid insulation materials have also been cellulose-based products.
The insulation liquid has, for the most part been mineral insulating oil. These materials are
still dominant.

Conslequently, most of the accumulated experience of transformers in ice is basgd on
thesg insulation materials and these temperature limits. In some cagsgs, spase(or weight
limitgtions require the designer to reduce the transformer dimensions @ith' high perpture
rises|as a consequence. The application of insulation materials ( soli iquid) with

bettef ageing properties at elevated temperatures than the traditiogalN\o i 354ry in
orden to provide an acceptable life expectancy. High-temperg id\insulatibn materials
have| also occasionally been used only in certain par indi high
temppe

Recent temperature measurements by means of fib i ted that the hot-spot
tempg aih cases considgrably
higher. ing than expected.| The
meas i jlot-spots are situated and
wherg i

High{temperature insulation, from enamel-andape ap for conductors, to spacer and
mechjanical support materia er; distribution, mobile, locomotive and
rectiffer transformers. Clgss i e point greater than 300 °C are suitable for
temperatures higher than mineral msul ing 0|I and have been used for decades. Theif use

and range of applicatip

needp of special appl i
achigve lower §

The jpurpose of i Wical* specification is to begin the process of standardizing the
development of iquN arsed_transformers that use high-temperature insulation. As a

: many years, manufacturers have mgt the
transformers using high-temperature materials to
improved fire safety or increased life.

syst encompass a broad range of materials with varying degrees
of thgrmal capabili ins ing and cooling liquids also vary substantially from mineral oil
to anly ofa N class K liquids that also have a broad range of thermal capabillity.

The |liquid and solid\ insulation materials found in any standard type of modern lijquid-
immgrsed transforper compose an insulation system that has evolved and developed|over

s for
tion.

It should not therefore be surprising that much of the information is neither well developed nor
completely understood. However, it is important to establish and maintain a document that
provides a starting point for discussion between the manufacturer and the user. It is expected
that this technical specification would be updated regularly as development progresses.

This document is not intended to stand alone, but rather builds on the wealth of information
and guidelines documented in the 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 technical specification, except where
reference has value, or where repetition is considered appropriate for purposes of emphasis
or comparison.
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The second principle is that the usual liquid-immersed transformer, insulated with kraft paper,
pressboard, wood, mineral oil and many other commonly used materials operating at
established temperature limits, are well known and 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. Commonly
used solid and liquid insulations are also tabulated in a general way to allow easy comparison

of ty] ively
unfariliar materials.

This |technical specification addresses loading, overloading, testinghand agcessories ih the
samg manner. Only selected information for the “conventional” tr8 is Nacluded for

comgarison purposes or for emphasis. All other references are directed tg th€)appropriateé IEC

B
N
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POWER TRANSFORMERS -

Part 14: Design and application of liquid-immersed power
transformers using high-temperature insulation materials

1 Scope

This part of IEC 60076 provides specification, design, testing and loading j

by both the manufacturer and user of liquid-immersed power transforme

high-femperature insulation or combinations of high-temperature and cofie

It is gpplicable to:

—| power transformers designed in accordance with [IEC 600
—| convertor transformers designed to IEC 61378 serie
—| arc furnace transformers,

and govers the use of various liquid and solid ins

Whilgt standards for traction
comn
high-

guthority

ploying
insula

nformation fo(t use

ither
{ion.

of IEC technical

¢ as a guideline for the use of

The . indispenhsable for the application of this document.
For d iti ited applies. For undated references, the latest egdition
of thg referenced do }

IEC ¢

IEC ¢

IEC 6007F€ RQweNransformers — Part 3: Insulation levels, dielectric tests and exfernal

clear

IEC §0076-5, Power transformers — Part 5: Ability to withstand short-circuit

IEC 60076-7:2005, Power transtormers — Part 7. Loading guide for oil-immersed power

transformers

IEC 60085, Electrical insulation — Thermal evaluation and designation

IEC 60216-1, Electrical insulating materials — Properties of thermal endurance — Part 1:

Ageing procedures and evaluation of test results

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

transformers and switchgear

IEC 60317 (all parts), Specifications for particular types of winding wires
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IEC 60554-3 (all parts), Specification for cellulosic papers for electrical purposes — Part 3:
Specifications for individual materials

IEC 60641-3 (all parts), Pressboard and presspaper for electrical purposes — Part 3:
Specifications for individual materials

IEC 60674-3 (all parts), Plastic films for electrical purposes — Part 3: Specifications for
individual materials

IEC 60819-3 (all parts), Non-cellulosic papers for electrical purposes — Part 3: Specifications
for individual materials

IEC 60836, Specifications for unused silicone insulating liquids for electrg ses

IEC 60851-4, Winding wires — Test methods — Part 4: Chemical progerties

IEC ¢ matic
hydrd

IEC ¢ d on
thermosetting resins for electrical purposes — Part 3{ Sp s
IEC ¢

IEC ¢ e
IEC ¢ rods
base idual

mate
IEC 6

IEC ¢
and (¢

tions

ISO 1

ISO 2

3 Terms and definitions

For thepurposes of this—document, thefottowingterms—and—defimitions,aswettas—those of

IEC 60076-1 and IEC 60076-2 apply.

