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INTERNATIONAL ELECTROTECHNICAL COMMISSION

POWER TRANSFORMERS -

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

FOREWORD

1) The International Electrotechnical Commission (IEC) is a worldwide organization for stndard|t|on comprising
all national electrotechnical committees (IEC National Committees). The objeg to promote
international co-operation on all questions concerning standardization in the electf\
this end and in addition to other activities, IEC publishes International Sta
Technical Reports, Publicly Available Specifications (PAS) and Guides 3
Publication(s)”). Their preparation is entrusted to technical committees; a E i njtte®/interested
in the subject dealt with may participate in this preparatory work b Y
governmental organlzatlons Ilalsmg with the IEC also part|0|pate in th

agreement between the two organizations.

2) The formal decisions or agreements of IEC on technical mattg as early as possible, an |nternat|ona|
consensus of opinion on the relevant subjects since eac
interested IEC National Committees.

the latter.

5) IEC provides no marki
equipment declared to

6) All users should@ )
7) No liability shall cht

The main task 0 C technical committees is to prepare International Standards. In
exceptional circumstances, a technical committee may propose the publication of a technical
specification when

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;

e clarification of temperature rise limits and the addition of overload temperature limits.

The text of this technical specification is based on the following documen{s:

Enquiry draft Report on voting /\
14/591A/DTS 14/600/RVC

The committee has decided that the
Atth

s dateé, the publication will be
+ transformed into a
. reconfirmed,@
* withdrawn,

* replaced by a re

« amended.

A bilingual ve ation may be issued at a later date.
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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.

Consequently, most of the accumulated experience of transformers in ice is based on
these insulation materials and these temperature limits. In some cagsgs, spase or weight

order to provide an acceptable life expectancy. High-temperg id\insulatibn materials
have also occasionally been used only in certain par windi here high

ted that the hot-spot
aif cases considerably
ing than expected. The

High-temperature insulation, from enamel-and\tape ap for conductors, to spacer and
mechanical support materia ' er; distribution, mobile, locomotive and
rectifier transformers. Clgss ¥ i e point greater than 300 °C are suitable for

: many years, manufacturers have met the

needs of special appl i transformers using high-temperature materials to

achieve lower 4 improved fire safety or increased life.

The purpose of i ical specification is to begin the process of standardizing the

development of iquN ersed_transformers that use high-temperature insulation. As a
in encompass a broad range of materials with varying degrees

ing and cooling liquids also vary substantially from mineral oil

The liquid and_solid\ insulation materials found in any standard type of modern liquid-
immersed transforyper compose an insulation system that has evolved and developed over
more than 100 years. Accordingly, the rules and guidelines for application are also robust and
rather well developed. In contrast, high-temperature insulation materials and applications for
transformers that use these materials are relatively new in both development and application.

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. Documents
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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 typical properties and to demonstrate the added range and capabilities of relatively
unfamiliar materials.

same manner. Only selected information for the “conventional”
comparison purposes or for emphasis. All other references are di

QD
\
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POWER TRANSFORMERS -

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

1 Scope

nformation for use
ploying either
insulation.

This part of IEC 60076 provides specification, design, testing and loading j
by both the manufacturer and user of liquid-immersed power transforme

— convertor transformers designed to IEC 61378 serie
— arc furnace transformers,

and covers the use of various liquid and solid ins

Whilst standards for traction guthority of IEC technical

IEC 60076-5, Power transformers — Part 5: Ability to withstand short-circuit

IEC 60076-7:2005, Power transformers — Part 7: Loading gquide 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 al purposes

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

3 Terms and definitions

For the purposes of this document, the following terms and definitions, as well as 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]
Documents
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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 EIM/EIS is appropriate

[IEC 60085, 3.11, modified]

3.5

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

app in systems

3.6
thermally upgraded paper (TUP)
cellulose-based paper which has been chemica e’the rate at which the

ination of water forming

per is considered as thermally
upgraded if it meets the life criteria defired i ' .100; 50 % retention in tensile
strength after 65 000 hours in a s 110°C or any other time/temperature
combination given by the egquation:

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

(1)

g used today contain nitrogen, which is not present in
yodification is determined by testing for the amount of
. Typical values for nitrogen content of thermally
2 % and 4 % when measured in accordance with
ASTM D-982\

[IEC 60076-7, 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) Documents
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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)

3.11

homogeneous insulation system

high-temperature insulation used in all areas exposed to temperatures higher than would be
suitable for conventional insulation systems together with high-temperature insulating liquid

3.12
reference temperature
20 °C + rated mean winding temperature rise

4 Insulation materials

41 General
This clause lists many high-temperature ElectricalInsulatj i EIM) for informational

purposes only. The appearance of imply that any specific
combination is suitable for use in hig

and characteristics, which e 8 evaluation. It is important to note that
design parameters speci ¢ i ould be obtained from the manufacturer

enamels and liquids.

Each material sh < smpatibility with other materials in the system and not
only for thermal cap ity. ouidN\alsd be noted that whilst the thermal capability of the
individual materiz ory, the interaction of these individual elements in the

means that sufficteqt€nergy must be supplied to enable the atoms to split the molecules. 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
temperature. The temperature is then a relevant indicator of the ageing rate and the lifetime.
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 p i j
the Bibliography. ﬁB&Sﬁ‘iﬁents
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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)+%

be an absolute
crucial for the

temperatures and the : ;
value of the absolute 3 fures are\ptqatted in)a coordinate system, where the time axis
has a logarithmic scale N

The dots in the Lare the re ults omva thermal endurance test. The stralght line is the
regression line. A S :

confirms that th . mperature relationship for the tested material foIIows
Arrhenius’ equat
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