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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATING MATERIALS -
THERMAL ENDURANCE PROPERTIES -

Part 5: Determination of-relative-thermal-endurance

FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp
national electrotechnical committees (IEC National Committees). The object of IEC is to_promote interng
-operation on all questions concerning standardization in the electrical and electronic fields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
blicly Available Specifications (PAS) and Guides (hereafter referred to as Y{EC Publication(s)”).

eparation is entrusted to technical committees; any IEC National Committee interésted in the subject dea
hy participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with .the International Organizati
landardization (ISO) in accordance with conditions determined by agreement-between the two organizati

e formal decisions or agreements of IEC on technical matters expres§ysas nearly as possible, an interng
nsensus of opinion on the relevant subjects since each technical\committee has representation frdg
erested IEC National Committees.

mmittees in that sense. While all reasonable efforts are~made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible{for the way in which they are used or fo
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in theirhrational and regional publications. Any divergence be
y IEC Publication and the corresponding national'or regional publication shall be clearly indicated in the

C itself does not provide any attestation ef“conformity. Independent certification bodies provide confi
sessment services and, in some areas,\access to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

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

liability shall attach to IEC or\its directors, employees, servants or agents including individual expertf
embers of its technical committees and IEC National Committees for any personal injury, property dama
penses arising out of_ the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to_the Normative references cited in this publication. Use of the referenced publicati
Hispensable for_the correct application of this publication.

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

\Lcommented version (CMV) of the official standard IEC 60216-5:2022 edition

al

rising
tional
d and
ports,
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t with
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bn for
ns.

tional
m all

C Publications have the form of recommendations for interndtional use and are accepted by IEC National

f IEC
r any

htions
ween
atter.

rmity
r any

5 and
ge or

her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees) and

r IEC

ns is

atent

4.0

s.\the user to identify the changes made to the previous IEC 60216-5:

008

edition 3.0. Furthermore, comments from IEC TC 112 experts are provided to explain the
reasons of the most relevant changes, or to clarify any part of the content.

A vertical bar appears in the margin wherever a change has been made. Additions are in
green text, deletions are in strikethrough red text. Experts' comments are identified by a
blue-background number. Mouse over a number to display a pop-up note with the
comment.

This publication contains the CMV and the official standard. The full list of comments is
available at the end of the CMV.


In the title as well as all occurrences of this document the term “relative thermal endurance (RTE)” is replaced. This emphasizes its material nature (index) and conceptual proximity to the Underwriters Laboratories standard UL 746B. In contrast, endurance properties should refer to electrical insulation systems (EIS).
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IEC 60216-5 has been prepared by IEC technical committee 112: Evaluation and qualification

of e

lectrical insulating materials and systems. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2008. This edition

con

stitutes a technical revision.

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

edit

ion:

a) Annex C “Computer program” has been completely reworked;

b) i

This| standard is to be read in conjunction with IEC 60216-1:2013, IEC 60216-2:2005

IEC

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

Full
the

The Janguage used for the development of this International Standard is English.

This

acc

at www.iec.ch/members_experts/refdocss\The main document types developed by IEG

des

A list of all parts in the IEC 60216 series, published under the general title Electrical insul
matgrials — Thermal endurance(properties, can be found on the IEC website.

The committee has decided that the contents of this document will remain unchanged unt
stabllity date indicated.,'on the IEC website under webstore.iec.ch in the data related tg

spe

I
r

50216-3:2021.

Draft Report on voting

112/582/FDIS 112/588/RVD

nformation on the voting for its approval can be foundxin'the report on voting indicat
gbove table.

drdance with ISO/IEC Directives, Part 1vand ISO/IEC Directives, IEC Supplement, avai

gribed in greater detail at www.iec.ch/standardsdev/publications.

dific document. At'this date, the document will be

—

bconfirmed

<

ithdrawn,

—

bplaced by a revised edition, or

e—their

and

bd in

document was drafted in accordance with ISO/IEC Directives, Part 2, and develop¢d in

able
are

hting

| the
the

damended

of

its contents. Users should therefore print this document using a colour printer.

IMPORTANT - The "colour inside” logo on the cover page of this document indicates
that it contains colours which are considered to be useful for the correct understanding
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ELECTRICAL INSULATING MATERIALS -
THERMAL ENDURANCE PROPERTIES -

Part 5: Determination of-relative-thermal-endurance

index{(RTE) relative temperature index (RTI) of an insulating material

1

This

anpn

part of IEC 60216 specifies the experimental and calculation procedures to béetuse

deri\ing the relative-thermal-endurance temperature index of a material from experimental

obta

ned in accordance with the instructions of IEC 60216-1 and IEC 60216-2. The calcul

procedures are supplementary to those of IEC 60216-3.

Guidance is also given for assessment of thermal ageing after a ®ingle fixed time
temperature, without extrapolation.

The
or p

experimental data-may can |2 in principle be obtained usifng destructive, non-destru
oof tests, although destructive tests have been much more extensively employed.

d for
data
htion

and

ctive
Data

obtalned from non-destructive or proof tests-may can | 3 be¥censored”, in that measurement of

time
time

but before all specimens have reached end-pointi(see IEC 60216-1).

Guidance is given for preliminary assignment of;a thermal class for an electrical insul
matgrial (EIM) ' 5, based upon the thermal ageing performance.

Whil

b the thermal classification of an EllMJis not directly related to the thermal classificati

5 taken to reach the endpoint-may | 4 have been terminated at some point after the mgdian

hting

bn of

an electrical insulation system (EIS),.fve thermal classification of an EIS follows the dame
congepts as presented in this part of"the 60216 series. |6 The calculation procedures of this

stan

Hard apply to the determination-of the thermal class of an EIS when the thermal stre

the grevailing ageing factor.

2

The

Normative references

following documents are referred to in the text in such a way that some or all of their co

ks is

htent

constitutes requirements of this document. For dated references, only the edition cited applies.

For
ame

IEC
Part

undated-references, the latest edition of the referenced document (including
hdments)-applies.

b0216-1:20042013 | 7, Electrical insulating materials — Thermal endurance propert

any

I Agelng proceaures and evaluation or teSt reSuits

IEC 60216-2:2005 |8, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of test
criteria

IEC
Part

60216-3:20062021 |9, Electrical insulating materials — Thermal endurance properties —

3: Instructions for calculating thermal endurance characteristics


It means an option, not permission.

It means an option, not permission.

It means an option, not permission.

This clarifies the term.

This further clarifies the relationship between EIM and EIS testing.

Update: the current edition was published 2013.

This clarifies the referenced edition.

Update: the current edition was published 2021 preceding the work on this document. Both parts are supplemented by the same computer program.

https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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3 Terms, definitions, symbols and units-and-abbreviations 10

3.1 Terms;-abbreviations; and definitions

For the purposes of this document, the following terms and definitions,—symbels;—units—and
abbreviated-terms apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

e |EC Electropedia: available at https://www.electropedia.ora/

e |BO Online browsing platform: available at https://www.iso.org/obp 11

solidlor fluid with nealiaiblvlow electric conductivitvy_or a simnle combination-of such matetials
SOHGHOHtHE-WHRHHREe gHgHoy1oW-e1e CtHC-CORGUCHHVRY O a-SHMPe-COMBDRat - O+ SUCH-MateHanS;
used to senarate caonductina narte at differant eleetriecal notential in electrotechniecal deviecbs
HSE1t0-Separate CoORGUCHRgpPartSat GHtereht e e CtiCatpote it H—E € GH et ECHHCA T GEVICES

matgrial of low electric conductivity, used to separate conducting~parts at different elgctric
poteptials or to isolate such parts from the surroundings 12

Ell“vl
3.1.2
assgssed temperature index
ATI
numerical value of the temperature index in degrees Celsius of the reference EIM
Note [l to entry: The value ofithe’ ATl can vary between applications for the same material. 13
3.1.3
candidate EIM
matdrial for which“an estimate of the thermal endurance is required to be determined
Note [l to entry:® The determination is made by simultaneous thermal ageing of the material and a reference EIM.

3.1.4
reference EIM

material with known thermal endurance;preferably (derived from service experience or previous
RTI or Tl evaluation) 14, used as a reference for comparative tests with the candidate EIM

3.1.5

central second moment of a data group

sum of the squares of the differences between the data values and the value of the group mean
divided by the number of data in the group

3.1.6
correlation time for RTI 15
estimated time to endpoint of the reference EIM at a temperature equal to its-assessed-thermal

endurance{ATE)} ATl in degrees Celsius



https://www.electropedia.org/
https://www.iso.org/obp
Abbreviations are part of some of the term definitions but are not used independently.

This paragraph references availability of new online resources for terminology.

Reworded for clarification. However, the intended target group of materials to be considered an EIM should remain the same.

Reworded for clarification and to emphasize its affiliation to materials not systems like EIS. All occurrences of ATE are replaced by ATI.

Reworded for clarification and to mention a second source of information.

This tries to clarify, that the correlation time used for RTI is a property specific for the reference EIM and its ATI.

https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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3.1.7
degrees of freedom
number of data values minus the number of parameter values

3.1.8

stan

dard error

2022

standard error of an estimate of the true value of a data group property is the value of the
standard deviation of the hypothetical sampling population of which the group property-may can 16
be considered to be a member

of the

Note 1 to entry: For the group mean it is equal to the group standard deviation divided by the square root
numbgr of data in the group, and indicates the uncertainty in the true value of the mean.

Note P to entry: This standard is concerned only with means and the difference between two.-means| (see
Clause A.3).

3.1.9

standard deviation

squdre root of the variance of a data group or sub-group

3.1.10

relafive temperature index
RTI
dete

3.1.11

'mined by test in relation to the thermal{performance of a known reference EIM A7

variance of a data group

sum
para

Note
parani

3.2

of the squares of the deviations of the data from a reference level defined by one or
meters, divided by the number of degrees of freedom

eters, in this document;-the slope and the intercept with the y axis).

Symbols and.units

EIM

EIM

nore

to entry: The reference-level-may can 18, for example, be a mean value (1 parameter) or a lihe (2

Regression coefficient (y-intercept) of thermal endurance equation for reference

Regression coefficient (y-intercept) of thermal endurance equation for candidate

Regression coefficient (slope) of thermal endurance equation for reference El

Regression coefficient (slope) of thermal endurance equation for candidate El

Variable for statistical analysis equal to 1/(9"' @0)

Variable for statistical analysis equal to In (r)

Ageing temperature in determination of-RTE RTI

@0 Temperature on Kelvin scale equal to 0 °C

M

M


It means an option, not permission.

Reworded for clarification and to emphasize its affiliation to materials not systems like EIS. All occurrences of RTE are replaced by RTI.