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

3.2

temperature index TI

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

[IEV 212-02-08, modified]
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3.3

halving interval HIC

numerical value of the temperature interval in degrees Celsius which expresses the halving of
the time to end-point taken at the temperature equal to Tl

[IEV 212-02-10, modified]

3.4

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 EHHETSTs appluplldlc

[IEC 60085, 3.11, modified]

3.5
convijentional

adjeqtive that refers to temperature rise limits and insulatio
consisting of mineral oil and non-thermally upgraded paper

app in sygtems

3.6
thermally upgraded paper (TUP)

cellulose-based paper which has been chemica
papef decomposes. Ageing effects are educe

e the rate at which the
ination of water foyming

agents (as in cyanoethylation) or by i i pf water through the uge of
stabilizing agents (as in amine additio i diamide): per is considered as thermally
upgraded if it meets the life criteria defired i ' .100; 50 % retention in tgnsile

strength after 65 000 hours in a s 110°C or any other time/temperpature
comBbination given by the egquation:

15000 15000
(6h+ 273) (110 + 273)

(1)

Beca
Kraft

g used today contain nitrogen, which is not present in
yodification is determined by testing for the amoynt of

nitrog . Typical values for nitrogen content of thermally
upgr % and 4 % when measured in accordance | with
AST

NOTE i iNHIQ s\apptoved by the IEEE Transformers Committee Task Force for the Definition of
Therm s

[[EC p0076-%,"3.

3.7
high-temperature

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

3.8

hybrid insulation system

high-temperature solid insulation material adjacent to all winding conductors either bare or
insulated (including all conductor insulation, spacers, strips and cylinders in direct contact
with the winding conductor) and cellulose-based materials in lower temperature areas where
thermal class 105 limits are met (see Figure 2)

3.9
semi-hybrid insulation system
high-temperature materials used only for conductor insulation (see Figure 3)
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3.10

mixed insulation system

high-temperature solid insulation material adjacent to the winding conductors located in the
hotter regions (including all conductor insulation and, if necessary, spacers, strips and
cylinders in contact with these conductors) and cellulose-based materials in the rest of the
winding and other lower temperature areas where thermal class 105 limits are met (see
Figure 4)

3.1

homogeneous insulation system

high-temperature insulation used in all areas exposed to temperatures higher than would be
suitapte forconventionat insufation Systlems togetner witn nign-temperatare msuilating Mgy id

3.12
reference temperature
20 °@¢ + rated mean winding temperature rise

4 Ipsulation materials

4.1 General

This plause lists many high-temperature ElectricalInsulatj i EIM) for informational
purpdses only. The appearance of ia imply that any spcific
combination is suitable for use in hig d transformer applications,
as ar Electrical Insulation System (EIS)

Comimnon solid materials currently availabl i e eters
and ¢haracteristics, which s 8 v that
design parameters speci ¢ i i turer
of the product. The insulation [ wire

enanjels and liquids.

Each| material sh d not
only [for thermal cap . ; f the
individual materig \ ati h the
systgdm might ren

4.2 Ageing and lifetime o

Material ag [ dlt of a process that splits the molecules of the insulation material
and ¢onseque ynges some material properties. This is an endothermic process, Which
mearjs that sufficteqt€nergy must be supplied to enable the atoms to split the moleculgs. In
transformers, this energy is provided mainly by the transformer losses. The more energy
supplied,/the faster the splitting rate. The energy takes the form of heat, which increases the
tempe : i T i ifetime.
Other factors than the temperature, such as the presence of acids, oxygen and/or water may
influence the lifetime. Assuming that these other factors are constant, the lifetime of insulation
material normally follows the equation:

b
L=axeT (2)

1 This sublcause presents the classic theory of ageing for a simple material. More detailed analyses of the
complex mechanisms of material ageing in a typical transformer may be found in the technical papers listed in
the Bibliography.
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where

L is the lifetime in hours;

a is a constant with the dimension hour;

e is the base of the natural logarithm (2,718...);
b is a constant with the dimension Kelvin;

T is the temperature in Kelvin.

Equation (2) is derived from Arrhenius’ equation. When taking the natural logarithm on both

sides of Equation (2), the result is:

In(L):In(a)+%

End ¢f life criterion must be defined prior to the thermal erldurangs

value .
insulating function of the material, and preferably a property tk
vital |properties of the material. il-i S
insulfition, the tensile strength of the P

as of

genefally considered to be end of life for 8

Durirjg the thermal endurs
tempgratures and the tinge t
valug of the absolute {
has g logarithmic scale

The dots in the @

regregssion line. A
confifms that th
Arrhgnius’ equat

(3)

1/T),

olute
r the
other

-gased

used
The
200

ifferent
igrocal

axis

s the
vhich
llows
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1000 000
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“\ —
S
N
10 000
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SN
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= o
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 HIC = 5 °C
100 T T T T \ <+ X

0,00255 00025 0,00245 0,0024 0,002 35
1T (1/K)

IEC 678/09

Lifetime in h (hours)

The X axis (1/T) is nor
graph.

tical line is

3 °C. This

er vertjcal tne\i Y om the point where the regression line crosses the 10 (
te, $i its the abscissa axis at a point corresponding to 148 °C

ng datervaNHICNs theh the difference between 148 and 143, which equals 5 °C.

time of 20 (somewhat more than 2 years) at the temperature index TI
as an acceptable lifetime. To obtain an acceptable lifetime the thg
assigned to the material must be chosen lower than TI. How much lower depeng

d side

00 h
ature

00 h
The

vould
ermal
is on

how

lond a lifetime the user of the material requires. The relation between lifetimg

and

temperature can be read from the extended regression line in the diagram or calculated by
means of the regression line equation at the upper right corner of the diagram.

If for example 20 years (175 200 h) lifetime is required, the thermal class should be 128 °C. If
30 years (262 800 h) lifetime is required, the thermal class should be 126 °C.

