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9)

INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATION SYSTEMS -
PROCEDURES FOR THERMAL EVALUATION -

Part 33: Multifactor evaluation with increased ageing factors
at elevated temperature

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.

International Standard IEC 61857-33 has been prepared by IEC technical committee 112: Evaluation
and qualification of electrical insulating materials and systems.

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

FDIS Report on voting
112/XXX/FDIS 112/XXX/RVD

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

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

A list of all parts in the IEC 61857 series, published under the general title Electrical insulation systems
— Procedures for thermal evaluation, can be found on the IEC website.
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128 The committee has decided that the contents of this document will remain unchanged until the stability
129  date indicated on the IEC website under "http://webstore.iec.ch" in the data related to the specific
130 document. At this date, the document will be
131 e reconfirmed,
132 e withdrawn,
133 e replaced by a revised edition, or

134 e amended.

135
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

Accelerated thermal ageing of an electrical insulation system (EIS) is intended to evaluate the thermal
classification of the EIS. Many applications need to include the evaluation of other ageing stresses in
addition to the thermal stress.

IEC 60505 provides four categories of ageing stresses which influence the performance of products in
use under a wide range of operating conditions. In IEC 60505 the stresses are presented as thermal (T),
electrical (E), environmental (E) and mechanical (M). In this part of IEC 61857, environmental (E) is
replaced with ambient (A) to avoid the confusion of having two stresses represented by the same letter.
In this part of IEC 61857-33 the stresses are therefore presented as thermal (T), electrical (E),
ambient/environmental (A) and mechanical (M).

This document follows the structure presented in the Scope of IEC 60505, the evaluation of either
thermal, electrical, ambient/environmental, mechanical or combination of these as multifactor stresses.

In order to determine the thermal endurance of an EIS, ageing tests are carried out in accordance with
the selected test method of IEC TR 61857-2. To obtain the results within reasonable time these tests
are performed at several temperatures considerably higher than the normal service temperature. This
document deals with testing where the test objects are exposed to other possible ageing stresses, such
as E, A, and/or M in combination with T.

Both the reference EIS and the candidate EIS undergo thermal ageing at three or more elevated
temperatures. In this document the examples use three ageing temperatures of high, middle, and low.
A total of three sets of test objects for the reference EIS plus a total of three sets of test objects for the
candidate EIS are used in comparisons. The preferred number of test objects per set is provided in the
selected EIS test method from IEC TR 61857-2.

This document provides the structure for the evaluation of one or more of the three additional stresses
E, A and M in combination with T by direct comparison to the baseline established by T. Without the
baseline, analysis of the influence of the additional factors is limited.

A test is performed with thermal stress as the only ageing factor. Similar tests are then performed with
one or more of the other ageing factors E, A and/or M simultaneously added. Analyses of the results
are made to reveal the influence of the E, A and/or M factors.

While similar in their conception, IEC 61857-32 (Multifactor evaluation by diagnostic procedures) and
IEC 61857-33 (Multifactor evaluation with increased factors at elevated temperature) have different
structure and evaluation conditions. IEC 61857-32 uses thermal exposure as the only intended ageing
stress and applies additional stress(es) only during the diagnostic part of each test cycle. IEC 61857-
33 combines two or more ageing stresses and the combination of the stresses are applied continuously
throughout the ageing process. In other words, IEC 61857-32 uses additional diagnostic procedure(s)
and IEC 61857-33 uses additional ageing or stress exposure procedure(s).
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ELECTRICAL INSULATION SYSTEMS -
PROCEDURES FOR THERMAL EVALUATION -

Part 33: Multifactor evaluation with increased ageing factors
at elevated temperature

1 Scope

This part of IEC 61857 series is applicable to the evaluation of an EIS for applications where the
stresses of the application are a combination of the multifactor ageing stresses identified in IEC 60505.
The increased stress factors are expected to occur during operation at elevated temperatures.

