PD IECTS 62332-2:2014

Electrical insulation systems
(EIS) — Thermal evaluation
of combined liquid and solid
components

Part 2: Simplified test

[
bSlo ..making excellence a habit’



PD IEC TS 62332-2:2014

PUBLISHED DOCUMENT

National foreword
This Published Document is the UK implementation of IEC TS 62332-2:2014.

The UK participation in its preparation was entrusted to Technical
Committee GEL/112, Evaluation and qualification of electrical insulating
materials and systems.

A list of organizations represented on this committee can be obtained on
request to its secretary.

This publication does not purport to include all the necessary provisions of
a contract. Users are responsible for its correct application.

© The British Standards Institution 2014.
Published by BSI Standards Limited 2014

ISBN 978 0 580 81646 8
ICS 29.080.30

Compliance with a British Standard cannot confer immunity from

legal obligations.

This Published Document was published under the authority of the
Standards Policy and Strategy Committee on 31 May 2014.

Amendments/corrigenda issued since publication

Date Text affected




PD IEC TS 62332-2:2014

IEC TS 62332-2

Edition 1.0 2014-04

TECHNICAL
SPECIFICATION

SPECIFICATION
TECHNIQUE

colour
inside

Electrical insulation systems (EIS) —Thermal evaluation of combined liquid and
solid components —
Part 2: Simplified test

Systémes d'isolation électrique (SIE) — Evaluation thermique de composants
liquides et solides combines —
Partie 2: Essai simplifié

INTERNATIONAL
ELECTROTECHNICAL
COMMISSION

COMMISSION

ELECTROTECHNIQUE

INTERNATIONALE PRICE CODE T
CODE PRIX

ICS 29.080.30 ISBN 978-2-8322-1514-2

Warning! Make sure that you obtained this publication from an authorized distributor.
Attention! Veuillez vous assurer que vous avez obtenu cette publication via un distributeur agréé.

® Registered trademark of the International Electrotechnical Commission
Marque déposée de la Commission Electrotechnique Internationale



PD IEC TS 62332-2:2014

-2- IEC TS 62332-2:2014 © IEC 2014

CONTENTS
FOREWORD ...ttt et ettt ettt et e ettt et anas 4
INTRODUGCTION ..ottt et e e e e et e e e e et e e et e et e e et e e e e e an e e enaeeneees 6
1 1T o 1= S 7
2 NOIMALtIVE TEFEIENCES ...t 7
3 Terms and definitioNs ... 9
4 Thermal ageing test apparatus ..o 10
4.1 General desCriPlioN ... . 10
4.2 Sealed TUDES ... 10
4.3 Gas blanketing SYStem ... .. 11
4.4 Pressure relief System ... 11
4.5 A GEING OV Lttt 11
5 Construction of the test object ... ... 12
5.1 LT a1 =Y PP 12
5.2 Determination of component Weights..........oociiii 12
5.3 LI 0 o= e S 12
5.3.1 Conductor INSUIAtION . ... e e 12
5.3.2 Other solid insulation componNeNntS ........c.oiiiiiiii e 13
5.3.3 Liquid COmMPONENT ..o 13
5.3.4 Structural CompPONENTS ... e 13
5.3.5 Other COMPONENES ..o e 13
N I = 1S3 o] o To =T U1 =1 P 14
6.1 LT o =T Y S 14
6.2 Preparation of the test ObJeCtS ... 14
6.2.1 GBNEIA e 14
6.2.2 Reference test object... ..o 14
6.2.3 Candidate test ObJECE......iii i 15
6.3 DiIagNOStiC 1SS ...t 16
6.3.1 GBNEIA i 16
6.3.2 SOl INSUIATION L.t 16
6.3.3 Liquid INSUIAtioN ... e 16
6.4 ENd-point 1SN . e s 16
6.5 Simplified one-point test .. ..o 17
T ANAlYSIS Of data ... e 17
7.1 ENd-point Criteria oo e 17
7.1.1 GBNEIA e 17
7.1.2 End-of-life of the solid component............oo 17
7.1.3 Extrapolation of data...........cooiiiii 17
7.2 L= 0o P 17
Annex A (informative) Consideration of weight ratios ... 19
A.1 Examples of transformers leading to actual weight ratios in Table A.1 .................. 19
A.2 Calculation of core steel surface ratios ...........ccoiiiiiiiiiiii 19
A.3 Calculation of copper components of teSt.........ooiiiiiiiiiiiii e 20
A.3.1 Wire enamel samples ... 20

A.3.2 Bare COPPEr SAmMPIES .. 20



PD IEC TS 62332-2:2014

IEC TS 62332-2:2014 © IEC 2014 -3-
Annex B (informative) Consideration of ageing time and temperature ................cc..cooinnn. 21
Annex C (informative) AgiNg €Xample ... 22
C.1 Reference System teSt . ... 22
C.2 Candidate system test ... i 22
BB O g AP Y e 25
Figure 1 — Sealed tube eXamPle. .. ..o 11
Figure B.1 — Reference EIS SYStem . ... 21
Figure C.1 — Example of aging result at a temperature of 165 °C ..o, 23
Figure C.2 — AQING life CUMVE . ... e 24
Table 1 — Reference component weight ratio calculations ...............coooiiiiiiiii i, 12
Table 2 — Reference EIS ageing conditions and candidate EIS ageing temperatures ............ 15
Table 3 — Recommended ageing temperatures and periods for expected thermal class ........ 15
Table A.1 — Examples obtained from industry SOUrCes .........cccoiiiiiiiiiiiiii e 19
Table A.2 — Examples of component volume ratio calculations...............ccccoeeiiiiiiiiineen. 19
Table C.1 — Calculation of end-of-life criteria for comparative evaluation .............................. 22

Table C.2 — Example of aging eXperiment ... ... 23



1)

2)

3)

4)

5)

6)

7)

8)

9)

PD IEC TS 62332-2:2014
-4 - IEC TS 62332-2:2014 © IEC 2014

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATION SYSTEMS (EIS) -
THERMAL EVALUATION OF COMBINED LIQUID
AND SOLID COMPONENTS -

Part 2: Simplified test

FOREWORD

The International Electrotechnical Commission (IEC) is a worldwide organization for standardization comprising
all national electrotechnical committees (IEC National Committees). The object of IEC is to promote
international co-operation on all questions concerning standardization in the electrical and electronic fields. To
this end and in addition to other activities, IEC publishes International Standards, Technical Specifications,
Technical Reports, Publicly Available Specifications (PAS) and Guides (hereafter referred to as “IEC
Publication(s)”). Their preparation is entrusted to technical committees; any IEC National Committee interested
in the subject dealt with may participate in this preparatory work. International, governmental and non-
governmental organizations liaising with the IEC also participate in this preparation. IEC collaborates closely
with the International Organization for Standardization (ISO) in accordance with conditions determined by
agreement between the two organizations.