The thermal class is equal to the maximum service temperature that the user of the material
finds appropriate, taking into account the required lifetime of the transformer where the
material is going to be used. The loading pattern of the transformer and the real ambient
temperatures at the site where the transformer will be situated should also be considered. The
transformer may in many cases be loaded below its rated loading for long periods, which
would reduce the ageing rate and extend the lifetime.
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In some performed tests, the end of life has been defined to have occurred when 50 % of the
initial tensile strength is consumed. However, this limit, or any other defined limit for end of
life, should not be perceived too literally. A transformer may operate satisfactorily for many
years after the end of life according to this definition is reached. The decomposition of the
material happens gradually. There are no sharp limits. This defined end of life serves more as
a warning that the ability of the transformer to withstand stresses under abnormal service
conditions, like high short-circuit currents is essentially lower compared to a new transformer.
Also transport of the transformer from one site to another involves a higher risk.

4.3 Solid insulation

Solidr rious
shapgs for mechanical applications used within the d|eIectr|c structure. /Table 1 listsHmany
readily available materials, along with typical parameters. The table alsg i es(celldlose-
basefl products for comparison purposes. Note that this typical perfGrmance informatipn is
basefl on components tested individually as isolated samples in gir\Dielec{rickand\the¢rmal
performance as a system, when immersed in the selected in 9 quid_paly be

substantially different from the component values and with
imprggnation in a specific liquid.

It shguld also not be assumed that the system thermat<Ia \ arily default to the
lowest temperature class of the system’s individual . contrary, the thermal
capapility will often favour the highest temper . However, the indijidual
component thermal class should provj 4N CE e lectign and positioning of the
variols materials within the insulationcdesi

Based on the interpretation of test date i deyelopment of alternative fluids, if has
been| proposed that liquids with sighific igh ter saturation levels at opefnating
temperatures may allow higher operating t S prits for the solid insulation because of

their fability to remove the

9,
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4.4 Wire enamel insulation

The list in Table 2 shows a broad range of available insulating enamels used to coat both
round and rectangular copper and aluminium winding wires. Additional information may be
found in the specific applicable sections of the IEC 60317 series. Note that the appearance of
a coating in this list does not imply compatibility with any of the many available dielectric
liquids. Procedures for verifying compatibility with different liquids are defined in IEC 60851-4.

Table 2 — Typical enamels for wire insulation

Chemical name Thermal IEC 60317 Common Common name
class applicable acronym
part /\

Polyvinyl acetal 105 1, 14,17 PVF or PVA Polyvinyl fexrmal

120 12, 18 aN C\
Polyurethane 130 2,4 UEW olyuréthane \)

155 20, 35

180 51
Polyurethane with 130 19 UEWN lc} ovex polyurethane
polyamide overcoat 155 21
Polyester 130 34, 41, 45 PE Polyester

155 3, 16, 54 m

Polyester with 180 22, 24/<4> ??V\YT\ Nylon over polyester
polyamide overcoat /\ HPEWN) >
Polyesterimide 180 s\&z\%\ \ M Polyesterimide

Polyester
polyamideimide

Polyester polyamideimide

Amide-imide over
polyesterimide

Polyesterimide with
polyamideimide

overcoat I\

Polyesterimide wit Polyamide over
polyamide gVvercqat polyesterimide
Aromatic 206\/ 6 AIW Polyamideimide
polyamideimid/e\ \

Aromatic po&miﬁﬁ \{ /7,30 PIW Polyimide

20
( \T\ \f\ | ing\\gire insulations are not yet defined by IEC standards

he Yol
EW\ \\\ }95/ N/A Epoxy Epoxy
Po rywsb\\gme\ 155 N/A PPSU Polyphenylsulfone
PAES
Polyarylsul%ne\/ 180 N/A PAS Polyarylsulfone
f’o|yary|etheretherke 220 N/A PEEK Polyarylether-etherketong
ohe

NOTE Thermal class in air according to IEC 60317.

4.5 Insulating liquids

Table 3 shows typical performance characteristics of readily available dielectric liquids that
are used in liquid-immersed transformers. Mineral insulating oil, complying with IEC 60296 is
the most common liquid used in transformers and is generally the performance reference to
which all other liquids are compared. This liquid is also the reference for comparing high-
temperature performance.

IEC 61100 provides rules for classifying liquids according to fire point and calorific value. A
fire point greater than 300 °C, as determined according to ISO 2592, classifies the liquid as
class K. However, neither the flash point nor the fire point defines high-temperature capability.
Sludge development, affinity to moisture and rate of oxidation all affect the thermal capability
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of a liquid. The liquid manufacturer should be contacted to determine if a specific product is
suitable for use at higher temperatures than conventional mineral insulating oil, since it may
depend on certain additives that may not be present in all products in the same generic
category.

The maximum operating temperatures listed in Table 3 are provided only as a starting point
for further investigation, since there is no generally accepted procedure for establishing a
thermal index for insulating liquids. These temperatures are estimated or generally accepted
by the industry, but should not be taken as recommendations of this technical specification.