It means an option, not permission.

https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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Haa)

Ham)

Time to endpoint

Estimated time to endpoint of reference EIM at a temperature equal to-ATE ATI

(“correlation time”)

Central second moment of x values for reference EIM

Central second moment of x values for candidate EIM

Number of y values for reference EIM data

=1
w

| =

m

D e

Number of y values for candidate EIM data

Student’s ¢ distributed stochastic variable
Standard error of the difference of two means

Variance of y values for reference EIM data

Variance of y values for candidate EIM data

General mean of x-values for reference EIM data
General mean of x-values for candidate EIM«data
General mean of y-values for reference.EIM data
General mean of y-values for candidate EIM data
Temperature in degrees Celsius equal to-ATE ATI

Temperature in degrees Celsius equal to-RTE RTI

x value corresponding to HB
x value ‘corresponding to 9/.\
lcower confidence limit of 95

Lower confidence limit of ‘9A

x value corresponding to lower confidence limit of HB

x value corresponding to lower confidence limit of 9A

Lower confidence interval of 93

Lower confidence interval of 9/_\

Halving interval of candidate EIM at a time equal to 7¢

Variance associated with the difference between the mean y-values for the two

materials
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2

) Degrees of freedom of Sp

LA, LR Logarithms of the longest mean times to endpoint for materials A and B

b, Intermediate variable: adjusted value of b for calculation of temperature confidence
interval

Sy Intermediate variable: adjusted value of s for calculation of temperature confidence
interval

4 bjectives of RTE RTI determination

The pbjectives of the determination are as follows.

o exploit an assumed relationship between thermal endurance (with an‘appropriate test
riterion for ageing) and service performance, and to use this to predict a value for a
reliminary assessment of service temperature of a material for which;thére is relatively]little
sfervice experience (by comparison with a known reference EIM, see.Clauses 5 and 6)

19 In the majority of cases, this will involve extrapolationto-a longer time and/or Ipwer
temperature than in the experimental data. This extrapolation should be kept to a minimum
y appropriate choice of ageing temperatures and times since the uncertainty in the result
increases rapidly as the extrapolation is increased. ‘However, even when there is no
xtrapolation, the uncertainty is still finite, on account 'of the variances of the experimgntal
ata and experimental errors.

o improve the precision of a thermal endurance determination by reduction of systematic
rrors in the ageing process. If, after ageing,. the results for the reference EIM are found to
e significantly different from earlier experience, this may indicate changes in material or
quipment. This may be investigated and possibly corrected. In any case, the simultangous
geing of reference and candidate will “at least partially compensate for the systematic
hanges. Statistical procedures for use in assessing the significance of changes are given

Annex A.

c) To provide instructions for assigning a thermal class to an EIM.
5 Experimental procedures

5.1 Selection of reference EIM

The primary requirement for the reference EIM is that it has a known-thermal-endurance-ipdex
ATER) temperafure index (ATI) for the application under consideration. The-thermal-endurpnce
temgerature(index, if determined by an-RTE RTI procedure, is preferably supported by aftual
service experience (see Annex D).

The expected ageing mechani

the application.

5.2 Selection of diagnostic test for extent of ageing

The diagnostic test shall be one considered relevant to the application for which the-RTE RTI
is required. The same test shall be applied to both reference and candidate EIM.

5.3 Ageing procedures

The number and type of test specimens of each material and the ageing temperatures and times
shall be in accordance with the requirements of IEC 60216-1:2013, 5.3.2, 5.4 and the first
paragraph of 5.5. At each common 20 ageing temperature, the oven load shall comprise
appropriate numbers of test specimens of both materials in the same oven. The specimens shall
be evenly distributed in the oven so that there is likely to be no systematic difference between


This paragraph contains requirements and therefore is not just a note.

As described below, the standard allows an overlapping range of oven temperature for the two EIMs. This requirement only makes sense, for the common temperatures.

https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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the ageing conditions applied to the specimens of the two materials. It is important that test
specimens of both materials are aged simultaneously at a minimum of three temperatures to be
included in the calculations.

NOTE As an example, while the data represented in Figure 1 would be acceptable for analysis of the data
represented by Figure 2, the lowest temperature group of the candidate EIM and the highest temperature group of
the reference cannot be included, since in each case, the specimen group is made up of only one material or one of
the two materials did not reach the chosen end point within the test time.



https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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If, when ageing at the selected temperatures is completed, the results from either material do
not meet the requirements of criteria b) in 7.1 of this document, a further specimen group shall
be aged, within the same oven, at an appropriate temperature. This group shall again be

composed of the required number and type of specimens of each material.

6 On
D
(o)
-
B
A
RTE ATE
Temperature IEC 353/08
QB 9A
c
[0]
£
D
(]
-
B
A
RTI ATl
Temperature IEC

Key
A = reference EIM
B = candidate EIM
Figure 1 — Thermal endurance graphs 21


Figure replaced to update the terms RTE by RTI and ATE by ATI.

https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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o O
c
Q
£
D
o
-
B
A
RTE ATE
Temperature IEC 354/08
g O
c
[0}
E
()]
o
-
B
A
RTI ATI
Temperature [EC
Key
A = rdferencé EIM
B = candidate EIM
NOTE—The test Specimens of both materials are not aged simuitaneousty at a minimum of three temperatures.

Figure 2 — Unacceptable thermal endurance graphs 22

6 Calculation procedures

6.1 Thermal endurance data — Calculation of intermediate parameters

Calculation of the thermal endurance equations shall be made in accordance with the

instructions of IEC 60216-3.

The following input parameters as set out in Table 1 are needed for the calculations relevant to
RTE RTIl and should be recorded (each of the symbols may have either subscript A for reference

EIM or B for candidate EIM).



Figure replaced to update the terms RTE by RTI and ATE by ATI.
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Table 1 — Input parameters for the calculations concerning-RTE RTI

Parameter Symbol in Equation in Symbol in
IEC 60216-3 | IEC 60216-3 IEC 60216-5

Slope of regression line b (33) ba bg
Intercept of regression line a (34) an ag
Weighted mean of x values x (26) )TA fB
Central 2" moment of x values ,uf,(x) (31) Han) Ko
Weighted mean of y values y (27) )_}A TB
Variance of y values s2 (41) Sf\ Sé
Number of y values N (25) Pa g
Haling interval HIC (53) - HICg|,,
Lardest mean log time to endpoint i - [ 2FN Upg
Lowpr confidence limit of & I (50) ) OC
NOT[E If the calculations of IEC 60216-3 are performed by the recommended computer programme of Annex C|23,
subrputines-should-be-included-to-record-the-parameters-in-a-data-file-which-can-be recalled-for the purposgs-of
the-present calculations.—Alternatively, the values of O and Ooisy May be calculated directly in that program.

The fresult of the linearity test (IEC 60216-3:2021, 6.3.2) is also-needed necessary 24.

6.2 Calculation of RTE RTI

Calcplation of the coefficients ofxthe thermal endurance equations shall be made for [both
refenrence and candidate EIMsi-in accordance with the instructions of 6.1 and 6.2 of

IEC $0216-3:2021 (see 6.1(of this document). From these coefficients, the values of T¢|and
0g ghall be calculated as.below (see also Figure 1).

a) Hrom the regression coefficients of the reference EIM, calculate the time T¢ correspording
to its-ATE ALk

ba

" e ®

b) From the regression coefficients of the candidate EIM, calculate the temperature

corresponding to the time T¢:

The required-RTE RTI is equal to the value of ‘95 in degrees Celsius.


Updated to reflect features of the new computer program.

This clarifies a requirement.
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6.3 Statistical and numerical tests
6.3.1 Tests of IEC 60216-3

The statistical and numerical tests of IEC 60216-3 shall be carried out before the calculations
of this standard, and their results employed in compiling the report of 7.3.

6.3.2 Precision of correlation time

Where a reference EIM has been tested on a previous occasion, with the same diagnostic test

and-ATE ATI, the values of T¢ should be compared using the Student’s s-test for the difference

of to means. A significant difference may imply a change in the reference EIM itself, a~chfinge
in the oven equipment or a change in the test apparatus. The cause should be investigated and
reported.

Statijstical procedures for assessing the significance of differences between values are given in
Anngx A.

6.3.3 Lower confidence interval of RTE RTI

The |lower confidence limit of-RTE RTI is calculated from the“lower confidence limijs of
tempgerature estimates equal to & and 6g (IEC 60216-3:2024, 6.3.3 b), Equations (4p) to
(50)).
The Jower confidence limit of g, 9(;(8), is calculated@svin IEC 60216-3:2021, 6.3.3 b) for a|time

equgl to 7. and subtracted from 6g to give theiconfidence interval Ag.

N Y-y ts,
XL(B) ='Xg +w+b_ (3)
Y=Int, ; Xg=(Y-ag)lhs (4)
22
where b, =bg - (5)
b ty(g)
A 2
b, X -Xx
52 :sé(—www (6)
ka H2 () J
Where
t is the value of Student’s ¢ for ng degrees of freedom and a significance level of 0,05

(see Table B.3);

,Uz(B) is the central second moment of the x values:

(see IEC 60216-3:2021, 6.2.2 for details).
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The lower confidence limit of ‘9A , HC(A) is calculated as above for a time equal to T¢ and

subtracted from QA to give the confidence interval A,.

The lower confidence interval of-RFE RTI, Ag, is then equal to the “Pythagorean” (orthogonal)
vector sum of the above two intervals:

6.3.4

The
cand
valug

requ

7.1

The

(V)
~
—, = =

O
-
= D

(@]
~
e

inearity of thermal endurance relationships,and confidence intervals of Tl results of

Ag = (12 + A2

Extrapolation

pxtrapolation required to estimate the correlation time is calculated for beth referencg
idate EIMs as the difference between the logarithm of the correlation time“and the gre
e of the mean of the logarithms of the ageing times to endpoint (v, otzuR). The extrapol

red is the greater of these two values.

Results and report 25

Results of statistical and numerical tests

following criteria apply:

eference and candidate EIMs (see IEC 60216-3:2021, 6.3.2 and 6.3.3) which shall s§
ne requirements of IEC 60216-3, 7.3.1.and 7.3.2;

xtrapolation to the correlation time (s€e 6.3.4 above): the extrapolation, expressed a
atio of correlation time to greatestigeometric mean ageing time shall be less than 4;

wer confidence interval of RFE RTI (see 6.3.3 above): The value of AR shall be less
he halving interval (HICB(C)) of the candidate EIM at a time equal to the correlation time

EC 60216-3:2021, 7.1).

1 1
HICg, = s :
o

Ian/Z)—aB) (Inte —ag)

7.2

The

and
htest
Ation

both
tisfy

5 the

than
(see

—Results

results shall be determined from the calculations of 6.2 and 6.3.3 as follows.

a) If all three test criteria (see 7.1) are met, the result shall be the value of- RTE RTI. The result
shall be reported in the format: "RTE RTI according to IEC 60216-5 = xxx" rounded to one
full degree Celsius 26.

b) If one of the test criteria is not met, the result shall be the lower 95 % confidence limit of
RTE RTI. The result shall be reported in the format: "RTE RTI lower 95 % confidence limit

xxx" rounded to one full degree Celsius 27.

c) If two or more of the criteria are not met, a result in accordance with the requirements of
IEC 60216-5 cannot be reported. The result may be reported in the format:
"RTE RTI = xxx. (Result not validated by the statistical analysis)".


This clarifies the content of this clause.

Added a number rounding rule in line with IEC 60216-1:2013.

Added a number rounding rule in line with IEC 60216-1:2013.
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7.3

Report

The report shall comprise the following:

a) the result;
b) the identification of the reference EIM and its-ATE ATI (see Annex D);
c) the diagnostic test employed and the endpoint;

d) the thermal endurance reports according to IEC 60216-1 for the reference and candidate
EIMs;

e) the details of the failure of statistical validation for a result in category 7.2 c).