This document establishes the procedure to evaluate the influence of stresses on the performance
established following the thermal classification of the EIS. The thermal classification is established in
Step 1 where the only ageing stress is thermal. The candidate EIS is first evaluated based on thermal
stress only. This evaluation is defined as the baseline of the candidate EIS. In Step 2, the evaluation of
the additional stresses applied at elevated temperatures provides the measurement needed to establish
the influence of the additional stress factors on the thermal performance of the baseline EIS established
in Step 1.

This document is about thermal endurance testing with one or more stresses added during the thermal
ageing process. It provides guidance regarding interpretation of the test results.

For performance requirements of any product designed and constructed using the EIS established in
accordance with this document refer to the appropriate IEC Technical Committee applicable to the
application.

This document is applicable to a range of established EIS test standards. IEC TR 61857-2 provides a list of
many established EIS test standards which cover low-voltage [up to 1kV a.c.] and high-voltage [above 1kV a.c.].
The use of 1kV as the transition voltage point between low-voltage and high-voltage can be found in standards
such as IEC TC 17 High-voltage switchgear and control gear.

2 Normative references

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

IEC 60505, Evaluation and qualification of electrical insulation systems

IEC TR 61857-2, Electrical insulation systems — Procedures for thermal evaluation — Part 2: Selection
of the appropriate test method for evaluation and classification of electrical insulation systems

IEC 61858-1, Electrical insulation systems — Thermal evaluation of modifications to an established
electrical insulation system (EIS) — Part 1:_Wire-wound winding EIS

3 Terms and definitions
For the purposes of this document, the terms and definitions given in IEC 60505 and the following apply.
ISO and IEC maintain terminological databases for use in standardization at the following addresses:

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

e |ISO Online browsing platform: available at http://www.iso.org/obp
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31

reference EIS

an established EIS evaluated on the base of either a known service experience record or a known

comparative functional evaluation
Note to entry: Refer to IEC 60505

3.2
thermal classification of the reference EISgy

established thermal classification of the reference EIS where the thermal index value of the reference
EIS is used to establish the correlation time needed to calculate the thermal index value of the candidate
EIS

3.3
thermal candidate ElScr
EIS under evaluation to determine its service capability with regard to thermal stress

3.4
thermal classification of the candidate EISc¢

assigned thermal classification of the candidate EIS based on the comparison to the reference EIS
represented as the temperature coordinate of the time/temperature graph when the time coordinate of
the intercept is the value of the correlation time

3.5

Baseline EISt

the designated candidate EIS after completion of the thermal classification and used to evaluate the
influence of additional stresses

3.6

Multifactor candidate EISyy

EIS under evaluation to determine its service capability with regard to thermal stress in combination
with electrical, ambient/environmental, or mechanical stress(es), where “X” is replaced with E for
electrical, A for environmental/ambient or M for mechanical)

3.7
5-degree uncertainty criterion

When two sets of ageing test results are within £5 K of each other the analysis of the test results
cannot distinguish a significant difference in long-term endurance of the EIS.

3.8

EIS assessed thermal endurance index EIS ATE

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

3.9

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

4 Procedure

Figure 1 shows an overview of the two steps of the evaluation procedure starting with the established
thermal classification of the reference system EISgt and including the additional ageing influences (E,

A, M) at elevated temperature of the candidate system EIS.t.
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; —_— Electrical (E)
Reference Baseline
EISRT — EISt
Thermal (T) Thermal (T) Environment /
ambient (A)
Mechanical (M)
= Step 1 > ~——Step 22—

IEC

Figure 1 — Overview of the two-step evaluation procedure

The thermal classification of the baseline EIS is established in Step 1. It is derived from the reference
EIS for which test data and experience exist.

Step 2 evaluates only the influence of one or more other stresses (E, A, and/or M) in combination with
T but cannot alter or change the thermal classification of the baseline candidate EISt; this procedure

only evaluates the influence of the multifactor stress combination.

Further detail is provided in IEC TR 61857-2 with examples provided in 6.1 of the standard and Annex
E of this document.

5 Test objects

Both the reference EIS and the candidate EIS undergo thermal ageing at three or more elevated
temperatures. The examples in this document use three ageing temperatures of high, middle, and low.
A total of three sets of test objects for the reference EIS plus a total of three sets of test objects for the
candidate EIS are used in the examples. Test objects shall be in accordance with the test method
selected from IEC TR 61857-2.