@%
S



https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

- 19 —

TS 60076-14 © IEC:2009(E)

1ad 1s8) dno paso|o suaue-Aysuad oyl o) Byipso

uaboJjlu Yyym JoWwIojsuel) Jo siaw.ioys

"pInbi| gu3 Jo swBYS|qRIdesdE

"ZH 09/0G O} paoualajal ale ejep 10joe} uole

dde Ajiwi| ainjesadwal pajewiise ayy ‘spinbij o1309|91p 9say) Jo saladol

ON) og}waxm sl yoiym ‘aunjesadwse) Buijeiado sjgepuswiwodssal wnwixey ay) o} |enbs s Ssejo [ewlay |

Hissip pue AlAaiwiad aAlje|ay

"UMOYs 8soy} uey) sanjea Jamo| sgAlb Ajjesauab yoiym ‘6122 OSI
palywJielap s| juiod ysejy ‘suswnoop Q| @81IWWod [eojuyosdl D3| U] "zesz 09l Jod 1sey dno uado puejaas|)

"lle Jo ssaibul ay) ajeulwi|d A|jenugssa 1ey) swaolsAs uonealesaid

Ayjigeys uonepixo ay) 0} ang

pInbi| 8y) yum payeA aq p
‘sywi| 8oueydedoe pue saie(

hoys juswnoop O]

| wv_:é s)lul] @oueldeooe pue saljiadoud |eoisAyd "pinbil yoes 1oy
oid [eoisAyd oiy10ads

‘gpinbij WBTAYIP AU} J0 uosledwod o) apinb |essusab e se Ajuo papirold 8l

“Jainjoeynuew
pejou piepuels DIJ| 8y} 0} Jajel
P 9|qe) SIy) Ul senjeA 8yl JLON

\ uoqJeoolpAy
v ybram
00l ¢ 710 8Ll - 100 . 5 (0% Zle 08¢ SGlL~ V/N Jejnosjow ybiy
0002 110 6 €¢ 020 : é o\o./ 09¢ oge q0€L~ V/N i8)s8 |einjeN
h.\ uoQqJeo0lpAy
00€ ¢ €L0 98 - 100 F_N\ﬁ €80 \/uom ¥9¢ 0€lL~ V/N ovd 2ieYuAs
‘spaepugls 93| Aq paulap 3aA jJou ale Aay) .WZW_EO_EQN 5?8%:\&&&*\. pesh ate spinbi] Buimojjo} dy3} ybnoylyy
005 L GL0 vl (04 100 L' 960 1 No@m\ 3 q GG~ 9€809 auodljis [Auyjewig
00l ¢ 910 8'G 14> 200 z'e 3&@\ Ao\m 0Lg \m\R q 0€L~ 66019 J9)s@ 2l}vYUAS
uoqgJleosolpAy
00l ¢ 710 Ly 100 1C €80 S omN\ omw ocL~ 19809 oneyuis
|'o
00l ¢ zLo €c Z'6 S0‘0 Z'c 880 S 0 Sy 7 S0l 96209 Bune|nsui jessuly
D, 001 3V | D, OF 3V
(9. BY/r) (w/m) (%) 2. 6¢
T AL T AL (s/,ww) J.6z3 (e, Auan| (woB) | (By/Bw) | (2.) (94) (93) a2ualayal
jeay KyAnonpuod K)1soosia p 10308y -yluaad | 9,6z 3e | jusjuod | jutod | | jNO .Sse[d piepuejls aweu
olyl1oadg lewayl oljewauny uonedissig| aanej@y | Aysuaqg 13)e M\ all4 ysej lewLiayl, L E]] EIPETIETS)

spinbi| Buie|nsul pasnun jo soIsii9)oeieyd aduewlopuad jeaidA] — ¢ ajqel



https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

- 20 - TS 60076-14 © IEC:2009(E)

5 Insulation systems

5.1 General

An insulation system used in electro-technical devices contains one or more solid materials
for insulating the conductive parts and a liquid, for both insulating conductive parts and for
heat transfer and cooling. These insulation materials must withstand electrical, mechanical,
chemical and thermal stresses for the expected life of the device. A procedure for evaluating
a combined solid and liquid insulation system may be found in IEC/TS 62332-1.

For thermal stresses, the capability of the insulation material is based on temperature-as the
domipating factor However, the temperature distribution, even in a conveqtionalgower

Corrgspondingly, the conductors and associated insulating maten \ i reach hot-
spot emperatures 10 °C - 20 C higher than the surroundmg ligiid. iming\ip$ulation

Sincg ageing and lifetime of the insulation system so strongly dgpenthon the temperature,
different combinations of insulating materials may bg i optimise the thermal
and |economical design of the transformer. i i ting materials| with
differient thermal classes leads to unconventiona . TY obtain optimum palue
in the use of these high-temperature msula i skes sense to match the
matefial capability to the appropriate &

Many systems could be identified basgd on the quultiple combinations of various|solid
insul@itions together with each liquid.\For(To i h purposes, four distinct catedgories
may pe defined in generalAsrms. i nd definition of these four categorjes is
not intended to restrict ot i Nbi 8. Additional common combinations may be

addefd as development in hj . yre_insulation systems proceeds. These catedories
also [do not include npinea f igh-temperature materials, even though all

conventional temper at C 60076-2 and IEC 60076-7 adequately ¢over
this type of tran )

5.2 Insulatio

5.21 fogene yh-temperature insulation system

Homoge | grature insulation systems consist of mainly high-temperature|solid
insul@tio { Qr aM insulation components and high-temperature insulating liquid.
Howgver, lo perature insulation may be used in selected low-temperature areag. For

exanlple, meehani upports outside the hot liquid stream.