The formal decisions or agreements of IEC on technical matters express, as nearly as possible, an international
consensus of opinion on the relevant subjects since each technical committee has representation from all
interested IEC National Committees.

IEC Publications have the form of recommendations for international use and are accepted by IEC National
Committees in that sense. While all reasonable efforts are made to ensure that the technical content of IEC
Publications is accurate, IEC cannot be held responsible for the way in which they are used or for any
misinterpretation by any end user.

In order to promote international uniformity, IEC National Committees undertake to apply IEC Publications
transparently to the maximum extent possible in their national and regional publications. Any divergence
between any IEC Publication and the corresponding national or regional publication shall be clearly indicated in
the latter.

IEC itself does not provide any attestation of conformity. Independent certification bodies provide conformity
assessment services and, in some areas, access to IEC marks of conformity. IEC is not responsible for any
services carried out by independent certification bodies.

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

No liability shall attach to IEC or its directors, employees, servants or agents including individual experts and
members of its technical committees and IEC National Committees for any personal injury, property damage or
other damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and
expenses arising out of the publication, use of, or reliance upon, this IEC Publication or any other IEC
Publications.

Attention is drawn to the Normative references cited in this publication. Use of the referenced publications is
indispensable for the correct application of this publication.

Attention is drawn to the possibility that some of the elements of this IEC Publication may be the subject of
patent rights. IEC shall not be held responsible for identifying any or all such patent rights.

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

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

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 TS 62332-2, which is a technical specification, has been prepared by IEC technical
committee 112: Evaluation and qualification of electrical insulating materials and systems.
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The text of this technical specification is based on the following documents:

Enquiry draft Report on voting
112/256/DTS 112/268/RVC

Full information on the voting for the approval of this technical specification can be found in
the report on voting indicated in the above table.

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

A list of all the parts in the IEC 62332 series, published under the general title Electrical
insulation systems (EIS) — Thermal evaluation of combined liquid and solid components, can
be found on the IEC website.

The committee has decided that the contents of this publication will remain unchanged until
the stability date indicated on the IEC web site under "http://webstore.iec.ch" in the data
related to the specific publication. At this date, the publication will be

e transformed into an International standard,

e reconfirmed,

e withdrawn,

e replaced by a revised edition, or

e amended.

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

This technical specification describes a method for the thermal evaluation of electrical
insulation systems (EIS) for electrotechnical products with combined liquid and solid
components. More specifically, this part addresses liquid immersed power transformers.
Part 1 covers general test requirements. This Part 2 covers a simplified test method which
can be used as a screening test prior to conducting Part 1 testing or it can be used to
determine a thermal classification of an EIS. This method can also be used as a quality
control test to evaluate minor product changes.

This specification provides a standardized test method for sealed tube testing. The sealed
tube should contain all the primary EIS elements, and in relative component ratios which
compare with actual liquid immersed power transformers.

This technical specification has been prepared in conjunction with IEC TC 14, Power
transformers and IEC TC 10, Fluids for electrotechnical applications. Any comments or
suggestions from other technical committees to make this technical specification more general
are welcome.
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ELECTRICAL INSULATION SYSTEMS (EIS) -
THERMAL EVALUATION OF COMBINED LIQUID
AND SOLID COMPONENTS -

Part 2: Simplified test

1 Scope

This part of IEC 62332, which is a technical specification, is applicable to EIS containing solid
and liquid components where the thermal stress is the dominant ageing factor, without
restriction to voltage class.

This part specifies a sealed tube test procedure for the thermal evaluation and qualification of
electrical insulation systems (EIS). One aspect of this procedure is to also provide a method
to assign thermal classifications to materials used in EIS where solid and liquid components
are both used. This procedure describes a comparative ageing method whereby a reference
system composed of kraft paper and mineral oil is compared to a candidate system of any
combination of solid and insulating liquid. The test procedures in this part are specifically
applicable to liquid immersed transformer insulation systems.

Similar procedures should also work for other electrotechnical devices with a combination of
liquid and solid components, such as bushings, cables or capacitors, but this will be added as
additional parts once experience is gained using this technical specification.

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 latest edition of the referenced document (including any
amendments) applies.

EC 600819, Electrical insulation — Thermal evaluation and designation

EC 60158, Insulating liquids — Determination of the breakdown voltage at power frequency —
Test method

IEC 60216-2:2004, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of
test criteria

EC 60216-3, Electrical insulating materials — Thermal endurance properties — Part 3:
Instructions for calculating thermal endurance characteristics

EC 60216-4-1, Electrical insulating materials — Thermal endurance properties — Part 4-1:
Ageing ovens — Single-chamber ovens

EC 60216-5, Electrical insulating materials — Thermal endurance properties — Part 5:
Determination of relative thermal endurance index (RTE) of an insulating material

EC 60243-1|, Electrical strength of insulating materials — Test methods — Part 1: Tests at
power frequencies


http://dx.doi.org/10.3403/03148322U
http://dx.doi.org/10.3403/00707610U
http://dx.doi.org/10.3403/30077957
http://dx.doi.org/10.3403/02645221U
http://dx.doi.org/10.3403/00559625U
http://dx.doi.org/10.3403/00567958U
http://dx.doi.org/10.3403/01368018U
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EC 60247, Insulating liquids — Measurement of relative permittivity, dielectric dissipation
factor (tan o) and d.c. resistivity

EC 60294, Fluids for electrotechnical applications — Unused mineral insulating oils for
transformers and switchgear

IEC 60317 (all parts), Specifications for particular types of winding wires

EC 60450, Measurement of the average viscometric degree of polymerization of new and
aged cellulosic electrically insulating materials

IEC 60505:2011|, Evaluation and qualification of electrical insulation systems

EC 60554-2, Cellulosic papers for electrical purposes — Part 2: Methods of test

EC 605671, Oil-filled electrical equipment — Sampling of gases and of oil for analysis of free
and dissolved gases — Guidance

EC 60599, Mineral oil-impregnated electrical equipment in service — Guide to the
interpretation of dissolved and free gases analysis

EC 60763-4, Specification for laminated pressboard — Part 2: Methods of test

EC 60814, Insulating liquids — Oil-impregnated paper and pressboard — Determination of
water by automatic coulometric Karl Fischer titration