8
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In th
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Unle|
(see;
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perfq

material.

aterial testing by short-term thermal ageing

e is often a need for short-term thermal ageing tests on materials, e.g. to compare thg

ence EIM, or in quality reference testing of insulation containing anti-dxidant constitu
e ageing at the rated temperature of the material for a period of(a/few thousand H
| be employed.

interpretation of such tests can be quite difficult, particularlyif the ageing is at a s
erature, with property measurement after a single fixed<{ime. The absence of testin
bliance with a chemical kinetic model leads to a liability: to systematic errors cause
bment or material changes.

recommended that in such cases, a reference"EIM of similar type and rating as the
rial should be aged simultaneously and tested after the same time. A similar analyg

b are significant differences between

ne candidate EIM and the reference;EIM, or
ne current test values of the reference EIM and the historical values obtained on the g

s analysis, s12 and sg are the variances of the groups of property values after ageing 3

ss otherwise specified, the test for significant difference shall be made at a level of
- Table-B-1 _Fable B.2).

nificantudifferences are not found, it-may can 28 be assumed that the thermal endur
rmances of the two materials being compared are the same. If significant difference

emperature; y, and, y, are the means of these groups (see Equations (A.1) to (A.4)).

rmal

rmances of materials having slight chemical modifications with respect to a known

bnts,
ours

ngle
g for
d by

test
is to

of Annex A can then be applied to the two.sets of property values to establish whether

ame

t the

0,05

Ance
b are

foun

d\in/case a) above, it is likely that the performance of the candidate EIM will not b

the

same as that of the reference. If significant differences are found In case b) above, then it is
likely that the ageing conditions differ in some way from those originally employed: they should
be investigated, and the cause established.

9 |

nsulation classification

When required, the candidate EIM may be assigned to an insulation thermal class in accordance

with

Annex B, Table B.1.


It means an option, not permission.
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Annex A
(informative)

Repeatability of correlation time

Overview

Where a reference EIM has been tested on a previous occasion, the values of z, should be
compared. A significant difference-may can 29 imply a change in the reference EIM itself, or

posdibly a change in the oven equipment or a change in the test apparatus. The cause sh
be investigated and reported.

The
proc

valugs 3, and y, are the logarithms of the two values of correlation time.

A.2

The

(s12 gnd sg) shall be calculated in accordance with the instréctions of IEC 60216-3:2021 [6

Equation (41) or (42)]. Their ratio is then tested for lineatity’i.e. equality of the variances b
F-test on a significance level of 0,05 with degrees_of freedom n4-2 and n,-2 (see—ablg

Tabl

NOTH The symbols 512 and s3 here refer to the estimates of variance for the material on occasions 1 and 2,
not to[ the within and between classes as given in IEC\60216-3:2021, Equations (41) and (42).

A3

The

significantly different:

comparison is made using the Student's r-test for the difference of two rheans, by
edures below. The suffixes 1 and 2 refer to the two sets of data. In the\equations

F-test for-equality-of variances linearity 30

variances of the y-values for the reference EIMs in the presént and previous determina

e B.2).

2

Standard error of the difference of two means

values of variance are combined using Equations (A.1) and (A.2) if the values are

s =

fnotsf (1) 1, 1)

(”1"‘”2_2) ”1+”2

ould

the
the

ions
.3.2,

y the
B4

and

not

A1)

A.2)

If the values of variance are significantly different, then Equations (A.3) and (A.4) shall be used.
In this case the value np may not be an integer. The nearest integer (rounded up or down as

appr

opriate) shall then be employed in subsequent calculations.

nq Ny

(A.3)


It means an option, not permission.

Correction/clarification: the F-test is a linearity test, that basically compares two different types of variances (s12 and s22 ). Details are given in IEC 60216-3:2021 and even more fundamentally in IEC 60493-1:2011, Annex A.
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The
mea

(A.4)

square root of the value of s2 is the standard error, s, of the difference of the general

ns of the y-values.

NOTH When the values of n, and n, are equal, Equations (A.1) and (A.3) become identical.

A.4

Whe

Student’s #-test for difference of two means

h two estimates of a mean value (which in this case includes estimates by linear regres

are ¢btained from separate sets of data and the true values are expected to be the same,
equdlity may be tested by the Student’s s-test. The principle of this test is to calculate the

of th
of th
stan

The

The

grea
is co

jard error calculated.

value of ¢ is the ratio of the difference of the means to the standard error:

(7129,)

Vb

=

ter than the value for a significance level of 0,05 given inFable-B-2 Table B.3, the differ
nsidered to be significant and its cause should be investigated.

For the purposes of/6:3:2, in the calculations of Equations (A.1) to (A.5), the values of S12 a

are ¢

btained using.Equation (45) of IEC 60216-3:2021, 6.3.3, which is:

5ion)
their
ratio

difference of the mean estimates to the standard error of-this difference. The variahces
e two data sets are combined in the same way as the #ariances in Clause A.3 ang the

A.5)

associated number of degrees-of freedom is ny or the nearest integer. If the value df ¢ is

ence

2
nd 55

312 :‘N s;zz

and Sg = ‘N S;Z/ )

1

The values of y, and ), are the logarithms of the two values of .

(A.6)
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A.5 Combination of data

If the two results for correlation time and the two values of variance are not significantly

different, a more precise estimate of the logarithm of correlation time may be obtained by
merging the two sets of data:

(171 +n272)

y =
("1+”2)

(A7)

2 _ S12("1—1)+S§(”2_1)
(n1+n2—2)

(A.8)



https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9

IEC 60216-5:2022 CMV © IEC 2022

— 21 -

Annex B
(informative)

Thermal class assignment

Table B.1 relates the thermal class assignment, when required, to the value of-ATE/RTE
ATI/RTI, in accordance with IEC 60085.

Table B.1 — Thermal class equivalents for insulating material

Tabl
and

NOTH
than

The
num

The
rows

ATE/RTE ATI/RTI Thermal class Letter designation
°C °C
290 <105 90 Y
2105 <120 105 A
2120 <130 120 E
2130 <155 130 B
2155 <180 155 F
2180 <200 180 H
2200 <220 200 N
2220 <250 220 R
2250 <275 250
a8 If desired, the letter designation may be added in parentheses, e.g. Class 180
(H). Where space is a factor, such as on-asnameplate, the product TC may elect
to use only the letter designation.
b Designations of thermal classes oyef@50 shall increase by increments of 25 and
be designated accordingly.

D,005.

he tabulated value.

the significance level (p).

NOTH

B.2 and Table B.3 give the yalues of F and of Student’s ¢ for significance levels of

1 The significance, p, is equal to 1-P, where P is the probability of the stochastic variable (F or ¢) bein

columns of the-FE_table (Table B.2) represent the number of degrees of freedom o
erator and the rows the number of degrees of freedom of the denominator.

0,05

) less

f the

columns of the ¢ table (Table B.3) represent the number of degrees of freedom ang the

2\"The tables include significance levels of 0,05 and 0,005 in case they-should are needed at any tine-be

needed. For present purposes, the 0,005 values-may can be deleted, but they are on record for future use.
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Annex C
(informative)
Computer program
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One of the main reasons for the publication of new editions of IEC 60216 parts -3, -5, -6 was the replacement of an outdated supplementing computer program. The use of such a program was and still is optional. However, the old program relied on MS-DOS and MS Quick Basic 4.5, both of which run on 16-bit computers and are no longer available.
The new computer program is written in the programming language Java, for which run time environments for all modern PC operating systems exists. The compiled code as well as the source code are published under an open-source software licence and are available for free download as described in the entirely reworked Annex C.
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Non-regression variance of y-values: s

3

C.1. Overview ©

The program supplementing this document as well as IEC 6&{(}5—3:2021 and IEC 60216-6f—, is
written in the programming language Java®'! and makes-mse of the JavaFX technology for
graphical user interfaces. It is for use in conjunction wj Java Runtime Environment (JRE)
from| Oracle® in version 1.8.101 or later. T’ﬁ;E is available for download at

httpg://www.java.com/download for several opera\ systems?2 running on either 32-bit of 64-

bit cpmputers. N
QO

The | package itself is available s@‘g download from https://www.iec.ch/tq112/
supgortingdocuments 32. The downloa files are stored in the standard unencrypted| zip-
formpt. Such file archives can %@extracted with any zip tool, see for example
https://download.cnet.com/s/zip-too& :
b\

NOTH 1 All hyperlinks can be subje\iéﬁo change, which is not under control of the authors of this documeng.
The package consists of thecféllowing parts:

— (ompiled Java co@ nd 3rd party program libraries:
IEC60216

(main program)

°
m
(@)
()]
(@]

.exe (optional program launcher for Windows)

[ ]
5_.
-

mons-math3-3.6.1 (statistical functions)

o {féﬁoi-&ﬂ.jar (Import and Export in OOXML format (*.xIsx))

— Exampfedatafites
e Cenex3.dta — see IEC 60216-3:2021, Table D.1
e Test2.dta — see IEC 60216-3:2021, Table D.2
e N3.dst and N3_selected.xlsx — see IEC 60216-3:2021, Table D.3

e Control.dta — example reference EIM raw data (non-destructive test method)

Java® and Oracle® are registered trademarks of Oracle and/or its affiliates. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the products named.
Equivalent products may be used if they can be shown to lead to the same results.

Microsoft Windows®, Linux® and Apple macOS® are examples of suitable products available. This information
is given for the convenience of users of this document and does not constitute an endorsement by IEC of these
products.



https://www.java.com/download
https://www.iec.ch/tc112/%0bsupportingdocuments
https://www.iec.ch/tc112/%0bsupportingdocuments
https://download.cnet.com/s/zip-tools/
That is the important link for downloading the new computer program. It is planned but not implemented yet, to provide future program versions on GitHub, see https://github.com/iec60216.
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e Candidate.dta — example candidate EIM raw data (non-destructive test method)
e Control.ftd and Control_selected.xlsx — see IEC 60216-6

2022

e The usage of the deprecated intermediate file formats such as *.int and *.ftc is not

supported in the graphical user interface. However, the application program
interface (API) implements methods to read and write these file formats.

— Java source code
e Package: datamodel — class AgingData and subclasses to comprise raw data

e Package: mathematics — calculate results

ming

° delr\dgc. f)\llli_gui - “IC JdVdFX gldpilibdi usSci illiclfdbc A
o Package: ressources — example files as listed above @
— Javadoc C)
¢ A number of automatically generated linked html pages for offline u with alweb
browser. They describe the classes, constructors and methods the packpges
‘datamodel’ and ‘mathematics’ for use by Java programmers. Néyy or modified |user
interfaces can be developed which use the tested class AgingDchU/o store and evaluate
aging data. Qq/
— JUnit tests ©
o The testing refers to packages ‘datamodel’ and ‘mat@étlcs The output of all JUnit
tests is compiled in one document named Testing_ ZQ -10-12.pdf.
e to

The JEC60216fx.jar is suitable for direct execution by & JRE In a terminal window chan
the girectory or folder, where this file is stored and <

"IECP0216fx.jar". Thereby, <JRES8 root path> sta for the directory or folder, where the
is stored. s\Q
<

NOTH 2 In Windows, the directory separator is a “\* \While in Linux and macOS it is a “/".

JRES8 root path>\jre\bin\java.exg -jar

JRE

There are three different ways, how te@nake the execution of the program more converfient.