Solid:« High-temperature in windings and at relevant locations

Liquid: High-temperature

Temperature limits: Higher than conventional for top liquid, average winding and winding
hot-spot

5.2.2 Hybrid insulation system

The hybrid insulation system generally uses mineral oil and high-temperature materials
throughout the transformer in the windings, but not necessarily every winding. For example a
specific winding may be insulated with conventional materials when it is designed to operate
at conventional temperatures.
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Typically the conductor insulation and the radial and axial spacers separating the coil
windings are high-temperature materials. Conventional cellulose-based insulation is used in
all other areas, such as cylinders and angle rings that operate at conventional temperatures.

Solid: High-temperature for all insulation in contact with hot conductors
Liquid: Mineral oil or any suitable insulating liquid with equal or higher thermal class

Temperature limits: Conventional for top liquid and higher than conventional for average
winding and winding hot-spot for some or all windings

NOTE| Exit leads may be insulated with conventional insulation provided they are degigmeqd for conventional

tempefatures.
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Key
1 high-temperature axial spacers against the winding
2 high-temperature radial spacers on top and below the winding

3 high-temperature radial spacers inside the winding
4 high-temperature conductor insulation

5 high-temperature axial spacers inside the winding forming axial cooling ducts

Figure 2 — lllustration of solid insulation in a hybrid insulation system
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5.2.3 Semi-hybrid insulation system

The semi-hybrid insulation system uses mineral oil and high-temperature materials only for
conductor insulation in windings operating above conventional temperatures. All other
materials are of conventional insulation. In layer type windings, the conductor insulation also
includes the layer to layer insulation.

Solid: High-temperature for conductor insulation only in some or all windings

Liquid: Mineral oil or any suitable insulating liquid with equal or higher thermal class

TemJ)erature limits: Conventional for top liquid and higher than conv al for, avaLrage
winding and winding hot-spot for some or all windings
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Key
4 high-temperature conductor insulation

Figure 3 — lllustration of solid insulation in a semi-hybrid insulation system
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5.24 Mixed insulation system

The mixed insulation system uses high-temperature insulation for certain components or parts
of windings, such as the conductors in regions at temperatures above conventional limits.
Examples of zones with extra losses and heat development could be:

— winding ends due to the radial component of the magnetic leakage field;

— zones of convertor transformer windings where harmonic currents might be
concentrated.

Due to higher temperature in the upper part of a winding or windings, for example the upper
quarter, this part may also contain high-temperature insulation. However, the majority. df the
solid| insulation materials as well as the insulating liquid used in t ansformer are
conventional.

Solid: High-temperature to protect against too high ageing rate i some

windings
Liquid: Mineral oil or any suitable insulating liquid with eqgal ©

Temperature limits: ¢ inch than
conventional for winding hot-spot for some or all windings

IEC 681/09

Key
2 high-temperature radial spacers on top of the winding
3 high-temperature radial spacers inside the winding

4 high-temperature conductor insulation in the hottest areas

Figure 4 — lllustration of solid insulation in a mixed insulation system
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6 Temperature limits

In most conventional transformers using cellulose-based insulation and mineral oil, the solid
insulation material determines the maximum operating temperature. When high-temperature
solid insulation materials are used with conventional liquid, the insulating liquid will generally
become the limiting factor and will determine the maximum temperature limits. Avoiding
overheating of the insulating liquid becomes the design focus, since the ageing that may take
place above a certain liquid temperature changes many properties of the insulating liquids. An
essential property such as the dielectric strength of the liquid may decline significantly within
a relatively short time, if the temperature is not kept below a certain limit.
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Table 4 — Temperature limits for transformers with mineral oil or
alternative liquid operated at 60 K top liquid temperature rise

a) Maximum temperature rise limits

Conventional Mixed Semi-hybrid Hybrid

insulation insulation insulation insulation
system ? system system system b

Minimum high-temperature solid N/A 130 120 155

insulation thermal class °
Top liquid temperature rise (K) 60 60 60 60
Average winding temperature rise (K) 65 ¢ 65 75 /‘
Hot-spot temperature rise for 78 78 8
conventional solid insulation (K) A
Hot-spot temperature rise for high- \0\)
temperature solid insulation (K) N/A 110

NOTE The temperature rises shown are based on normal ambient teRgErat as\ﬁfw

IEC 60076-1, but includes the statement on non-standard ambie

atuie\

a

Reference system for comparison purposes.

Essentially oxygen-free applications where the liquid
the ingress of air into the tank.

This is a material requirement.
The temperature rise for OD units y e 70

em eff tlvely prevents

Mlxed Semi-hybrid Hybrid

insulation insulation | insulation
system system system b
Minimum high-temper ture I|d in uI 130 120 155
thermal cl
MaXim“ %éi’;\ @N 105 105 105
norm ading

Maximum top li temperatyre with Y
ime\emerge y 115 115 115 115
loadingy(°C)

X|m tional ho spot
er ture |th orm cycllc 120 120 120 120
d|ng (}C)
naI hot-spot
e W|th ong -time emergency 140 140 140 140
ading (°C)

Maximum high-temperature insulation hot-
spot'temperature with normal cyclic loading N/A 150 130 170

)

Maximum high-temperature 4 insulation hot-
spot temperature with long-time emergency N/A 180 150 200

loading (°C)

NOTE Refer to IEC 60076-7 Table 4.

a

b

Reference system for comparison purposes.

Essentially oxygen-free applications where the liquid preservation system effectively prevents the
ingress of air into the tank.

This is a material requirement.