EC 60851-5, Winding wires — Test methods — Part 5: Electrical properties

EC 61198, Mineral insulating oils— Methods for the determination of 2-furfural and related
compounds

EC 61620, /nsulating liquids — Determination of dielectric dissipation factor by measurement
of the conductance and capacitance — Test method

EC 62021-1, Insulating liquids — Determination of acidity — Part 1: Automatic potentiometric
titration

EC 62021-2, Insulating liquids — Determination of acidity — Part 2: Colourimetric titration

EC 62021-3, Insulating liquids — Determination of acidity — Part 3: Test methods for non
mineral insulating oils

IEC TS 62332-1:2011, Electrical insulation systems (EIS) — Thermal evaluation of combined
liquid and solid components — Part 1: General requirements

SO 2049, Petroleum products — Determination of colour (ASTM scale)

SO 2211, Liquid chemical products — Measurement of colour in Hazen units (platinum-cobalt
scale)

ASTM D971, Standard Test Method for Interfacial Tension Of Oil Against Water By The Ring
Method


http://www.astm.org/Standards/D971.htm
http://www.astm.org/Standards/D971.htm
http://dx.doi.org/10.3403/03029197U
http://dx.doi.org/10.3403/03115282U
http://dx.doi.org/10.3403/03097667U
http://dx.doi.org/10.3403/30198418
http://dx.doi.org/10.3403/00836972U
http://dx.doi.org/10.3403/00007507U
http://dx.doi.org/10.3403/01663710U
http://dx.doi.org/10.3403/00324753U
http://dx.doi.org/10.3403/00164061U
http://dx.doi.org/10.3403/01491856U
http://dx.doi.org/10.3403/00334970U
http://dx.doi.org/10.3403/01643706U
http://dx.doi.org/10.3403/02958532U
http://dx.doi.org/10.3403/30156457U
http://dx.doi.org/10.3403/30250868U
http://dx.doi.org/10.3403/01033231U
http://dx.doi.org/10.3403/00046050U
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3 Terms and definitions

For the purposes of this document, the following terms and definitions apply, some of which
are taken from |[EC 60508.

3.1

electrical insulation system

EIS

insulating structure containing one or more electrical insulating materials (EIM) together with
associated conducting parts employed in an electrotechnical device

Note 1 to entry: EIMs with different temperature indices (ATE RTE according to JEC 60216-5) may be combined to
form an EIS, which has a thermal class that may be higher or lower than that of any of the individual components

according to .
[SOURCE: |[EC 60505:2011], 3.1.1 — modified, the Note 1 to entry has been added]

3.2
candidate EIS
EIS under evaluation to determine its service capability (thermal)

3.3

reference EIS

evaluated and established EIS with either a known service experience record or a known
comparative functional evaluation as a basis

3.4
thermal class

designation of an EIS that is equal to the numerical value of the maximum temperature in
degrees Celsius for which the EIS is appropriate according to |[EC 60085

Note 1 to entry: An EIS may be subjected to operating temperatures exceeding its thermal class, which can result
in shorter expected life.

3.5

EIS assessed thermal endurance index

EIS ATE

numerical value of the temperature in degrees Celsius for the reference EIS as derived from
known service experience or a known comparative functional evaluation

3.6

EIS relative thermal endurance index

EIS RTE

numerical value of the temperature in degrees Celsius for the candidate EIS which is relative
to the known EIS ATE of a reference EIS when both EIS are subjected to the same ageing
and diagnostic procedures in a comparative test

3.7

test object

piece of original equipment, a representation (model) of equipment, a component of or part of
equipment, including the EIS, intended for use in a functional test

3.8
thermal ageing factor
thermal stress that causes irreversible changes in the EIS


http://dx.doi.org/10.3403/02007748U
http://dx.doi.org/10.3403/00567958U
http://dx.doi.org/10.3403/02007748U
http://dx.doi.org/10.3403/30198418
http://dx.doi.org/10.3403/03148322U
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3.9

diagnostic test

periodic application of a specified level of a diagnostic factor to a test object to determine
whether the end-point criterion has been reached

3.10

end-point criterion

selected value of either a property or a change of property that defines the end of a
component’s life

[SOURCE: JEC 61857-1:2008, 3.11, modified — "component's life" replaces "test object in a
functional test]

3.1

end-of-life

end of a test object’'s life, as determined by any selected component meeting its end-point
criterion

3.12

sealed tube

sealed container partially filled with the liquid EIM and in which includes the solid EIM in
relative component ratios which compare with the actual electrotechnical device

3.13

halving value

HIC

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

[SOURCE: IEC 60050-212:2010, 212-12-13, modified — "equal to TI" replaces the original
"corresponding to the temperature index or the relative temperature index"]

4 Thermal ageing test apparatus

4.1 General description

The thermal ageing test apparatus shall be designed to allow the ageing of solid and liquid
components. The reference and candidate EIS shall be exposed to test periods at selected
elevated temperatures. These test periods consist of a specific time exposure at the selected
temperature followed by diagnostic tests. The test system consists of the following elements:

e sealed tubes
e ageing ovens

o test objects.
4.2 Sealed tubes

Each sealed tube is a container constructed of stainless steel or other suitable materials such
as glass, the size to be determined by the size of the test objects. Additionally, the material
for the tube shall either not affect the ageing (such as glass or stainless steel) or identically
constructed tubes shall be used for all sets of experiments. The cell volume shall consider the
space required for thermal expansion of the liquid at ageing temperatures, as well as space
for the EIM to be evaluated. The EIM to be evaluated should be fully immersed in the liquid
during the entire test period. Either one or both ends of the cell shall be fitted with removable,
sealable bolt-on covers.

Ports shall be provided for


http://dx.doi.org/10.3403/30177751
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e sampling of the liquid,

e gas blanketing and associated pressure relief system.

For example, see Figure 1.

IEC 1019/14

Figure 1 — Sealed tube example

4.3 Gas blanketing system

A gas blanketing system shall be provided which simulates the insulation system used in the
transformer being evaluated. This can be a sealed gas system, which maintains a gas blanket
over the liquid in the cell for the purpose of reducing oxidation of the liquid. In each case, the
gas blanket in each cell shall be regulated to maintain a positive pressure as is described in
below in 4.4.

Free breathing liquid preservation systems are not included due to safety hazard of testing
liquids at temperatures above their flashpoints where additional oxygen is available. In the
case of a sealed test, the amount of available oxygen is limited.

NOTE Oxygen is known to increase ageing of insulation systems, so a test with air would be expected to be more
severe than one sealed with nitrogen.