They are described in C.1.2. The first'is the recommended method, because it implies the
syste¢m requirements. R

O

C.1.2 Convenience pro r\m execution
C.1.21 First (and @a'ult) method

Itis important to kn@y, that Java programs do not need installation/setup in a conventional
Instgad, the JA s residing in one folder and the JRE residing in another folder just ne

be linked tog@@e

° owr@ and decompress the file dist v100.zip in a folder with write access
] o ents\IEC60216fx\dist);

Documents\J RE)

e create a new shortcut on the Desktop

a) Command: <JRES8 root path>\jre\bin\java.exe -jar "[EC60216fx.jar"
b) Folder Path: <Application root path>\dist.

east

way.
pd to
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In MS-Windows (screenshot: Windows 7, English language version), the shortcut properties

look

like:

¥ IEC60216fxjar - Shortcut Properties =]

| General | Shortcut | Securtty | Details | Previous Versions |

i@ IEC60216fx jar - Shortcut

NOTE
C.1.]

Simi
sam
How
man

2.2 Second method \QQ

Target ype: ar fFile A

Target location: dist
X

Target: 1\jdk-8u101\jre\bin\java.exe jar "IEC60216fx jar" (l/q/

Start in: C:\Users\954753\Desktop\dist o

Figure C.1 — Shortcut property dialog for prgQan launch

ed in other operating systems and used for convenjenge program execution.

res one of the following: R

he JRE version 1.8.101 or Iate&@properly installed (i.e. registered) on the comp
R

. - o - .
dministrator privileges are ted: in that case, the launcher will first download and i
he appropriate JRE and‘\ n run the program. For the second and further laung
dministrator privileges@}a no longer required, unless the JRE was uninstalled meanw

If the JRE is installa@orrectly, a double-click on the IEC60216fx.jar file will also launch the applicati

».3  Third ntethod

b Zip a @ve, attempts to launch the program in the default web browser of the sys
bver; functionality is blocked in many browsers by default. It needs to be end
JW the browser properties and may create a system vulnerability.

IEC60216fx.exe is provided with the IECB@6fx.jar file in the same zip archive. I{]i
enience launcher for MS-Windows, thaf @uns the program directly with a double-cli¢

arly, a d %—click on the file IEC60216fx.html provided with the IEC60216fx.jar i the

uble-click on the short-cut launches the application.(Likéwise, such a shortcut cap be

uter.

stall
hes,
hile.

tem.
bled

NOTE The file IEC60216fx.jnlp is a text file in XML format to configure this functionality.

C.2

Structure of data files used by the program 33

The required data files and formats are described in IEC 60216-3:2021, Clause E.2. Examples
are given in IEC 60216-3:2021, Clause E.3.



Without repeating all the details here, the computer program allows the continuous use of old text files, except that an exponential is indicated by letter “E” instead of “D” previously and needs to be replaced manually before loading such a file.
However, much more convenient is the Office-Open XML-Format (*.xlsx) as also used by e.g. MS-Excel and LibreOffice Calc. When used as an export format, these files also contain the text report and charts as bitmap. Example files are provided in the download package.
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C.3 Executing the calculation of RTI

The program allows to open several data files at the same time. In a first step, the separate
calculations for the reference and candidate EIM in accordance with IEC 60216-3 shall be made
and reports generated. If two such files are opened, the RTI dialogue in the menu gets enabled.
It allows to set the candidate and reference EIM and its ATI.

= Configuration

Selections for RTI

Control Control.dta v C)®

Candidate = Candidate.dta ~ Qq/q/
ATI 160 | °C 03(1’
/7
,\Q)
OK Abbrechen (-OQ(L

N
Figure C.2 — Thermal endur@@ graphs
C.4| Output files and graph \Q

N

The program generates no further output file,t\@alculation results are displayed on two diff¢rent
windpws: $\'

e Report: a text representation of thé\galculated results;
e Llife Time chart: the thermal eﬁ&@rance graphs.

Each) window has a copy ‘ttgﬁ which can be clicked on or activated by the Control|+ C
shorjcut. It copies the cont of the window into the operating systems clipboard for fuPher

usagde in other progra .g. word processors to create a report. Thereby, the content of the
repoft window is copi@ s text and that of a chart as bitmap graphic.

The pxample @Figure C.2 will report the following results:

RTI = 1563C (F)
RS

Af&mo °C (F)

Correlation Time = 24 829 h

Halving Interval = 12.17 °C

Conf. Interval = 8.55 (Reference: 5.10; Candidate: 6.86)
Extrapolation factor = 3.6
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Life time chart

180 190 200 210 226 ™
©

Temperature [°C]

O Control: Control.dta O Candidate: %ngdate.dta
)

| Copy (Ctrl+C) | RTI: 156; ATI: 160; Correlation Time:

s\o\ IEC

Figure C.3 - Exampl,e&gérmal endurance graphs
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Annex D
(informative)

Selection of the reference EIM

Overview

The reference EIM should be selected from the materials that have known and stable thermal
endurance characteristics, preferably derived from service experience. The expected ageing
mechanisms and rates of both materials should be similar, and relevant to the application

Detalils of the service experience and the basis for selection of the reference EIM_shoul

d be

presented to concerned parties who accept and utilize the reference EIM to develop the{RTE

RTI

D.2| Designation of reference EIM

The designation of reference EIM is to be specified according to this‘document.

The pelector for the reference EIM clarifies:

o O T
— ~— ~— ~—

D.3| Reporting items for reference EIM

The following items-have-te shall 34 beféported:

bf a candidate EIM.

pplication if available;
rvice experience if available;

S
criteria for selecting the property and the end pointvalues;

imits of usage for reference EIM if available,

Identification of the selected material
1) Name of manufacturer.

2) Product name, brand-and symbol
3) Generic type of material
4)

material, etc.
5) Type of processing (e.g. moulding, extrusion, casting, laminating, coating, etc.)
ervice‘experience of the reference EIM in the electric equipment if available

w

—_

) Rolé of the insulating material (e.g. main wall insulation, interturn insulation, interc
insulation, etc.)

2) Condition in the electric device (exclusive usage, combination with other materials)
3) Minimum thickness of the reference EIM where it fulfils its function

Running condition and life of the electric equipment if available, where the reference
was used

1) Kind of electric equipment (e.g. cable, generator, motor, transformer, reactor, etc.)

Composition~e.g. additives. reinforcement, filler, impregnant, combined (or laminated)

rcuit

EIM

2) Environmental conditions if any specialities (e.g. gas or liquid, corrosive atmosphere,

humidity, chemicals, radiations)

3) Rated voltage, frequency, power

4) Operating conditions (e.g. continuous, intermittent, short time, others)

5) Maximum temperature in the insulation system or thermal class of the electric equipment
6) Experienced life time or operated time


It means a requirement.
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List of comments

In the title as well as all occurrences of this document the term “relative thermal
endurance (RTE)” is replaced. This emphasizes its material nature (index) and conceptual
proximity to the Underwriters Laboratories standard UL 746B. In contrast, endurance

properties should refer to electrical insulation systems (EIS).
It means an option, not permission.

It means an option, not permission.

[t means an option, not permission.
This clarifies the term.

This further clarifies the relationship between EIM and EIS testing.
Update: the current edition was published 2013.

This clarifies the referenced edition.

Update: the current edition was published 2021 precedingcthe work on this docun
Both parts are supplemented by the same computer program:

Abbreviations are part of some of the term definitions.but are not used independent
This paragraph references availability of new online resources for terminology.

Reworded for clarification. However, the .intended target group of materials t
considered an EIM should remain the same"

Reworded for clarification and to emphasize its affiliation to materials not systems
EIS. All occurrences of ATE are replaced by ATI.

Reworded for clarification and to,mention a second source of information.

This tries to clarify, that the ‘correlation time used for RTI is a property specific fo
reference EIM and its ATI.

It means an option, not permission.

Reworded for_glarification and to emphasize its affiliation to materials not systems
EIS. All occurrences of RTE are replaced by RTI.

It means.an option, not permission.

This paragraph contains requirements and therefore is not just a note.

hent.

like

I the

like

As’ described below, the standard allows an overlapping range of oven temperatur

e for

the two EIMs. This requirement only makes sense, for the common temperatures.
Figure replaced to update the terms RTE by RTI and ATE by ATI.

Figure replaced to update the terms RTE by RTI and ATE by ATI.

Updated to reflect features of the new computer program.

This clarifies a requirement.

This clarifies the content of this clause.

Added a number rounding rule in line with IEC 60216-1:2013.

Added a number rounding rule in line with IEC 60216-1:2013.
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28
29
30

31

32

33

34

It means an option, not permission.

It means an option, not permission.

Correction/clarification: the F-test is a linearity test, that basically compares two different

1 2
types of variances (S, and S,). Details are given in IEC 60216-3:2021 and even more

fundamentally in IEC 60493-1:2011, Annex A.

One of the main reasons for the publication of new editions of IEC 60216 parts -3, -5, -6
was the replacement of an outdated supplementing computer program. The use of such
a program was and still is optional. However, the old program relied on MS-DOS and MS

Quick Basic 4.5, both of which run on 16-bit computers and are no longer available.

The new computer program is written in the programming language Java, fof which run

time environments for all modern PC operating systems exists. The compiled)code ag
as the source code are published under an open-source software licence and
available for free download as described in the entirely reworked Annéex C.

well
are

That is the important link for downloading the new computer program. It is planned but

not implemented vyet, to provide future program versions on GitHub,
https://github.com/iec60216.

Without repeating all the details here, the computer program allows the continuous
of old text files, except that an exponential is indicated by letter “E” instead o
previously and needs to be replaced manually beforeyloading such a file.

However, much more convenient is the Office-Open XML-Format (*.xIsx) as also uss
e.g. MS-Excel and LibreOffice Calc. When.used as an export format, these files
contain the text report and charts as bitmap."Example files are provided in the dowr
package.

It means a requirement.

see

use
«D”

d by
also
load
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

ELECTRICAL INSULATING MATERIALS -
THERMAL ENDURANCE PROPERTIES -

Part 5: Determination of relative
I I ind (RTI) of . |ati terial
FOREWORD

e International Electrotechnical Commission (IEC) is a worldwide organization for standardization comp

-operation on all questions concerning standardization in the electrical and electronic fields. To this en
addition to other activities, IEC publishes International Standards, Technical Specifications, Technical Re
blicly Available Specifications (PAS) and Guides (hereafter referred to as {EC Publication(s)”).
eparation is entrusted to technical committees; any IEC National Committee interésted in the subject dea
Ay participate in this preparatory work. International, governmental and non-governmental organizations li
th the IEC also participate in this preparation. IEC collaborates closely with the International Organizati
andardization (ISO) in accordance with conditions determined by agreement-between the two organizati

nsensus of opinion on the relevant subjects since each technical\committee has representation frd
erested IEC National Committees.

C Publications have the form of recommendations for interndtional use and are accepted by IEC N4
mmittees in that sense. While all reasonable efforts are-made to ensure that the technical content g
blications is accurate, IEC cannot be held responsible{ for the way in which they are used or fol
sinterpretation by any end user.

order to promote international uniformity, IEC National Committees undertake to apply IEC Public
nsparently to the maximum extent possible in theirmational and regional publications. Any divergence be
y IEC Publication and the corresponding national*or regional publication shall be clearly indicated in the

C itself does not provide any attestation of-conformity. Independent certification bodies provide conf
sessment services and, in some areas,\actess to IEC marks of conformity. IEC is not responsible fg
rvices carried out by independent certification bodies.