The temperatures shown for emergency loading should be used with caution, since they are
extrapolated similar to IEC 60076-7, but have not been validated by field experience or by
laboratory testing. These values are only intended to be used as a starting point and should be
carefully evaluated.



https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

- 26 - TS 60076-14 © IEC:2009(E)

Table 5 — Temperature limits for transformers with homogeneous
high-temperature insulation systems

a) Maximum temperature rise limits

Ester liquid Silicone liquid
or or
equivalent equivalent
Minimum high-temperature saolid 130 155 180 155 180 200
insulation thermal class
Top liguid temperature
A . :10) 80 s10) TOO T00 TO0
rise (K)
Average win_ding temperature 85 100 115 100 /\g15 {25
rise (K)
Hot-spot temperature 110 135 160 135 60 180
rise (K)

NOTE 1 Essentially oxygen-free application where the liquid p
prevents the ingress of air into the tank.

Ns st%\\efértively

NOTE 2 The temperature rises shown are based on normal ures 8s defined in

IEC 60076-1, but includes the statement on non- standard

® This is a material requirement.

b) Ma@g{n{%turél@ ;>

Silicone liquid

or
equivalent
Minimum high-temperatdre’solid 155 180 200
insulation thermal clags *
155 155 155

Maximum top liquid|t ure
with normal c/(chc oad
Maximum t@d témpera
with long-ti exge cy 40 140 140 170 170 170
Ioadm(?%\
Maximum ho(-spgt tempe t‘” \)go 175 200 175 200 220
with nor}J\ [ cl|c oa |ng

MaX|m hot- te per ure
ith | ng me e enc 170 200 230 200 230 255
( C)

NOTE\RS;SflaI “OxyGen-free applications where the liquid preservation system effectively

prevents‘thgtingress of air into the tank.

? This'is a mathequirement.

®<The temperatures shown for emergency loading should be used with caution, since they are
nvfrnnnlnfnd similar to |EC 680076-7 _but have not been validated h\/ field nvhnrlnnr‘n Qr h\/ Inhnrnfnr\/
testlng These values are only mtended to be used as a startlng point and should be carefully
evaluated.

7 Transformer accessories and compatibility

7.1 General

When operating at high temperature, it is important that the individual components are
checked to ensure that they have electrical, thermal, chemical and mechanical compatibility
with their mating parts. Compatible materials will exhibit no abnormal degradation of
performance or key parameters in normal use.


https://iecnorm.com/api/?name=3ab7616e284660bb4a6318fc2007bbea

TS 60076-14 © IEC:2009(E) ~27 -

This technical specification primarily covers the thermal compatibility. It is essential however,
that dielectric and chemical properties of the various components together with their gaskets,
as appropriate are also taken into account.

7.2 Bushings

Higher operating temperatures in the winding will not affect the bushings, if the top liquid
temperature is not increased above conventional limits. Where the top liquid temperature is
higher than that of a conventional design, the bushing performance may be affected. In this
case, special high-temperature or over-sized bushings may be required. As an alternate, it
may be possible to relocate the bushings to a lower position on the tank to take advantage of

lowe quuid temperatores:
Specjal attention should be paid to conventional condenser-type b the
condgnser body might be damaged due to thermal runaway wheg high
ambignt temperatures. See IEC 60137, which states the following r the
transformer insulating liquid that surrounds the bushing:

—| for normal load 100 °C;

—| for emergency duty 115 °C;

—| maximum daily mean 90 °C.
Due o the risk of thermal runaway suppliers of g ang - i entry
into fhe transformer may also restrict the id of
the tfansformer.
7.3 | Tap-changer
Off-cjrcuit tap-changers are\not atways i iqui . Br, in
case|the tap-changer is in ligWi by "C in
conventional units, speci Prani i i i i d be
evalyated for the selegtior 3 1
Higher operating c cat is
transferred from ths i aAap-changer contacts. Accordingly, a higher cyrrent
rated| tap-changef i e solution since the source of the heat is the wipding
and not a hig ant> e application of high temperature operation, the compatibility of
contgct materi
When o nge s will be exposed to higher temperature than conventional, the
supplier of th 3d tap-changer should be consulted at the enquiry and the contract $tage
in cape special’accommodations are necessary. For the same reason, the supplier of the on-
load [tap-ehanhger Should also be consulted, if the insulating liquid of the transformler is
different from conventional mineral oil.

7.4 Gasket material

Higher operating temperatures in the winding will not affect the gasket performance, if the top
liquid temperature is not increased above conventional limits. When operating the insulating
liquid at higher temperatures, a higher temperature grade of gasket material may be required
that is chemically compatible with the insulating liquid at the application temperature.

7.5 Tank painting

Higher operating temperatures in the winding will not affect the paint performance, if the top
liquid temperature is not increased above conventional limits. When operating the insulation
liquid at higher temperatures, it is important to use thermally compatible internal and external
paint specifications.
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7.6 Coolers

Higher operating temperatures in the winding will not affect the cooler performance, if the top
liquid temperature is not increased above conventional limits. When operating the insulation
liquid at higher temperatures, all the materials in the cooler should be suitable for the higher
temperatures. Thermal properties such as viscosity and heat transfer need careful
consideration as they could differ significantly from mineral insulating oil. It is also possible
that the thermal properties will vary over the increased temperature range. As with the tank,
the paint system should also be suitable for the higher temperature.

7.7 Pumps

The pump specification should take into account the viscosity of the insulating liquid_évgr the

operational temperature range.

7.8 Tank and conservator

The ¢apacity of the liquid conservator should take into acco e > ange| over
which the transformer will operate. The expansion/contractj \' iquid
may fiffer significantly from that of mineral insulating oil. E ers, the tank or
conservator should be sized accordingly, to prevent apne es. For brejather
systgms, which utilise a membrane, a higher tempera rane material may be
requifed. Furthermore, the material of the membrane atible with the insulation
liquid.