The design of the sets of test objects shall be in accordance with the test method selected. When part
of the evaluation is to compare processing or alternate designs of the same functioning product, the
modifications of the design or processing shall be part of the multifactor test object construction with all
modifications documented in the report.

The preferred number of test objects is contained in individual test methods in IEC TR 61857-2.
6 EIS evaluation

6.1 Selection of the appropriate EIS test method

The EIS being evaluated is referred to as the candidate EIS until completion of the thermal classification.
Once the thermal classification has been established the candidate is described as the baseline EIS.

IEC TR 61857-2 provides a list of EIS test methods covering a range of applications. Selection of the
EIS test method should be based on the most appropriate match to the application.

EXAMPLE 1 The application is for form-wound motors with an operating voltage of 4,2 kV. An appropriate EIS test method to
establish the thermal classification is IEC 60034-18-31.

EXAMPLE 2 The application is for an encapsulated low-voltage motor. An appropriate EIS test method to establish the thermal
classification is IEC 61857-22.

EXAMPLE 3 The application is for oil immersed transformers. An appropriate EIS test method is either IEC TS 62332-1 or
IEC TS 62332-2 depending on the selection of time and test object.

EXAMPLE 4 The application is for form-wound generators when the influence of mechanical (M) stress in the endurance of the
EIS is of interest. An appropriate EIS test method is IEC 60034-18-34, a thermomechanical test.
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6.2 Comparison of the reference and candidate EIS

The reference EIS and candidate EIS shall be evaluated using the same test method, ageing cycle,
conditioning, and diagnostic testing. The end-point criterion of the reference and candidate shall be the
same. This direct comparison is essential for analysis of the results. All sets of test objects of the
reference and candidate EIS shall be of the same design and construction unless the purpose of the
project is to evaluate design changes.

There is no requirement for the reference and candidate EIS to be expected to have the same thermal
classification since the thermal classification of the candidate EIS cannot be known until completion of
the thermal ageing. The thermal ageing shall continue in accordance with the guidelines of the selected
EIS test method until both the reference and candidate EIS have completed the thermal ageing.

In a situation where no established reference EIS can be identified, a preselected time coordinate, or
correlation time, is usable as the means to establish the thermal classification of the candidate EIS. The
preselected time coordinate, or correlation time, is based on the application in agreement with the users.

This process establishes only the thermal classification of the candidate.

With the completion of the thermal ageing, the candidate EIS becomes the baseline EIS needed to
evaluate the influence of the additional stresses.

6.3 Evaluation of the additional stresses E, A and/or M in combination with T

After the thermal classification is completed, the candidate EIS (EIScr) is defined as being the baseline
EIS (EIST). The influence of the additional factors is determined by the comparison of the endurance of
the combined stresses to the endurance of the baseline EIS (EISt). The evaluation as to an exposure
of any combined stresses uses the two levels of analysis presented in clause 9 that consists of the
analysis of the pattern in the mode(s) of insulation failure and the 5-degree uncertainty criterion in Annex
H.

6.4 Variation

To minimize possible variations between equipment, all sets of test objects are expected to be in the
same type of ageing chambers and conditioned using the same apparatus. When different sets of test
objects cannot be placed into the same ageing chambers or conditioned using the same apparatus, all
variations such as differences in ageing ovens uniformity, oven temperature stability, air change rate
differences between ageing ovens at the same ageing temperature, different vibration tables — if used,
different condensation chambers — if used, different electrical insulation apparatus, or any other
equipment or procedure used which is not the same shall be described and included in the test report.

7 lllustration of the structure — Thermal evaluation — Step 1

7.1 Establishing the baseline thermal classification

The thermal classification of the baseline is established when the thermal ageing of both the_reference
EIS and the candidate EIS have completed as determined in clause 6.1. The analysis of the candidate
test results is compared to the reference EIS; refer to

Figure 2. The reference EIS is used only to establish the thermal classification of what becomes the
baseline EIS.

Reference While under test

EIST = designated as
Candidate ElISct

l

Completion of thermal
evaluation of
Candidate ElIScTt