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

rising

national electrotechnical committees (IEC National Committees). The object of IEC is to promote interndtional

d and
ports,
Their
t with
hising
bn for
ns.

e formal decisions or agreements of IEC on technical matters expres§yas nearly as possible, an interngtional

m all

tional
f IEC
I any

htions
ween
atter.

rmity
r any

embers of its technical comnittees and IEC National Committees for any personal injury, property dam
her damage of any nature whatsoever, whether direct or indirect, or for costs (including legal fees|
penses arising out of_the publication, use of, or reliance upon, this IEC Publication or any othe
blications.

tention is drawn to the Normative references cited in this publication. Use of the referenced publicati
Hispensable for the correct application of this publication.

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

502165 has been prepared by IEC technical committee 112: Evaluation and qualific

liability shall attach to IEC or\its directors, employees, servants or agents including individual exper{ and

ge or
and
I IEC

ns is

atent

htion

pofrical insulating materials and systems. It is an International Standard.

This fourth edition cancels and replaces the third edition published in 2008. This edition
constitutes a technical revision.

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

a) Annex C “Computer program” has been completely reworked;

b) in 3.1, the terms “ATE” and “RTE” were replaced by “ATI” and “RTI” to emphasize their
reference to an electrical insulating material (EIM).

This standard is to be read in conjunction with IEC 60216-1:2013, IEC 60216-2:2005 and
IEC 60216-3:2021.
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The text of this International Standard is based on the following documents:

Draft Report on voting

112/582/FDIS 112/588/RVD

Full information on the voting for its approval can be found in the report on voting indicated in
the above table.

The language used for the development of this International Standard is English.

This

accdrdance with ISO/IEC Directives, Part 1 and ISO/IEC Directives, IEC Supplement, avai
at www.iec.ch/members_experts/refdocs. The main document types developed, by IEG
desdribed in greater detail at www.iec.ch/standardsdev/publications.

A lisf of all parts in the IEC 60216 series, published under the general titlevElectrical insul
matqrials — Thermal endurance properties, can be found on the IEC websSite.

The committee has decided that the contents of this document will'semain unchanged unt
stabllity date indicated on the IEC website under webstore.ieC.ch in the data related tq
spedific document. At this date, the document will be

reconfirmed,
withdrawn,
replaced by a revised edition, or

dmended.

document was drafted in accordance with ISO/IEC Directives, Part 2, and developjed in

able
are

hting

| the
the

tha
of i

IMF

i

ORTANT - The "colour inside” logo on the cover page of this document indicgtes
it contains colours which are considered to be useful for the correct understanding

s contents. Users should therefore print this document using a colour printer.
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ELECTRICAL INSULATING MATERIALS -
THERMAL ENDURANCE PROPERTIES -

Part 5: Determination of relative
temperature index (RTI) of an insulating material

anpn

part of IEC 60216 specifies the experimental and calculation procedures to betuse

derijing the relative temperature index of a material from experimental data, obtaine
accdrdance with the instructions of IEC 60216-1 and IEC 60216-2. The calculation’proced
are gupplementary to those of IEC 60216-3.

Guidance is also given for assessment of thermal ageing after a single fixed time
tempgerature, without extrapolation.

The

testsg

from
reac

d for
d in
ures

and

experimental data can in principle be obtained using destractive, non-destructive or

h the endpoint have been terminated at some point after the median time but befo

spedimens have reached end-point (see IEC 60216-1):

Guidance is given for preliminary assignment ofia thermal class for an electrical insul
matgrial (EIM), based upon the thermal ageing, performance.

Whil

b the thermal classification of an EIM.is not directly related to the thermal classificati

an dlectrical insulation system (EIS),.tbe thermal classification of an EIS follows the s
congepts as presented in this part of the 60216 series. The calculation procedures of

stan

jard apply to the determination-of the thermal class of an EIS when the thermal stre

the prevailing ageing factor.

2

The

Normative references

ollowing documents are referred to in the text in such a way that some or all of their co

consfitutes requirements of this document. For dated references, only the edition cited apy

For
ame

IEC
Age

undated-Jreferences, the latest edition of the referenced document (including
hdments)-applies.

roof

, although destructive tests have been much more extensively employed. Data obtgined
non-destructive or proof tests can be “censored”, in that measurement of times tak¢n to

e all

bting

bn of
ame
this
5S is

htent
lies.
any

b0216-1:2013, Electrical insulating materials — Thermal endurance properties — Pelzrt 1:

g procedures and evaluation or test resuits

IEC 60216-2:2005, Electrical insulating materials — Thermal endurance properties — Part 2:
Determination of thermal endurance properties of electrical insulating materials — Choice of test

crite

ria

IEC 60216-3:2021, Electrical insulating materials — Thermal endurance properties — Part 3:
Instructions for calculating thermal endurance characteristics


https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9

IEC 60216-5:2022 © |IEC 2022 -7-

3 Terms, definitions, symbols and units

3.1

For t

Terms and definitions

he purposes of this document, the following terms and definitions apply.

ISO and IEC maintain terminological databases for use in standardization at the following
addresses:

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

~

3.1.1

electrical insulating material

EIM
matgq
pote

3.1.2
assg
ATI

num

Note

3.1.3
cang
matg

Note

3.1.4
refe
mate
eval

3.1.5

central second moment of a data group

sum

divided by the number of data in the group

3.1.6

O s ! : Ty el PR Ll . FE
U UTHITTE DTOWSITTY PIdUuurmin. avaiablce dat TTipPs./7WwWw.1s0.0Ty7/oop

rial of low electric conductivity, used to separate conducting parts at.'different elg
htials or to isolate such parts from the surroundings

ssed temperature index

brical value of the temperature index in degrees Celsius of 'th'e reference EIM

I to entry: The value of the ATI can vary between applications forthe same material.

idate EIM
rial for which an estimate of the thermal endurance is required to be determined

ence EIM
rial with known thermal endurance (derived from service experience or previous RTI
hation), used as a reference\for comparative tests with the candidate EIM

of the squares of.the differences between the data values and the value of the group n

esti

Celsjus

corl;Flation time for RTI

ated time to endpoint of the reference EIM at a temperature equal to its ATI in deg

| to entry: The determination is made by simultaneous thermal ageing of the material and a reference g

ctric

M.

pr Tl

nean

rees

3.1.7
degrees of freedom
number of data values minus the number of parameter values


https://www.electropedia.org/
https://www.iso.org/obp
https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9

-8 - IEC 60216-5:2022 © |EC 2022

3.1.8

standard error

standard error of an estimate of the true value of a data group property is the value of the
standard deviation of the hypothetical sampling population of which the group property can be
considered to be a member

Note 1 to entry: For the group mean it is equal to the group standard deviation divided by the square root of the
number of data in the group, and indicates the uncertainty in the true value of the mean.

Note 2 to entry: This standard is concerned only with means and the difference between two means (see
Clause A.3).

3.1.
stanjdard deviation
squdre root of the variance of a data group or sub-group

3.1.10

relajive temperature index
RTI
detefmined by test in relation to the thermal performance of a known reférence EIM

3.1.11
variance of a data group
sum |of the squares of the deviations of the data from a reference level defined by one or more
parameters, divided by the number of degrees of freedom

Note [l to entry: The reference level can, for example, be a mean/value (1 parameter) or a line (2 parametgrs, in
this dpcument, the slope and the intercept with the y axis).

3.2 | Symbols and units

a, Elel\g/l;ression coefficient (y-intercept) of thermal endurance equation for referepce

g Elel\g/l;ression coefficient (y-intercept) of thermal endurance equation for candidate

bA Regression coefficient (slope) of thermal endurance equation for reference EIM

bB Regression coefficient (slope) of thermal endurance equation for candidate EIM

X Variablefor statistical analysis equal to 1/(3+6y)

Y Variable for statistical analysis equal to In (7)

9 Ageing temperature in determination of RTI

Oy Temperature on Kelvin scale equal to 0 °C

T Time to endpoint

T Estimateq time to endpoint of reference EIM at a temperature equal to ATI
(“correlation time”)

Hom Central second moment of x values for reference EIM

HoB) Central second moment of x values for candidate EIM

iy Number of y values for reference EIM data

g Number of y values for candidate EIM data

T Student’s ¢ distributed stochastic variable
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N |

Standard error of the difference of two means

Variance of y values for reference EIM data
Variance of y values for candidate EIM data
General mean of x-values for reference EIM data
General mean of x-values for candidate EIM data

General mean of y-values for reference EIM data

>
S )SD;;

>

LB

General mean of y-values for candidate EIM data
Temperature in degrees Celsius equal to ATI

Temperature in degrees Celsius equal to RTI

x value corresponding to g

x value corresponding to G

Lower confidence limit of 0g

Lower confidence limit of G4

x value corresponding to lower confidence limit of 65
x value corresponding to lower confidence limit of @
Lower confidence interval of HB

Lower confidence interval of @,

Halving interval of candidate EIM at a time equal to 7,

Variance associated with the difference between the mean y-values for the

materials

Degrees of freedom of sS

Logarithms of the longest mean times to endpoint for materials A and B

Intermediate variable: adjusted value of b for calculation of temperature confide

interval

interval

two

nce

I i iable: adi I fof I ion of fidehce
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4 Objectives of RTI determination

The objectives of the determination are as follows.

a) To exploit an assumed relationship between thermal endurance (with an appropriate test
criterion for ageing) and service performance, and to use this to predict a value for a
preliminary assessment of service temperature of a material for which there is relatively little
service experience (by comparison with a known reference EIM, see Clauses 5 and 6).

In the majority of cases, this will involve extrapolation to a longer time and/or lower
temperature than |n the experlmental data. ThIS extrapolatlon should be kept to a minimum
esult
increases rap|dly as the extrapolation is increased. However even when there\is no
gxtrapolation, the uncertainty is still finite, on account of the variances of the experimgental
data and experimental errors.

b) Tlo improve the precision of a thermal endurance determination by reduction) of systematic
drrors in the ageing process. If, after ageing, the results for the reference\EIM are foupd to
he significantly different from earlier experience, this may indicate changes in material or
dquipment. This may be investigated and possibly corrected. In any ¢ase, the simultangous
ageing of reference and candidate will at least partially compensate for the systerpatic
ghanges. Statistical procedures for use in assessing the signifiéance of changes are given
im Annex A.

c) To provide instructions for assigning a thermal class to anlEIM.
5 Experimental procedures

51 Selection of reference EIM

The primary requirement for the reference EIM, is that it has a known temperature index (ATI)
for the application under consideration. The temperature index, if determined by an| RTI
procedure, is preferably supported by actual service experience (see Annex D).

The pxpected ageing mechanisms and rates of both materials shall be similar, and relevant to
the gpplication.

5.2 | Selection of diagnostic test for extent of ageing

The [diagnostic test shalh'be one considered relevant to the application for which the RJTI is
requjred. The same-test shall be applied to both reference and candidate EIM.

5.3 | Ageing¢{procedures

The humberand type of test specimens of each material and the ageing temperatures and tjmes
shall be\in accordance with the requirements of IEC 60216-1:2013, 5.3.2, 5.4 and the| first
paragraph of 5.5. At each common ageing temperature, the oven load shall comprise
appropriate numbers of test specimens of both materials in the same oven. The specimens shall
be evenly distributed in the oven so that there is likely to be no systematic difference between
the ageing conditions applied to the specimens of the two materials. It is important that test
specimens of both materials are aged simultaneously at a minimum of three temperatures to be
included in the calculations.

NOTE As an example, while the data represented in Figure 1 would be acceptable for analysis of the data
represented by Figure 2, the lowest temperature group of the candidate EIM and the highest temperature group of
the reference cannot be included, since in each case, the specimen group is made up of only one material or one of
the two materials did not reach the chosen end point within the test time.