7.9 Adhesives

Adhesives used during the manufac
throughout the life of the unit should
also pe chemically compatible wi 3

ing_prosess ¢ are expected to maintain a |bond
hle {6 application temperatures and should
lating liquid used.

The |nsulation @n ransformer should be thermally and chemlfically
compatible with the’ip ati qui

7.10 | Current transfag

re gauges and indicators should be specified to opergte to
greater temperature ranges, as determined by the spcific
alues of the alarm and trip settings should be set accordingly.

The gases‘that may be generated in transformers using high-temperature insulation sygtems
may |differ from those in a conventional system. The protective relay therefore. should be
compatible with the insulating liquid, its operating temperature and the gases that may be
developed.

7.13 Auxiliary cables

For transformers where the insulating liquid is expected to operate at temperatures above that
of conventional mineral oil, the cables that connect external accessories shall either be
thermally insulated from the transformer cover or tank wall or be of a type that can withstand
the relevant temperature on a long-term basis.
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8 Special design considerations

8.1 Short-circuit considerations

Designing for higher average winding temperature rises than conventional designs may be
accomplished by reduced cooling or by higher current densities or both. In the latter case, the
high-temperature design may consequently require reinforced mechanical construction to
withstand the effects of an external short-circuit.

The mechanical construction of the winding and support structure should also be designed to
take into consideration the possible increased expansion or contraction of the transformer

windings due to the larger temperature range.

In adldition, the processing of the windings should be such tha [ the
consfruction will be maintained in service.

The fransformer should be designed to withstand short-circuifs a i : 76-5.
The maximum permissible value of the average temper & i d be
calcdlated in accordance with that specification. high-
tempgrature liquids covered by Table 5 of thls igsible
temppe

Whet tures
obtai Xy is
mech

8.2 | Dielectric requirements

Althdugh the basic requifements ; i i i high-
tempgrature insulation sys € id Jrr i i ic liqui differ
from |the conventional [s¥ste ysed
at th¢ design stage. igns ipn of
the djelectric pr

8.3

The icpl for
the s $ ¢ Bsign
specific 2 inding i ired, i d be
verifi 5 9 ) e for
each

It is [mportant to note that in many cases the liquid in the winding cooling duct can have a
highgr. temperature than that of the liquid in the top of the tank and this should be take into
consi

conductor to I|qu|d temperature gradient of an msulated wmdrng is generally the sum of the
temperature gradient across the solid insulation and the temperature gradient across the
boundary layer. In high-temperature insulation systems the temperature gradient across the
boundary layer is usually greater than in conventional insulation systems. This means that in
most cases, the surface temperature of the winding is limited by the thermal capability of the
insulation liquid.

The maximum winding surface temperature in point D is given by the sum of the liquid
temperature in the cooling duct and the temperature rise across the boundary layer. It
depends on the heat transfer coefficient at the winding surface and the heat flux density
through the winding surface. The insulation liquid needs to withstand the maximum surface
temperature without accelerated ageing, unacceptable gas generation or bubble generation.
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Figure 5 — Temperature gradient conductor to liquid

8.4 Overload

Depending on the transformer design and the thermal capability of the insulation system, the
transformer may have different overload capability from that of a conventional design.

The general principles and equations of the loading guide for oil-immersed transformers as
described in IEC 60076-7 apply, except for the overload levels, since temperatures and time
constants may not be applicable for different insulating systems. Maximum overload
temperatures are listed in Tables 4b and 5b. Any other overload requirements should
preferably be specified in the enquiry, or be agreed upon at the contract stage.
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8.5 Effects of harmonic currents

Harmonic currents will increase the transformer eddy and stray losses when compared with a
sinusoidal current with the same RMS value. These higher losses will increase the average
temperature rise of the windings and hot-spot temperatures.

The higher losses due to harmonic currents may increase the difference between the
winding’s average temperature rise and its hot-spot temperature. This difference can be quite
significant for convertor transformers having two or more valve windings loosely coupled. See
IEC 61378-1 for additional information.

8.6 [ Liquid preservation system

The ftype of liquid preservation system should be specified in the exquiry and order as
desctibed in IEC 60076-1. All liquid-immersed transformers will benegf q Ius%n of
oxygen. However, this is especially important for transformers opera empexafures.
The pse of preservation systems that do not inherently prev iq Oy ing in
contgct with the atmosphere should be restricted to applicatichs iquid
procgssing is possible and acceptable, such as mobile transforigers. Ex active
mearns should be employed to dry the air, such as a moistd quing<breather.

9 Required information

9.1 | Information to be provided by the

9.1.1

The ambient temperature should be i EC 60076-1 and IEC 60076-2| The
tempgrature limits noted 4 3 modified accordingly if the ambient

temperatures differ from ation
must
9.1.2
Harm 8.5.
The are

conn

—| characteristics’of the power electronic components.

The fransformer manufacturer does not have the necessary information or knowledge to
predi i . i ; eries
require that a harmonic spectrum be included in the specification. The purchaser has the
responsibility of specifying the harmonics to which the transformer will be subjected, whilst
the transformer manufacturer has the responsibility of designing the transformer, taking into
account these specified harmonics.

9.1.3 Other unusual service conditions

For all other unusual service conditions, see IEC 60076-1.
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9.2 Information to be provided by the manufacturer
9.2.1 Thermal characteristics

The rated top liquid temperature rise and average winding temperature rise should be given at
quotation and contract stage.