4.4 Pressure relief system

A pressure relief valve shall be installed on each cell to prevent the internal cell pressure from
rising above the capability of the sealed tube. Additionally, the test should simulate the end
application which is under evaluation. As an example, for liquid-immersed transformer
applications, the transformer tanks are designed to operate at a pressure of up to 150 kPa.
The technical evaluation for this design should use a method (such as a pressure relief valve)
to control the pressure in the cells at a level consistent with the end use application being
evaluated. If not otherwise specified, choose a level of 150 kPa for this test pressure.

Pressure control has two functions. The first is for safety and the second is to control the
pressure at a low consistent level to better model the actual transformer application. This
pressure control can be accomplished by using a pressure relief value equal to that used on
the transformer for which the evaluation is being conducted, or by the means of an expanding
bellows which allows increasing gas space of the test cell without an increase of pressure.

4.5 Ageing ovens
The ageing ovens used shall meet the requirements of |[EC 60216-4-1.


http://dx.doi.org/10.3403/00559625U
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5 Construction of the test object

5.1 General

The test object is designed to model the EIS portion of the transformer under evaluation and
usually consists of

e a conductor insulation,

other solid insulation components,

e structural components,

e metallic materials (typically copper or aluminium and steel),
e an insulating liquid,

e other components in the candidate if they differ from the reference system and if they
reasonably affect the outcome of the test.

5.2 Determination of component weights

It is important that the ratios of weights of components used to construct the test object shall
be representative of the candidate transformer being modelled. Determine the percentage of
each individual component as a part of the total weight. The percentages shall be used to
determine the weight of those individual components to be used in the construction of the test
object. In a family of products with the same specific EIS, the ratio of weight of the individual
components to the total weight should be similar. Other components which affect aging based
on surface area are included on this basis.

Table 1 provides the weights and dimensions of the components to be used in the reference
test. This table is based on the ratio of materials assuming 100 g of solid for each type of EIS.
Each of the items in this table is described in more detail in the clauses following the table.
The reference should be selected that is most appropriate for the candidate under test.

Table 1 — Reference component weight ratio calculations

Transformer type

Test material descriptions Distribution Power — Core type Power — Shell type
Insulating liquid 1330g¢g 760 g 330 g
Conductor insulation 10 ¢ 10 g
Layer insulation 50¢g
Low density pressboard 5049 10 ¢ 80g
High density pressboard 80g 1049
Ratio — Liquid to solid 13,3to 1 7,6 to 1 3,3to 1
Surface area of core steel 9,6 cm? 9,6 cm? 9,6 cm?
Enamel wire samples 5 samples 5 samples 5 samples
Surface area of copper 9,6 cm? 9,6 cm? 9,6 cm?

In addition to the ratios of the solid and liquid insulation components shown in Table 1, other
materials as described in 5.3.4 and 5.3.5 should be included as well, but are not included
here for simplicity. Enamel wire samples are described in Annex A.

5.3 Test object
5.3.1 Conductor insulation

Depending on the type of transformer, the conductors can range from small round wires, to
larger rectangular wires or metal foils. The insulation for each of these may differ. The
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insulation may be either enamel coating, conductors wrapped with thin insulating materials or,
in the case of the metal foils, thicker papers/films, sometimes with adhesive coatings.

The conductor insulation should be tested in a way that can allow estimation of the expected
thermal capability of the material when combined with a fluid. For thin wire wrap materials, the
test specimens can be pre-cut tensile strips. A minimum of 20 test specimens per ageing cell
should be included in each cell. For enamel coated round wires, twisted wire pairs of can be
aged, again with a minimum of 20 test specimens per ageing cell. For applications such as
distribution transformers, the thicker layer papers or films used with metal foils, can be
evaluated similar to the thin wire wrap materials.

For papers/films with adhesive coatings, a separate test to evaluate the technical
characteristic of the adhesive should be conducted. The failure mode for this test may be
bond strength retention of the adhesive rather than a tensile retention test of the base
paper/film insulation.

Include the same ratio of exposed surface area of the conductor metal (copper or aluminium)
as in the transformer being evaluated for paper/film wrapped conductors.

5.3.2 Other solid insulation components

Other solid materials are typically used in the transformers. These components include
pressboard products that are adjacent to the conductors (spacer materials), and as such
experience the same temperature extremes as the conductor insulation or other materials
which are used in the cooler part of the transformer (such as cylinders or oil-flow barriers). In
other type of designs, the insulated conductors may be separated by insulating papers which
again experience the same extreme temperatures as the conductor insulation. Each of these
materials should be included in the correct ratio as described in 5.2.

5.3.3 Liquid component

The cell shall be filled with the liquid component used in the transformer being evaluated. The
weight of the liquid shall be determined from requirements in 5.2 based on weight and
temperature calculations. Care shall be taken to allow space for expansion of the liquid in the
cell at elevated temperatures.

5.3.4 Structural components

Other materials are used in the transformer that are for “mechanical purposes” only, and have
no direct impact on electrical performance of the insulation system, but if they fail in the
application, could cause a degradation of the insulation system. Examples of such
components include, but are not limited to, tie cords, netting tapes, adhesive tapes, etc. Many
of these components are manufacturing aids, so a failure in operation is not a design problem,
as long as the components degrade in a way that does not affect the other materials
(chemical compatibility) or affect design parameters, e.g. block cooling.

These materials could be included in the test consistent with 5.2.

NOTE At present, no method has been developed as to how to evaluate the addition of these materials into the
test object. Once experience with this test specification has been obtained, a method to evaluate these materials
will be added.

5.3.5 Other components

For products being simulated, representative components that are not included in the EIS but
are expected to affect it, shall be included. Examples include pieces of core steel, material
supporting the leads, coatings, solder and enclosure materials. The relative weights of these
components should match those of the evaluated product, with the exception of magnetic core
steel and tank material. The relative quantity of magnetic core steel and tank shall be
determined, based on the surface area exposed to the liquid component. An example is given
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in Annex A. Core steel is considered a surface area rather than a weight ratio since only the
surface is available to affect the aging of the insulation system.

In addition to the core steel, these materials could be included in the test consistent with 5.2.

NOTE At present no method has been developed as to how to evaluate the addition of these materials into the
test object. Once experience with this test specification has been obtained, a method to evaluate these materials
will be added.

6 Test procedures

6.1 General

A three-temperature ageing test shall be completed to establish the thermal rating of the new
system. A reference EIS shall be used to validate the testing of the candidate EIS. Unless
otherwise stipulated by the equipment technical committee, the reference system shall be
cellulose solid insulation and mineral oil.