If, when ageing at the selected temperatures is completed, the results from either material do
not meet the requirements of criteria b) in 7.1 of this document, a further specimen group shall
be aged, within the same oven, at an appropriate temperature. This group shall again be
composed of the required number and type of specimens of each material.
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Figure 1 — Thermal endurance’‘graphs
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A = reference EIM

B = candidate EIM
NOTE The test specimens of both materials are not aged simultaneously at a minimum of three temperatures.

Figure 2 — Unacceptable thermal endurance graphs

6 Calculation procedures

6.1 Thermal endurance data — Calculation of intermediate parameters

Calculation of the thermal endurance equations shall be made in accordance with the
instructions of IEC 60216-3.
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The following input parameters as set out in Table 1 are needed for the calculations relevant to
RTI and should be recorded (each of the symbols may have either subscript A for reference

EIM or B for candidate EIM).
Table 1 — Input parameters for the calculations concerning RTI
Parameter Symbol in Equation in Symbol in
IEC 60216-3 | IEC 60216-3 IEC 60216-5
Slope of regression line b (33) ba bg
Intercept of regression line a (34) ap ag
Weighted mean of x values x (26) Xp 3
Cenfral 2" moment of x values iy (x) (31) Ho(a) Hyg
Weighted mean of y values y (27) YA TR
Varifnce of y values 5 (41) 5;2\ Sé
Nunlber of y values N (25) na ng
Haling interval HIC (53) - HICg|,
Lardest mean log time to endpoint Vi - [2FN Lg
Lowgr confidence limit of & éc (50) Ot Ou(s
NOTE If the calculations of IEC 60216-3 are performed by the recommended computer programme of Anngx C,
the yalues of HC(A) and GC(B) may be calculated directly.in‘that program.

The

6.2
Calc]

IEC
shal

—

b) From the regression coefficients of the candidate EIM,

Calculation of RTI

in accordance with the

be calculated as below (see also Figure 1).

b its ATH

N

result of the linearity test (IEC 60216-3:2021, 6.3.2) is also necessary.

ulation of the coefficients of the thermal endurance equations shall be made for [both
refelence and candidate ‘EIMs

instructions of 6.1 and 6.p of

50216-3:2021 (s€e)6.1 of this document). From these coefficients, the values of 7o anld 65

rom therregression coefficients of the reference EIM, calculate the time 7¢ corresporjding

“A

| - N N
n Tc aA+(9A+@0)

corresponding to the time 7:

The required RTI is equal to the value of 65 in degrees Celsius.

(1)

calculate the temperature

(2)
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6.3 Statistical and numerical tests
6.3.1 Tests of IEC 60216-3

The statistical and numerical tests of IEC 60216-3 shall be carried out before the calculations
of this standard, and their results employed in compiling the report of 7.3.

6.3.2 Precision of correlation time

Where a reference EIM has been tested on a previous occasion, with the same diagnostic test
and ATI, the values of 7; should be compared using the Student’s ¢-test for the difference of

two pneans. A significant difference may imply a change in the reference EIM itself, a_change
in the oven equipment or a change in the test apparatus. The cause should be investigated and
repofted.

Statistical procedures for assessing the significance of differences between vdlues are given in
Anngx A.

6.3.3 Lower confidence interval of RTI
The Jower confidence limit of RTI is calculated from the lower confidence limits of temperature
estimates equal to @5 and g5 (IEC 60216-3:2021, 6.3.3 b), Equations (46) to (50)).

The |ower confidence limit of gg, Hc(B), is calculated as jn IEC 60216-3:2021, 6.3.3 b) for altime

equgl to 7, and subtracted from ¢ to give the confidence interval Ag.

_ Adr-yg) ts,
XL(B):XBJ'_( byB)+ il (3)
Y=Int, ; Xg=(Y-ag)lbs (4)
tzsé
where b. =bg - (5)
bg 1z(g)

sy =Sg| —+—" 6
. (6)

Where

t is the value of Student’s ¢ for ng degrees of freedom and a significance level of 0,05
(see Table B.3);

Hpp) is the central second moment of the x values:
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(see IEC 60216-3:2021, 6.2.2 for details).

(7)

The lower confidence limit of @y, O.a) is calculated as above for a time equal to 7, and

subtfacted from &p to give the confidence interval A,.

The |ower confidence interval of RTI, Ag, is then equal to the “Pythagorean” (orthogonal) v
sum |of the above two intervals:

71

a)

pctor

Ag = I3 + A2] (8)
6.3.4 Extrapolation
The pxtrapolation required to estimate the correlation time'is calculated for both referencq and
candidate EIMs as the difference between the logarithin)of the correlation time and the gregtest
valug of the mean of the logarithms of the ageing times to endpoint (v, or vg). The extrapolation
requjred is the greater of these two values.
Results and report
Results of statistical and numerical tests
The following criteria apply:
linearity of thermal endurance relationships and confidence intervals of Tl results of |both
reference and candidate EIMs (see IEC 60216-3:2021, 6.3.2 and 6.3.3) which shall satisfy
the requirements of\l[EC 60216-3, 7.3.1 and 7.3.2;
gxtrapolation to'the correlation time (see 6.3.4 above): the extrapolation, expressed a$ the
ratio of correlation time to greatest geometric mean ageing time shall be less than 4;
Ipwer canfidence interval of RTI (see 6.3.3 above): The value of AR shall be less than the
halving,interval (HICB(C)) of the candidate EIM at a time equal to the correlation time |(see
IE€60216-3:2021, 7.1).
HIC = g 1 - ! (9)
B(c) (Nt /2)-ag)  (nte—ag)
Results

7.2

The results shall be determined from the calculations of 6.2 and 6.3.3 as follows.

a) If all three test criteria (see 7.1) are met, the result shall be the value of RTI. The result shall
be reported in the format: "RTI according to IEC 60216-5 = xxx" rounded to one full degree

Celsius.
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b) If one of the test criteria is not met, the result shall be the lower 95 % confidence limit of
RTI. The result shall be reported in the format: "RTI lower 95 % confidence limit = xxx"
rounded to one full degree Celsius.

c) If two or more of the criteria are not met, a result in accordance with the requirements of
IEC 60216-5 cannot be reported. The result may be reported in the format:
"RTI = xxx. (Result not validated by the statistical analysis)".

7.3

Report

The report shall comprise the following:

O T O

)
)
)
)

o

t
t
t
t
B
t

e)

8 Material testing by short-term thermal ageing

Ther
perfq
refer]
whel
coul

The
temg
com
equi

It is
matg
that

ther¢ are significant differeneces between

—

a)
b)

—

In th
test

Te TeSUlt]
ne identification of the reference EIM and its ATl (see Annex D);
he diagnostic test employed and the endpoint;

ne thermal endurance reports according to IEC 60216-1 for the reference and cand
IMs;

ne details of the failure of statistical validation for a result in category .7<2 c).

e is often a need for short-term thermal ageing tests on materials, e.g. to compare thg
rmances of materials having slight chemical modifications with respect to a kn
ence EIM, or in quality reference testing of insulation ‘containing anti-oxidant constitu
e ageing at the rated temperature of the materjalor a period of a few thousand h
|l be employed.

interpretation of such tests can be quite difficult, particularly if the ageing is at a s
erature, with property measurement aftef’a single fixed time. The absence of testin
bliance with a chemical kinetic model leads to a liability to systematic errors cause
bment or material changes.

recommended that in such cases, a reference EIM of similar type and rating as the
rial should be aged simultaneously and tested after the same time. A similar analys

date

rmal
own
bnts,
ours

ngle
g for
d by

test
is to

of Annex A can then be“applied to the two sets of property values to establish whether

he candidate EIM-and the reference EIM, or

ne current test values of the reference EIM and the historical values obtained on the s
haterial.

s analysis, s12 and s% are the variances of the groups of property values after ageing 3

emperature; y, and y, are the means of these groups (see Equations (A.1) to (A.4)).

ame

t the

Unless otherwise specified, the test for significant difference shall be made at a level of 0,05

(see

Table B.2).

If significant differences are not found, it can be assumed that the thermal endurance
performances of the two materials being compared are the same. If significant differences are
found in case a) above, it is likely that the performance of the candidate EIM will not be the
same as that of the reference. If significant differences are found in case b) above, then it is
likely that the ageing conditions differ in some way from those originally employed: they should
be investigated, and the cause established.
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9 Insulation classification

When required, the candidate EIM may be assigned to an insulation thermal class in accordance
with Annex B, Table B.1.
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A1

Annex A
(informative)

Repeatability of correlation time

Overview

Where a reference EIM has been tested on a previous occasion, the values of r, should be
compared. A significant difference can imply a change in the reference EIM itself, or possibly a

chan
inve

The
proc
valu

A.2

The
(312 :

Equation (41) or (42)]. Their ratio is then tested for linearity-i.e. equality of the variances b

F-teg

NOTH
not to

A3

The

significantly different:

ge in the oven equipment or a change in the test apparatus. The cause shoul
btigated and reported.

comparison is made using the Student's r-test for the difference of two theans, by
pdures below. The suffixes 1 and 2 refer to the two sets of data. In the\equations
bs y, and y, are the logarithms of the two values of correlation time.

F-test for linearity

variances of the y-values for the reference EIMs in the present and previous determina
nd s%) shall be calculated in accordance with the instructions of IEC 60216-3:2021 [6

t on a significance level of 0,05 with degrees of freedom n4-2 and n,-2 (see Table B.

the within and between classes as given in IEC_60216-3:2021, Equations (41) and (42).
Standard error of the difference of two means

values of variance are combined using Equations (A.1) and (A.2) if the values areg

sp =

s12(n1—1)+sg(n2—1)£i 1 j

(ny+np-2) 4 Z

np =(I’l1 +ﬂ2 —2)

The symbols S12 and s% here refer to the estimates-of variance for the material on occasions 1 and 2,

i be

the
the

ions
.3.2,

y the
D).

and

not

A1)

A.2)

If the values of variance are significantly different, then Equations (A.3) and (A.4) shall be used.
In this case the value np may not be an integer. The nearest integer (rounded up or down as

appropriate) shall then be employed in subsequent calculations.

S1  S2

s =" +22 (A.3)

nq no
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2
[sg] (A.4)
ny

square root of the value of s3 is the standard error, s, of the difference of the general

mea

NOTEH

A.4

Whe
are (
equd

of t
stan

The

The

con

of tr;F difference of the mean estimates to the standard error of-this difference. The varia

greirer than the value for assignificance level of 0,05 given in Table B.3, the differen

s of the y-values.

When the values of n, and n, are equal, Equations (A.1) and (A.3) become identical.

Student’s ¢-test for difference of two means

h two estimates of a mean value (which in this case includes estimates by linear regres
btained from separate sets of data and the true values are expecCted to be the same,
lity may be tested by the Student’s ¢-test. The principle of this test is to calculate the

e two data sets are combined in the same way as the 4ariances in Clause A.3 ang
Hard error calculated.

value of ¢ is the ratio of the difference of the means to the standard error:

(71<5,)

[2
Sp

=

pssociated number of degrees-of freedom is np or the nearest integer. If the value 9

idered to be significant\and its cause should be investigated.

5ion)
their
ratio
hces

the

A.5)

fris
Ce is

For the purposes of 613)2, in the calculations of Equations (A.1) to (A.5), the values of s12 and s§

are (

btained using Equation (45) of IEC 60216-3:2021, 6.3.3, which is:

s? =i{1+@}

N pa(x

312 :‘N s%

and s% = ‘N 5127

1 2

The values of y; and y, are the logarithms of the two values of 7.