In addition to the temperature rise specified in IEC 60076-2, the hot-spot temperature rise of
the winding conductor should also be provided.

The type of insulation system to be used should be given at quotation and contract stage.

The |EC specification for the insulating liquid should be given where app e and also its
clasgjification according to IEC 61100.

9.2.2 Reference temperature
When a transformer has windings of different insulation systen aral e refefence

tempegrature relating to the winding having the higher ins ' \perature shall be
used

9.2.3 Guarantees

The |load losses and the short-circu anteed at the refefence
tempgrature. The load losses at t shall also be used |in a
tempgrature-rise test. The same tole apply, as recommendgd in
IEC 60076-1.

The guaranteed top liquid Tag [ grature rises shall not exceed the values
giver

10 |

10.1
10.1.

In additi ) nig” in IEC 60076-1, the rating plate shall include the follgwing

—| type-ofinsutation system, (homogenous, hybrid, semi-hybrid or mixed);

—| .thermal classes of insulation system (EIS) according to Table 4 or 5;

— —Tated top fiquid andaverage winding temperature TisSes;

— type of liquid by trade name, standard and year of standard.
10.1.2 Warning plate

If the tank surface may exceed 60 °C a warning plate should be provided to advise caution to
avoid touching such surface. IEC standards should be consulted and based on specific design
temperatures, appropriate warning signs should be placed on the transformer when the
surface is accessible.

10.2 Transformer manual

The manual shall highlight that, due to the presence of insulating materials different from
cellulose-based insulation and mineral insulating oil, different behaviour can be expected in
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respect to gas and moisture development. Consequently, this should be considered for onsite
degassing and drying treatment.

11 Testing

11.1 General

The test requirements for power transformers and reactors are described in the IEC 60076
series and the IEC 61378 series for convertor transformers.

11.2 —Rmmrmmmnnreﬂwmm
11.2.1 General

It is nequired to correct the measured results to the reference temp
Il trgnsformers as defined in IEC 60076-5, it may be desirable to ¢
analysis) data for future reference as a diagnostic tool, since
differf from conventional transformers.

11.2.2 Routine tests

The fests shall be as prescribed in IEC 60076-1.

11.23 Type tests

The fests shall be as prescribed in IEC 60

11.2.4 Special tests

The fests shall be as pres
11.3 Temperai@ri e test
11.3.1 General

The [time consté iquid

tempgrature ris 3 re is
required to { . Lo

The fimeNrom ewi witch
off time cannof be t the
samg time as. theshutddown in order to reduce the measuring uncertainty of the cooling clurve.

11.3.R </Evaluation of temperature-rise tests for mixed insulation systems

Two different hot-spot temperatures need to be verified either by calculation or test: P, for
the insulation system between B and C and P, for the insulation system between E and C. The
temperatures in each part of the winding should be evaluated as described in
IEC 60076-7. The hot-spot factors, H#; and H, need to be calculated by the manufacturer.

The temperature difference of the liquid in the tank between the top and the bottom is:
A6\ = 6, — 6y (4)

where:

0, is the top liquid temperature in the tank;
0y, is the bottom liquid temperature in the tank.
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To obtain the liquid temperature in the cooling ducts at the boundary of two different winding
parts, (Point C, in Figure 6), this temperature gradient is split into two parts:

/
AB w1 = —— x A8y for section 1 (5)
1 2

AB| o = ABw — AB|y4 for section 2 (6)

@%
S
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X

IEC 684/p9

indicates tempefature

averagewwinding\to liquid temperature gradient at rated current

bottomiquithiemperature entering the winding
represents the bottom of the tank

hot-spot factor associated with part of the winding using high-temperature insulation

NN_‘NNE Sl O

R

~
N

Q

A6
A6

LWA1

Lw2

hot-spot factor associated with part of the winding using conventional insulation
length of the upper part of the winding using high-temperature insulation

length of the lower part of the winding using conventional insulation

hot-spot temperature in contact with the high-temperature insulation material
hot-spot temperature in contact with the conventional insulation material
average winding temperature determined by resistance measurement

axial temperature rise of the liquid in the upper part of the winding

axial temperature rise of the liquid in the lower part of the winding

M measured point; ® calculated point

Figure 6 — Modified temperature diagram for windings with mixed insulation system
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Dielectric type tests

The insulating system should be dielectrically suitable for operation at elevated temperatures,
when required.

12 Supervision, diagnostics, and maintenance

12.1 General

Supervision and diagnostics of transformers are part of the strategic approach for risk
analysis and asset management which should result in an annmnrmfp maintenance
proglamme and reliable service life. In high-temperature transformers may be more
impoftant to monitor the performance of the insulation system since signi \ data
is not yet available.

A good general diagnostic approach can be found in IEEE 62.

12.2| Transformers filled with mineral insulating oil

Becajuse of the temperature limitation of the minerat—in ating\oeilN inNipsulation sydtems
contgining cellulose-based insulation, the amount of eratre msulatmg material
will generally be small relative to the total amount of in that
the cpmposition of gases, due to heating ischarges and electrlcal arcing
will ble close to that of conventional tre

In trgnsformers with hybrid insulation s on is
the mineral insulating oil. However, BS or
electfical arcing arise, decgo i ith the
potential for generating g

It ma idance
for t

12.3

When overheatln mers
with hi d/or
solid| i Hucts
(mois

On c bllect
DGA : differ
from| cofiventional transformers. IEC 60944 and IEC 61203 provide guidance forl the
supefvision and maintenance of silicone transformer liquids and transformer estefs in
equipmentTespectivety:
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