NOTE For transformers which include enamel coated wires, the enamel coated wires to be evaluated as part of
the reference EIS are specified in IEC 60317 — PVF (polyvinyl formal).

6.2 Preparation of the test objects
6.2.1 General

The quantity of samples of solid and liquid insulation should be sufficient to supply all
reference and candidate test objects and requirements for diagnostic testing.

All solid samples shall be pre-conditioned by drying. Lower temperature drying will take longer
than high temperatures, but will prevent damage of the insulation prior to the ageing
experiment. For optimum drying conditions, refer to the relevant material testing standards.
The moisture content of the solid insulation materials shall be between 0,25 % and 0,50 % at
the start of the ageing.

Immediately after drying, the conductor materials, other solid materials and all additional
materials shall be vacuum-impregnated with the liquid under evaluation. The impregnation
process is conducted for 6 h to 24 h, at 70 °C to 90 °C.

Prior to inserting the test objects into the ageing cell, remove the pre-conditioned solid and
liguid diagnostic test samples. Verify the initial moisture content after the impregnation
process to determine whether or not the materials are adequately dried prior to start-up.

A clean, dry ageing cell is then filled with the previously determined weight of liquid and the
impregnated solid components are inserted. The cell is quickly sealed then purged with dry
sealing gas.

Following its assembly, the ageing cell is placed into an ageing oven. The temperature of the
oven is then increased to the ageing temperature.

6.2.2 Reference test object

The reference EIS shall be composed of solid materials and liquid that have an established
performance in combination. At the time of issue of this technical specification, the only
established reference EIS is composed of cellulose solid materials and mineral oil. The EIS
ATE of this reference system is recognized to be 105 °C. However, if the equipment technical
committee has established another EIS with known performance, this may be used as the
reference EIS. The equipment technical committee should provide specific details:

e conductor with Kraft cellulose insulation (samples described in 5.3.1);
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e non-inhibited mineral oil according to [EC 60294.

For verification of reference EIS ageing, a single set of three test objects composed of the
reference EIS shall be evaluated along with the candidate test objects. For the reference EIS
cellulose and mineral oil system, the ageing temperatures shall be as shown below.

Testing shall be carried out with three temperatures for the referenced EIS as shown in Table
2 below. Evaluate the per cent tensile strength of the three sets and average them for the
end of life criteria for the candidate system. Ageing times for the reference EIS is based on a
20,000 h life at the ATE (of 105 °C) with a HIC of 6 K.

Table 2 — Reference EIS ageing conditions and candidate EIS ageing temperatures

Insulation Expected increase Ageing time Ageing time Ageing time
system in thermal rating 3536 h number 2: number 3:
625 h 110 h
°C °C °C °C
Reference EIS 130 145 160
Candidate EIS 10 140 155 170
20 150 165 180
30 160 175 190
40 170 185 200
50 180 195 210
60 190 205 220

The expected value for the reference EIS at the above times and temperatures is in the range
of 25 % tensile strength. For dielectric strength of enamel coated wire, the expected value is
in the range of 80 % retained dielectric strength. In either case, the property retention of the
reference EIS will determine the end of life criteria for the candidate EIS. Unless there is a
good reason for an alternative end of life test (other than tensile strength for solid insulation
and dielectric strength for enamel/wire coatings) these should be chosen.

6.2.3 Candidate test object

At least four ageing cells shall be used for the candidate system for each test temperature. At
least one cell shall have ageing results that extend past the end of life criteria determined
from the reference EIS testing for each test temperature.

Select the ageing temperatures for the candidate EIS, based on the expected thermal class
from JEC 60084, listed below in Table 3. The four ageing period durations are defined for

each ageing temperature.

Table 3 — Recommended ageing temperatures and periods for expected thermal class

i Expected thermal class
Duration of

ageing period 90 105 120 130 140 155 180 200 220

n °C °C °C °C °C °C °C °C °C

2 000/4 000/6 000/8 000 110 125 140 150 160 175 200 220 240
500/1 000/1 500/2 000 125 140 155 165 175 190 215 235 255
100/200/300/400 140 155 170 180 190 205 230 250 270
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The physical shape, size and construction of the reference and candidate test objects shall be
similar, with one or more of the solid materials and/or liquid replaced with the candidate
materials to be evaluated.

6.3 Diagnostic tests
6.3.1 General

Samples of the solid insulation shall be tested prior to start-up and after shutdown of each
cell. Electrical or physical properties of the solid insulation shall be measured according to the
end of life criteria selected. Changes between the initial and final states shall be used to
determine the amount of degradation occurring during the testing cycle.

6.3.2 Solid insulation

At start-up, the solid insulation samples pre-conditioned according to 6.2 shall be tested using
one or more diagnostic tests to determine end of life. Additional tests may be used for
monitoring purposes. In some cases multiple methods are available for diagnostic testing. It is
important to use the same test method for both the reference and candidate EIS. Examples of
typical diagnostic tests for solid materials are as follows:

Characteristics Test specification
Dielectric strength in oil:
Dielectric strength of winding wire:
Tensile strength:
Compression strength:
Degree of polymerization (cellulose):

Solid insulation includes enamel coated wires. Most of the above test methods are not
appropriate for enamel coated wires. In such cases, the key characteristic to monitor for the
enamel coated wires is the dielectric strength retention. There has only been limited
experience using such coated wires with this test method.

6.3.3 Liquid insulation

At start-up, the liquid insulation pre-conditioned according to 6.2 shall be tested using one or
more diagnostic tests to use for characterization.It is important to use the same test method
for both the reference and candidate EIS. Examples of typical diagnostic tests for liquids are
as follows:

Characteristic Test specification

Colour and appearance: ISO 2049 or |SO 2211

Breakdown voltage:

Interfacial tension: ASTM D971

Acidity: IEC 62021-1|, [EC 62021-2, or |[EC 62021-
Dielectric dissipation factor (DDF) IEC 60247 or |[EC 6162

Water content:

Dissolved gas: IEC 60567 and JEC 60599

Furanic compound concentrations in oil:

NOTE Concentrations of furanic compounds such as 2-furfural are useful as a measurement of the degradation of
cellulose tested in the oil.

6.4 End-point testing

The diagnostic test of the solid samples shall be selected according to 6.3, for example, from
among the following:
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e tensile strength;

e compression strength;

e degree of polymerization;
e solid dielectric strength;

e dielectric strength of enamel coated wires.

The end-point criteria may be established for each diagnostic test with suitable justification as
reported in Clause 7.