(A.6)
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A.5 Combination of data

If the two results for correlation time and the two values of variance are not significantly
different, a more precise estimate of the logarithm of correlation time may be obtained by
merging the two sets of data:

(n14 +n2y2)

y=
(n1+n2)

(A.7)

2 S12("1—1)+S%(”2—1) A8)

(n1+n2—2)
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Annex B
(informative)

Thermal class assignment

Table B.1 relates the thermal class assignment, when required, to the value of ATI/RTI, in

acco

rdance with IEC 60085.

Table B.1 — Thermal class equivalents for insulating material

Tabl
and

NOTH
than

The
num

The
rows

ATI/RTI Thermal class Letter designation
°C °C
290 <105 90 Y
2105 <120 105 A
2120 <130 120 E
2130 <155 130 B
2155 <180 155 F
2180 <200 180 H
2200 <220 200 N
2220 <250 220 R
2250 <275 250
a8 If desired, the letter designation may be added in parentheses, e.g. Class 180
(H). Where space is a factor, such as on-asnameplate, the product TC may elect
to use only the letter designation.
b Designations of thermal classes oyef50 shall increase by increments of 25 and
be designated accordingly.

b B.2 and Table B.3 give the values of F and of Student’s ¢ for significance levels of
D,005.

1 The significance, p, is equal to 1-P, where P is the probability of the stochastic variable (F or ¢) bein
he tabulated value.

columns of the-FE _table (Table B.2) represent the number of degrees of freedom o
brator and the rows the number of degrees of freedom of the denominator.

columns of the ¢ table (Table B.3) represent the number of degrees of freedom ang
the sighificance level (p).

0,05

j less

f the

the

NOTH

2\,"The tables include significance levels of 0,05 and 0,005 in case they are needed at any time. For pilesent

purpo

ses, the 0,005 values can be deleted, but they are on record for future use.
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CcA

Annex C
(informative)

Computer program

General

Cc.1.1 Overview

The

a-thic s oo lEC 60240 . 2:-9N001 adl=C - a02410 6
UZTOUI. ZUZ 1 \v g =

writt
grap
from
https
bit ¢

The

http9
stan
exarn

NOTE
The

-

rograrm-supplementing-this-documentas—welas+EG+6
bn in the programming language Java®! and makes use of the JavaFX technaleg
hical user interfaces. It is for use in conjunction with a Java Runtime Environpient (

bmputers.

package itself is available for download
/lwww.iec.ch/tc112/supportingdocuments. The downloaded files are stored in

hple https://download.cnet.com/s/zip-tools/.

1 All hyperlinks can be subjected to change, which is not under control of the authors of this documen

package consists of the following parts:

ompiled Java code and 3" party program libraries:
IEC60216fx.jar (main program)
IEC60216fx.exe (optional program launcher for Windows)
lib/commons-math3-3.6.1 (statistical functions)
lib/poi-3.17.jar (Import and Export in OOXML format (*.xlsx))

xample data files
Cenex3.dta — see IEC'60216-3:2021, Table D.1
Test2.dta — see IEC.60216-3:2021, Table D.2
N3.dst and N3 selected.xlsx — see IEC 60216-3:2021, Table D.3
Control.dta,.—example reference EIM raw data (non-destructive test method)
Candidate.dta — example candidate EIM raw data (non-destructive test method)
Control.ftd and Control_selected.xlsx — see IEC 60216-6

The usage of the deprecated intermediate file formats such as *.int and *.ftc is

-, is
y for
IRE)

Oracle® in version 1.8.101 or later. The JRE is available for download at
://lwww.java.com/download for several operating systems?2 running on eithér 32-bit of

64-

from
the

Hard unencrypted zip-format. Such file archives can be extracted with any zip tool, seje for

not

supported in the graphical user interface. However, the application program
interface (API) implements methods to read and write these file formats.

ming

1 Java® and Oracle® are registered trademarks of Oracle and/or its affiliates. This information is given for the
convenience of users of this document and does not constitute an endorsement by IEC of the products named.
Equivalent products may be used if they can be shown to lead to the same results.

2 Microsoft Windows®, Linux® and Apple macOS® are examples of suitable products available. This information
is given for the convenience of users of this document and does not constitute an endorsement by IEC of these
products.


https://www.java.com/download
https://www.iec.ch/dyn/www/f?p=103:227:0::::FSP_ORG_ID,FSP_LANG_ID:1310,25
https://download.cnet.com/s/zip-tools/
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ava source code
Package: datamodel — class AgingData and subclasses to comprise raw data
Package: mathematics — calculate results
Package: fxml_gui — the JavaFX graphical user interface
Package: ressources — example files as listed above
avadoc

A number of automatically generated linked html pages for offline usage with a

web

browser. They describe the classes, constructors and methods of the packages

‘oot dal’ P~ o 4 LA 4 I 1 Al PAH P |
uaAalarimtouutTl [<1RAV] mrautaTreiITtmativo A4 UoT Uy Java pIU\:’IGIIIIIIUIO. INCTVY  UT LLLAA%LLLA~A"]
interfaces can be developed which use the tested class AgingData to store and gva
aging data.

Unit tests

The testing refers to packages ‘datamodel’ and ‘mathematics’. The outplt of all |
tests is compiled in one document named Testing_2017-10-12.pdf.

EC60216fx.jar is suitable for direct execution by the JRE. In a terminal window chan

50216fx.jar". Thereby, <JRES8 root path> stands for the directoery or folder, where the
bred.

2 In Windows, the directory separator is a “\”, while in Linux and.macOS it is a “/".

e are three different ways, how to make the execution of the program more converj
are described in C.1.2. The first is the recommended method, because it implies the

p Convenience program execution
P.1 First (and default) method

mportant to know, that Java preagrams do not need installation/setup in a conventional
ad, the JAR files residing injone folder and the JRE residing in another folder just ne
nked together:

ownload and decompress the file dist v100.zip in a folder with write access
ocuments\IEC60216fx\dist);

ownload and(decompress the JRE in any other folder with write access
ocuments\JRE);

reate a new shortcut on the Desktop
) Command: <JRES root path>\jre\bin\java.exe -jar "IEC60216fx.jar"
)SFolder Path: <Application root path>\dist.

user
uate

Unit

e to

irectory or folder, where this file is stored and type <JRES8 root.path>\jre\bin\java.exe -jar

JRE

ient.
east

way.
pd to

e.g.
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In MS-Windows (screenshot: Windows 7, English language version), the shortcut properties

look

like:

o IEC60216fx.jar - Shortcut Properties ]

JGeneral Shortcut lSecurfty l Details I Previous Versions[

LiE’ IEC60216x jar - Shortcut

Simi
sam
How
man

.2.3 Third method

Targetype.  EXecuiable Jar file

Target location: dist

Target: 1\jdk-8u101\jre\bin\java.exe jar "IEC60216%x jar"

Start in: C:\Users\954753\Desktop\dist

IEC
Figure C.1 — Shortcut property dialog for program launch

uble-click on the short-cut launches the application.(Likéwise, such a shortcut ca
ed in other operating systems and used for convenjence program execution.

.2 Second method

IEC60216fx.exe is provided with the IEC60216fx.jar file in the same zip archive. I{]i
convIenience launcher for MS-Windows, that funs the program directly with a double-cli

res one of the following:

he JRE version 1.8.101 or later.is’properly installed (i.e. registered) on the comp
R

dministrator privileges are granted: in that case, the launcher will first download and ir
ne appropriate JRE and.then run the program. For the second and further laung
dministrator privileges ‘are no longer required, unless the JRE was uninstalled meanw

If the JRE is installed.\correctly, a double-click on the IEC60216fx.jar file will also launch the applicati

b zip archive, attempts to launch the program in the default web browser of the syg
bvers this functionality is blocked in many browsers by default. It needs to be eng
Lallyin the browser properties and may create a system vulnerability.

n be

k. It

uter.

stall
hes,
hile.

arly, a dauble-click on the file IEC60216fx.html provided with the IEC60216fx.jar in the

tem.
bled

NOTE The file IEC60216fx.jnlp is a text file in XML format to configure this functionality.

c.2

Structure of data files used by the program

The required data files and formats are described in IEC 60216-3:2021, Clause E.2. Examples
are given in IEC 60216-3:2021, Clause E.3.


https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9

- 26 - IEC 60216-5:2022 © |EC 2022

C.3 Executing the calculation of RTI

The program allows to open several data files at the same time. In a first step, the separate
calculations for the reference and candidate EIM in accordance with IEC 60216-3 shall be made
and reports generated. If two such files are opened, the RTI dialogue in the menu gets enabled.
It allows to set the candidate and reference EIM and its ATI.

B Configuration

Selections for RTI

Control Control.dta v
Candidate = Candidate.dta ~

ATI 160  °C

Abbrechen

IEC

Figure C.2 — Thermal endurance graphs

C.4| Output files and graph

The program generates no further output files:€alculation results are displayed on two diff¢rent
windows:

e Report: a text representation of theé calculated results;

e Life Time chart: the thermal endurance graphs.

Each window has a copy butten, which can be clicked on or activated by the Control|+ C
shorjcut. It copies the content of the window into the operating systems clipboard for fufther
usade in other program,ie.g. word processors to create a report. Thereby, the content of the
repoft window is copiedas text and that of a chart as bitmap graphic.

The pxample setiinFigure C.2 will report the following results:

RTI

156.3C (F)

ATh= 160 °C (F)

Correlation Time = 24 829 h

Halving Interval = 12.17 °C

Conf. Interval = 8.55 (Reference: 5.10; Candidate: 6.86)

Extrapolation factor = 3.6
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Life time chart

160 170 180 190 200 210 22&
©

Temperature [°C]

O Control: Control.dta O Candidate: ('{ngdate.dta
e)

| Copy (Ctrl+C) | RTI: 156; ATI: 160; Correlation Time:

s\o\ IEC

Figure C.3 - Exampl&?érmal endurance graphs

o

4\

xO
O
o
>
QO
Q.
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Annex D
(informative)

Selection of the reference EIM

Overview

The reference EIM should be selected from the materials that have known and stable thermal
endurance characteristics, preferably derived from service experience. The expected ageing
mechanisms and rates of both materials should be similar, and relevant to the application

Detdils of the service experience and the basis for selection of the reference EIM._shoul

d be

presented to concerned parties who accept and utilize the reference EIM to develop-the R[TI of

a capdidate EIM.

D.2| Designation of reference EIM

The designation of reference EIM is to be specified according to this‘document.

The pelector for the reference EIM clarifies:

D.3| Reporting items for reference EIM

The following items shall be reported:

jpplication if available;
ervice experience if available;
griteria for selecting the property and the end point*values;

limits of usage for reference EIM if available,

Igentification of the selected material
) Name of manufacturer.

) Product name, brand-and symbol
) Generic type of amaterial
)

DO N

material, etc.

(611

) Type of processing (e.g. moulding, extrusion, casting, laminating, coating, etc.)

[d))

erviceexperience of the reference EIM in the electric equipment if available

[y

) Rale of the insulating material (e.g. main wall insulation, interturn insulation, interc
inSulation, etc.)

2) Condition in the electric device (exclusive usage, combination with other materials)
3) Minimum thickness of the reference EIM where it fulfils its function

Running condition and life of the electric equipment if available, where the reference
was used

1) Kind of electric equipment (e.g. cable, generator, motor, transformer, reactor, etc.)