6.5 Simplified one-point test

A simplified single point ageing can also be conducted for the purpose of quality control,
minor product changes or for screening prior to a full three-point evaluation. The procedure
would be similar to that described for the three-point ageing, however in this case the
comparison to the reference EIS is conducted at the midpoint temperature of the reference
EIS test.

While a complete thermal index may not be determined based on such a single point test, this
test could be used to understand the expected capability of a proposed candidate EIS without
the time and effort of completing a full evaluation.

7 Analysis of data

71 End-point criteria
711 General

The criteria by which a test object is considered to have failed shall be fully defined prior to
the start of the test. An adequate test shall be included in the test period to detect when a
failure occurs, denoting end-of life for each test object. The use of more than one end-point
criterion will tend to make interpretation of the test results more difficult. It is recommended
that only one end-point criterion be used for each component in the test object (solid/liquid).

7.1.2 End-of-life of the solid component

The preferred end-point criterion for the solid insulation shall be degradation of the original
value of the selected mechanical property from 6.4 or the corresponding DP value in case of
paper. Other choices for end-point criterion are described in Table 1 of |JEC 60216-2:20081.
The end of life value for the candidate EIS shall be determined based on the test of the same
component in the reference EIS.

NOTE 1 This may not be valid for other materials, e.g enamel coated wires, where the end of life criteria of 80 %
retention of dielectric strength is expected. As there is limited experience with this method and enamel coated
wires, this number may be conservative, and with experience may be changed to a different number.

The total number of hours to end-of-life shall be recorded for the solid component in the test

object at each ageing temperature. The life (in hours) at each ageing temperature shall be
calculated according to |EC 60216-3.

7.1.3 Extrapolation of data

Linear regression analysis on the solid component data shall be carried out in_accordance
with [EC 60216-5. Interpretation of the analysis will be included according to JEC 60505.

7.2 Report

The report shall include all records, relevant details of the test, and analysis, including
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— reference to this technical specification,

— description of the EIS tested (reference and candidate EIS),

— ageing temperatures and ageing periods of each EIS,

— sealing gas and pressure used for evaluation,

— diagnostic tests and end-point criterion used for each EIS,

— detailed description of the test objects (including weight ratios),

— number of test objects at each temperature for each EIS,

— individual times to end-of-life for each component,

— mean log times to end-of-life for each ageing temperature, for each EIS.

Multiple point ageing tests shall also include

— regression line with log mean points, for the solid component,

— regression equation and coefficient of correlation for the solid component,
— EIS ATE and/or thermal class of the reference EIS solid component,

— EIS RTE and assigned thermal class of the candidate EIS solid component.
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Annex A
(informative)

Consideration of weight ratios

A.1 Examples of transformers leading to actual weight ratios in Table A.1

Table A.1 — Examples obtained from industry sources

Distribution transformers Power transformers — Power transformers —

Core form Shell form

Example Oil/solid ratio Example Oil/solid ratio Example Oil/solid ratio

Distribution 10,0 Large power 6,1 Large power 3,3

2 500 kVA 10,5 50 MVA 6,2

100 kVA 12,2 508 MVA 7,0

1600 kVA 12,6 20 MVA 7,5

NEMA MW 13,3 IEC 62332-1 7,6

1000 Std.

25 kVA 13,6 450 MVA 8,0

630 kVA 14,2 40 MVA 8,0

1 000 kVA 15,0 290 MVA 9,0

The above list of transformers contains examples obtained from industry sources. The values
in boldface are what were used to make up Table 1 in 5.2. The values in boldface are close to
the average of the values from which they are listed and are also close to the median value.
Additionally, these values are also used already in other similar industry test methods.

A.2 Calculation of core steel surface ratios

Subclause 5.3.5 describes the need to specify the surface area of the core steel to be
included in the sealed tube testing. The core steel surface area may impact the aging process
of the insulation system. A wide range of transformers were surveyed (100 kVA to 400 MVA),
and this resulted in a broad range of ratios of core steel to insulating liquid. Using Table A.2
below (taken from Table A.1 of IEC TS 62332-1:2011), a calculated surface area of 9,6 cm?
was obtained for power transformers. The calculated ratio of 12,6 is lower than the data
submitted (ranging from 15 cm to 60 cm2/kg of fluid), but is used to be consistent with IEC
TS 62332-1.

Table A.2 — Examples of component volume ratio calculations

Component Materials Reference Reference Candidate
(ratio) (units) transformer model model
(cellulose) (hybrid)
A Hot insulation volume (cm?3) 269 000 155 165
B Low temperature insulation volume (cm?3) 683 000 373 373
C Mineral oil volume (cm?3) 8 325 000 3270 3270
D Core surface area (cm?) 128 000 69,7 69,7
(B/A) Low temperature insulation/hot insulation 2,54 2,41 2,26
(B/C) Low temperature insulation/liquid 0,082 0,114 0,114
(A/C) Hot insulation/liquid 0,032 0,048 0,050
(B/D) Low temperature insulation/core area 5,34 5,36 5,36
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A.3 Calculation of copper components of test

A.3.1 Wire enamel samples

Prepare 5 wire samples as described in of heavy film-coated wire sized from
1,00 mm to 1,12 mm. This will be the volume of wire samples for all tests. For equipment
where a high volume of wire enamel is used, more than 5 samples can be included in the test,
but only 5 samples need to be tested electrically.

NOTE It is impractical to include sufficient wire samples to represent the weight of copper present in the
transformer, as the ratio of copper weight to insulating fluid weight ranged from 0,40 to 0,70 in the example
transformers, which would have required 100 wire samples for the power transformer example. With a lower ratio of
enamel coated wire than is actually used in the transformer, the evaluation will look at negative effects of
degradation products from the solid insulation materials on the enamel and not vice versa.

A.3.2 Bare copper samples

Exposed bare copper is present in most liquid immersed transformer insulation systems,
either as foil in low voltage windings of distribution transformers or as leads in all types of
transformers. Paper wrapped copper windings are also present in many transformers. For this
reason, samples of bare copper should be present in this test set-up to address the potential
of copper to act as a catalyst in some degradation reactions. Surveyed values for copper area
to liquid weight showed a very large range of values, however most of the copper is covered.
To simplify the values in Table 1, the same volume of bare copper (9,6 cm?2) was selected for
each of the types of transformers as that selected for core surface area.
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Annex B
(informative)

Consideration of ageing time and temperature

As described in 6.2.2, 20,000 h as the ATE with a HIC of 6 K was chosen as a basis for aging.
This is very close to life assumption in the loading guide . For non-upgraded Kraft
papers, the HIC is assigned as 6 K and normal life depends on the conditions (moisture,
access to oxygen, etc.). In the graph below, 150,000 h was used for this normal life at 98 °C.
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Figure B.1 — Reference EIS system
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Annex C
(informative)

Aging example
C.1 Reference system test

The values in Table C.1 are a fictitious example of the results from a test for the evaluation of
the reference system under the conditions described in Table 2. The listed values in this
table are provided as percentages. They could be the per cent retention of any of the values
of the parameters described in 6.3.2.

When conducting the aging experiments for the reference system, it would be advantageous
to test multiple parameters of the components of the reference EIS. Multiple end-of-life criteria
could then be available for comparison to the candidate EIS.

Table C.1 — Calculation of end-of-life criteria for comparative evaluation

Aging time Aging time Aging time
130 °C 145 °C 160 °C
Insulation system 3536 h 625 h 110 h
Reference EIS Test one % 43,3 44,0 42,4
Test two % 47,0 46,5 38,0
Test three % 45,3 35,0 45,6
Average result 43,01 %

C.2 Candidate system test

Once the end-of-life criteria for the test program has been determined for the reference EIS,
then the aging of the candidate system can be conducted. Of course, both sets of aging can
be conducted concurrently, but the full analysis of the candidate system is not possible until
the end-of-life criteria has been established. As was described in 6.2.3, the expected thermal
class for the candidate system is identified, and then by using Table 3, the aging program can
proceed. Table C.2 is a made up example of such an experiment, for a candidate EIS
expected to qualify as a 130 °C thermal class.
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Table C.2 — Example of aging experiment

Aging tests
Temperature Time Tensile strength
°C h %
180 100 80
180 200 65
180 300 45
180 400 30
165 500 85
165 1000 70
165 1500 53
165 2 000 40
150 2 000 90
150 4 000 72
150 6 000 55
150 8 000 42

With this aging data, the time temperature plots for the candidate can then be obtained.
Figure C.1 shows the plot for the above example for 165 °C.
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Figure C.1 — Example of aging result at a temperature of 165 °C

Finally, using the equation generated from the aging experiment for each temperature, the
hours to reach the targeted end-of-life criteria determined from the Reference EIS test
(43,01 % from the example in Table C.1). The value calculated for the 165 °C example from
Figure C.1is 1 880,2 h, With the complete set of test data, three times are calculated from the
aging daa in Table C.2. These can then be plotted as shown in Figure C.2.
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Figure C.2 — Aging life curve

The life equation can then be used to calculate the EIS RTE. For this example, the candidate
insulation system is rated for 142,5 °C for 20 000 h. This would then exceed the thermal
class of 140 °C, but not meet the thermal class of 155 °C, so this candidate EIS would be
assigned a thermal class of 140 °C.



PD IEC TS 62332-2:2014
IEC TS 62332-2:2014 © IEC 2014 - 25—

Bibliography
EC 60076-8, Power transformers — Part 6: Reactors

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

EC 60076-14, Power transformers — Part 14: Design and application of liquid-immersed
power transformers using high-temperature insulation materials

EC 60641-2, Pressboard and press paper for electrical purposes — Part 2: Methods of tests

IEC 61857-1:2008, Electrical insulation systems — Procedures for thermal evaluation — Part 1:
General requirements — Low voltage

IEEE Standard 1276-1998, I[EEE Guide for Application of High-Temperature Insulation
Materials in Liquid-Immersed Power Transformers

ASTM D2307, Standard Test Method for Thermal Endurance of Film-Insulated Round Magnet
Wire

McNUTT, W.J., PROVOST, R.L. WHEARTY, R.J., Thermal life evaluation of high temperature
insulation systems and hybrid insulation systems in mineral oil, IEEE Paper 96WM 21-2
PWRD, IEEE PES Winter Power Meeting, 1996

NEMA MW1000, Magnet Wire

WICKS, R., BATES, L., MAREK, R., PREVOST, T., Dual-Temperature Model Aging of
Insulation Systems for Liquid-Immersed Transformers, 76t Annual International Doble Client
Conference, April 2009

WICKS, R., Insulation Systems for Liquid-Immersed Transformers — New Materials Require
New Methods for Evaluation, Proceedings Electrical Insulation Conference pp348-358, June
2009



http://dx.doi.org/10.3403/30133868U
http://dx.doi.org/10.3403/30113968U
http://dx.doi.org/10.3403/30263869U
http://dx.doi.org/10.3403/00755230U
http://dx.doi.org/10.3403/30177751

This page deliberately left blank



This page deliberately left blank



NO COPYING WITHOUT BSI PERMISSION EXCEPT AS PERMITTED BY COPYRIGHT LAW

British Standards Institution (BSI)

BSI is the national body responsible for preparing British Standards and other
standards-related publications, information and services.

BSI is incorporated by Royal Charter. British Standards and other standardization
products are published by BSI Standards Limited.

About us

We bring together business, industry, government, consumers, innovators
and others to shape their combined experience and expertise into standards
-based solutions.

The knowledge embodied in our standards has been carefully assembled in
a dependable format and refined through our open consultation process.
Organizations of all sizes and across all sectors choose standards to help
them achieve their goals.

Information on standards

We can provide you with the knowledge that your organization needs
to succeed. Find out more about British Standards by visiting our website at
bsiaroun.com/standards or contacting our Customer Services team or

Knowledge Centre.

Buying standards

You can buy and download PDF versions of BSI publications, including British
and adopted European and international standards, through our website at
bsiaroun.com/shop, where hard copies can also be purchased.

If you need international and foreign standards from other Standards Development
Organizations, hard copies can be ordered from our Customer Services team.

Subscriptions

Our range of subscription services are designed to make using standards
easier for you. For further information on our subscription products go to
bsiaroun.com/subscrintions.

With British Standards Online (BSOL) you'll have instant access to over 55,000
British and adopted European and international standards from your desktop.

It's available 24/7 and is refreshed daily so you'll always be up to date.

You can keep in touch with standards developments and receive substantial
discounts on the purchase price of standards, both in single copy and subscription
format, by becoming a BSI Subscribing Member.

PLUS is an updating service exclusive to BSI Subscribing Members. You will
automatically receive the latest hard copy of your standards when they're

revised or replaced.

To find out more about becoming a BSI Subscribing Member and the benefits

of membership, please visit bsiaroun.com/shop.

With a Multi-User Network Licence (MUNL) you are able to host standards
publications on your intranet. Licences can cover as few or as many users as you
wish. With updates supplied as soon as they're available, you can be sure your
documentation is current. For further information, email bsmusales@bsigroup.com.

BSI Group Headquarters
389 Chiswick High Road London W4 4AL UK

bsi.

Revisions
Our British Standards and other publications are updated by amendment or revision.
We continually improve the quality of our products and services to benefit your

business. If you find an inaccuracy or ambiguity within a British Standard or other
BSI publication please inform the Knowledge Centre.

Copyright

All the data, software and documentation set out in all British Standards and
other BSI publications are the property of and copyrighted by BSI, or some person
or entity that owns copyright in the information used (such as the international
standardization bodies) and has formally licensed such information to BSI for
commercial publication and use. Except as permitted under the Copyright, Designs
and Patents Act 1988 no extract may be reproduced, stored in a retrieval system
or transmitted in any form or by any means — electronic, photocopying, recording
or otherwise — without prior written permission from BSI. Details and advice can
be obtained from the Copyright & Licensing Department.

Useful Contacts:

Customer Services

Tel: +44 845 086 9001

Email (orders): orders@bsigroup.com
Email (enquiries): cservices@bsigroup.com

Subscriptions
Tel: +44 845 086 9001
Email: subscriptions@bsigroup.com

Knowledge Centre
Tel: +44 20 8996 7004
Email: knowledgecentre@bsigroup.com

Copyright & Licensing
Tel: +44 20 8996 7070
Email: copyright@bsigroup.com

..making excellence a habit’


www.bsigroup.com/standards
www.bsigroup.com/shop
www.bsigroup.com/shop
www.bsigroup.com/subscriptions

	iec62332-2{ed1.0}b.pdf
	English 
	CONTENTS
	FOREWORD
	INTRODUCTION
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Thermal ageing test apparatus
	4.1 General description
	4.2 Sealed tubes
	4.3 Gas blanketing system
	4.4 Pressure relief system
	4.5 Ageing ovens

	5 Construction of the test object
	5.1 General
	5.2 Determination of component weights
	5.3 Test object
	5.3.1 Conductor insulation
	5.3.2 Other solid insulation components
	5.3.3 Liquid component
	5.3.4 Structural components
	5.3.5 Other components


	6 Test procedures
	6.1 General
	6.2 Preparation of the test objects
	6.2.1 General
	6.2.2 Reference test object
	6.2.3 Candidate test object

	6.3 Diagnostic tests
	6.3.1 General
	6.3.2 Solid insulation
	6.3.3 Liquid insulation

	6.4 End-point testing
	6.5 Simplified one-point test

	7 Analysis of data
	7.1 End-point criteria
	7.1.1 General
	7.1.2 End-of-life of the solid component
	7.1.3 Extrapolation of data

	7.2 Report

	Annex A  (informative)  Consideration of weight ratios
	A.1 Examples of transformers leading to actual weight ratios in Table A.1
	A.2 Calculation of core steel surface ratios
	A.3 Calculation of copper components of test
	A.3.1 Wire enamel samples
	A.3.2 Bare copper samples


	Annex B  (informative)  Consideration of ageing time and temperature
	Annex C  (informative)  Aging example
	C.1 Reference system test
	C.2 Candidate system test

	Bibliography
	Figures
	Figure 1 – Sealed tube example
	Figure B.1 – Reference EIS system
	Figure C.1 – Example of aging result at a temperature of 165€°C
	Figure C.2 – Aging life curve

	Tables
	Table 1 – Reference component weight ratio calculations
	Table 2 – Reference EIS ageing conditions and candidate EIS ageing temperatures
	Table 3 – Recommended ageing temperatures and periods for expected thermal class
	Table A.1 – Examples obtained from industry sources
	Table A.2 – Examples of component volume ratio calculations
	Table C.1 – Calculation of end-of-life criteria for comparative evaluation
	Table C.2 – Example of aging experiment


	Français
	SOMMAIRE
	AVANT-PROPOS
	INTRODUCTION
	1 Domaine d'application
	2 Références normatives
	3 Termes et définitions
	4 Appareillage d’essai pour le vieillissement thermique
	4.1 Description générale
	4.2 Tubes scellés
	4.3 Système de coussins de gaz
	4.4 Système de surpression
	4.5 Étuves de vieillissement

	5 Construction de l’éprouvette
	5.1 Généralités
	5.2 Détermination des masses des composants
	5.3 Éprouvette
	5.3.1 Isolation des conducteurs
	5.3.2 Autres composants d'isolation solide
	5.3.3 Composant liquide
	5.3.4 Composants structurels
	5.3.5 Autres composants


	6 Procédures d’essai
	6.1 Généralités
	6.2 Préparation des éprouvettes
	6.2.1 Généralités
	6.2.2 Éprouvette de référence
	6.2.3 Éprouvette candidate

	6.3 Essais de diagnostic
	6.3.1 Généralités
	6.3.2 Isolation solide
	6.3.3 Isolation liquide

	6.4 Essai de fin de vie
	6.5 Essai simplifié en un point

	7 Analyse des données
	7.1 Critères de fin de vie
	7.1.1 Généralités
	7.1.2 Fin de vie du composant solide
	7.1.3 Extrapolation des données

	7.2 Rapport

	Annexe A  (informative)  Prise en compte des rapports de masse
	A.1 Exemples de transformateurs conduisant aux rapports de masse réels donnés dans le Tableau A.1
	A.2 Calcul des rapports de surface de circuit magnétique
	A.3 Calcul des composants de cuivre pour essai
	A.3.1 Échantillons de fils émaillés
	A.3.2 Échantillons de cuivre nu


	Annexe B  (informative)  Prise en compte de la durée et de la température de vieillissement
	Annexe C  (informative)  Exemple de vieillissement
	C.1 Essai du système de référence
	C.2 Essai du système candidat

	Bibliographie
	Figures
	Figure 1 – Exemple de tube scellé
	Figure B.1 – Système SIE de référence 
	Figure C.1 – Exemple de résultat de vieillissement pour une température de 165€°C
	Figure C.2 – Courbe de durée de vie de vieillissement

	Tableaux
	Tableau 1 – Calculs du rapport des masses des composants de référence
	Tableau 2 – Conditions de vieillissement du SIE de référence et températures de vieillissement du SIE candidat
	Tableau 3 – Températures et périodes de vieillissement recommandées pour la classe thermique attendue
	Tableau A.1 – Exemples obtenus à partir de sources industrielles
	Tableau A.2 – Exemples de calculs des rapports de volume des composants
	Tableau C.1 – Calcul des critères de fin de vie pour une évaluation comparative
	Tableau C.2 – Exemple d'expérience de vieillissement





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