Composition-e.g. additives. reinforcement, filler, impregnant, combined (or laminated)

rcuit

EIM

2) Environmental conditions if any specialities (e.g. gas or liquid, corrosive atmosphere,

humidity, chemicals, radiations)

3) Rated voltage, frequency, power

4) Operating conditions (e.g. continuous, intermittent, short time, others)

5) Maximum temperature in the insulation system or thermal class of the electric equipment
6) Experienced life time or operated time
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L'IEC 60216-5 a été établie par le comité d’études 112 de I'lEC: Evaluation et qualification
des systémes et matériaux d’isolement électrique. Il s'agit d'une Norme internationale.

Cette quatrieme édition annule et remplace la troisieme édition parue en 2008. Cette édition

cons

titue une révision technique.

Cette édition inclut les modifications techniques majeures suivantes par rapport a I'édition
précédente:

a) I

Annexe C "Programme informatique" a été complétement remaniée;

b) en 3.1, les termes "ATE" et "RTE" ont été remplacés par "ATI" et "ITR" pour souligner
leur référence a un matériau isolant électrique (MIE).
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Cette norme doit étre lue conjointement avec I'lEC 60216-1:2013, I'lEC 60216-2:2005 et
I'IEC 60216-3:2021.

Le texte de cette Norme internationale est issu des documents suivants:
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112/582/FDIS 112/588/RVD
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Partie 5: Détermination de I'indice de température relatif (ITR)
d’un matériau isolant

résente partie de I'lEC 60216 spécifie les procédures expérimentales et de calcula ut
déduire I'indice de température relatif d’'un matériau a partir des données expérimen
hues conformément aux instructions de I'l[EC 60216-1 et de I'|EC 60216-2. Les’procéd
blcul s’ajoutent a celles indiquées dans I'lEC 60216-3.

recommandations sont également données pour évaluer le vieillissement thermique 3
seule durée déterminée et une seule température, sans extrapolation.

données expérimentales peuvent en principe étre obtenues en utilisant des ef
uctifs, des essais non destructifs ou des essais d’épreuve,, méme si les essais destry

mps meédian, mais avant que toutes les éprolvettes n’aient atteint le point |
'EC 60216-1).

Fecommandations sont données pour l'affectation préliminaire d'une classe thermique
atériau isolant électrique (MIE), fondée"sur les performances de vieillissement therm

que la classification thermique_d*un MIE ne soit pas directement reliée a la classific
hique d'un systéme d’isolation‘électrique (EIS - electrical insulation system), celle d’ur
le méme concept que daps-la série IEC 60216. Les procédures de calcul du pré
ment sont applicables a la détermination de la classe thermique d’un systéme d’isol

Références normatives

Hocuments{suivants sont cités dans le texte de sorte qu’ils constituent, pour tout ou p

de |

der

I'édi%ion citée s'applique. Pour les références non datées, la derniere édition du docu

bur contenu, des exigences du présent document. Pour les références datées, §

férence s'applique (y compris les éventuels amendements).
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IEC 60216-1:2013, Matériaux isolants électriques — Propriétés d’endurance thermique -
Partie 1: Méthodes de vieillissement et évaluation des résultats d'essai

IEC 60216-2:2005, Matériaux isolants électriques — Propriétés d’endurance thermique -
Partie 2: Détermination des propriétés d'endurance thermique de matériaux isolants électriques
— Choix de criteres d'essai

IEC 60216-3:2021, Matériaux isolants électriques — Propriétés d’endurance thermique -
Partie 3: Instructions pour le calcul des caractéristiques d'endurance thermique
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3 Termes, définitions, symboles et unités

3.1

Termes et définitions

Pour les besoins du présent document, les termes et définitions suivants s'appliquent.

L'ISO et I'lEC tiennent a jour des bases de données terminologiques destinées a étre utilisées
en normalisation, consultables aux adresses suivantes:

e |EC Electropedia: disponible a I'adresse https://www.electropedia.org/

tées

htions

o |BOOmtimebrowsimg ptatform—disponibte o tadresse tttpsHwww iso-orgrobp

3.1.

matériau isolant électrique

MIE

matdriau de conductivité électrique faible, utilisé pour séparer des piéces conductrices po
a dep potentiels électriques différents ou pour isoler ces pieces de I'environnement

3.1.2

indi¢e de température évaluée

ATI

valelir numérique de I'indice de température en degrés Celsius'du MIE de référence
Note I a l'article: La valeur d’indice de température évaluée peub) varier selon les différentes utilis
de ce|matériau.

3.1.3

MIE candidat

matdriau pour lequel une estimation de I'endurance thermique doit étre réalisée

Note I a l'article: L’estimation est réalisée par.lvieillissement thermique simultané du matériau et d’un MIE
de référence.

3.1.4

MIE |de référence

matdriau a I'endurance thefmique connue (déduite de [I’expérience en servicegl ou
d'ung évaluation préalable d’indice de température relatif ou d'indice de température), u

comine référence pour des essais comparatifs avec un MIE candidat

3.1.5
mo

som
dug

3.1.6

ent centré_d’ordre 2 d’un groupe de données
e des carres des différences entre les valeurs des données et la valeur de la moy
foupe divisée par le nombre de données dans le groupe

tilisé

enne

temps-de corrélation pour 'lTR
durée estimée jusqu’au point limite du MIE de référence, obtenue pour une température
en degrés Celsius égale a son ATI

Note 1 a I'article: L’abréviation "ATI" est dérivée du terme anglais développé correspondant "assessed tempe

index"

3.1.7
degrés de liberté
nombre de valeurs de données diminué du nombre de paramétres

rature
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3.1.8

erreur type

erreur type d’'une estimation de la valeur vraie d'une propriété d'un groupe de données, c’est
la valeur de I'écart-type de la population échantillon retenue par hypothése pour laquelle
la propriété du groupe peut étre considérée comme membre de ce groupe

Note 1 a l'article: Pour la moyenne du groupe, elle est égale a I'écart-type du groupe divisé par la racine carrée
du nombre de données dans le groupe, et elle indique l'incertitude de la moyenne dans la valeur vraie.

Note 2 a l'article: La présente norme concerne uniquement les moyennes et la différence entre deux moyennes
(voir I'Article A.3).

indige déterminé par essai par rapport aux performances thermiques;,d’un MIE de référgnce

nce d’un groupe de données
e des carrés des écarts des données par rapport alun niveau de référence définj par
un ol plusieurs paramétres, divisée par le nombre de dégrés de liberté

Note || a I'article: Le niveau de référence peut étre, par exemple, une valeur moyenne (1 parametre) ou une fdroite
(2 pafametres, dans le présent document, la pente et le poinf'd’intersection avec I'axe y).

3.2 | Symboles et unités

a Coefficient de régression (intersection avec I'axe de y) de I’équation d’endurance
A thermique pour le MIE de téférence

a Coefficient de régressian (intersection avec I'axe de y) de I’équation d’endurance
B thermique pour le MIE.candidat

b Coefficient de régression (pente) de I'équation d’endurance thermique pour le MIE
A e
de référence

b Coefficient~'de régression (pente) de I'équation d’endurance thermique pgour
B )
le MIE candidat

X Variable pour I'analyse statistique égale a 1/(9+6;)

Y Variable pour I'analyse statistique égale a In (7)

9 Température de vieillissement lors de la détermination de I'lTR

Oy Température sur I’échelle de Kelvin égale a 0 °C

T Durée jusqu’au point limite

T I'Durée‘estimée jusqu’au poin’E Iimite d’un MIE de référence pour une température
égale a I'ATI ("temps de corrélation")

Hon) Moment centré d’ordre 2 des valeurs de x pour un MIE de référence

Ho) Moment centré d’ordre 2 des valeurs de x pour un MIE candidat

Ny Nombre de valeurs de y pour les données d’'un MIE de référence

g Nombre de valeurs de y pour les données d’'un MIE candidat
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Variable stochastique distribuée ¢ de "Student”

S Erreur type de la différence de deux moyennes

sf\ Variance de valeurs de y pour les données d’'un MIE de référence

sé Variance de valeurs de y pour les données d’'un MIE candidat

Xa Moyenne générale des valeurs de x pour les données d’'un MIE de référence

g Moyenne générale des valeurs de x pour les données d’un MIE candidat

Va Moyenne générale des valeurs de y pour les données d’'un MIE de référence

Ve Moyenne générale des valeurs de y pour les données d’un MIE candidat

gA Température en degrés Celsius égale a I'ATI

‘95 Température en degrés Celsius égale a 'l TR

AB Valeur de x correspondant & g

)A(A Value de x correspondant & 6

%)) Limite inférieure de confiance de 05

Oc(4) Limite inférieure de confiance de Ga

X Valeur de x correspondant & la limité.inférieure de confiance de g

Xy Valeur de x correspondant & la limite inférieure de confiance de Op

Ag Intervalle inférieur de confiance de 6;

A Intervalle inférieur de.confiance de €,

IDCc) Intervalle de division par deux d’'un MIE candidat a un instant égal a 7;

SS Variance ass’ocl:iée a la différence entre les valeurs de la moyenne de y gour
les deux-matériaux

1y Degfés de liberté de s3

va.|ug Logarithmes des durées moyennes des plus longues jusqu’au point limite gour
les matériaux A et B

b, Variable intermédiaire: valeur ajustée de b pour le calcul de lintervplle

de confiance de la température

Variable intermédiaire: valeur ajustée de s pour le calcul de [lintervalle
de confiance de la température
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4 Objectifs de la détermination de I'ITR

Les objectifs de la détermination sont comme suit.

a) Exploiter une relation réputée exister entre 'endurance thermique (avec un critére d’essai
approprié pour le vieillissement) et les performances en service, et utiliser ce résultat afin
de prédire une valeur pour une évaluation préliminaire de la température en service
d’'un matériau pour lequel 'expérience en service est relativement limitée (par comparaison
avec un MIE de référence connu, voir les Articles 5 et 6).

Dans la majorité des cas, cela implique une extrapolation sur une durée plus longue et/ou
une ’rnmpérnhlrn plIIQ basse QU _pour les données nvpérimnnfnlne _convient que
tte extrapolation soit minimale, par un choix approprié des températures et des_tgmps

e vieillissement, car l'incertitude du résultat augmente rapidement avec I'extrapoldtion.
ependant, méme en |'absence d'extrapolation, l'incertitude reste finie campte |tenu
es variances des données expérimentales et des erreurs expérimentales.

b) Améliorer la précision d'une détermination d’endurance thermiquey-par diminption
es erreurs systématiques dans le processus de vieillissement. Si, aprés vieillissement,
I¢s résultats pour le MIE de référence sont considérés camme trés difféfents
‘une expérience précédente, cela peut indiquer des variations“dans le matériall ou
I€¢ matériel. Cela peut étre vérifié et éventuellement corrigé?! Dans tous les |cas,
I¢ vieillissement simultané du matériau de référence et du-matériau candidat compgnse
u moins partiellement les variations systématiques. Les procédures statistiques a utjliser
our évaluer la signification statistique des variations seont présentées a ’Annexe A.

No]

¢) Hournir des instructions pour l'affectation d'une classe ‘thermique a un MIE.
5 Procédures expérimentales

5.1 Choix du MIE de référence

L’exigence initiale pour le MIE de référenée est qu'il ait un indice de température connu (ATI)
pour|l’application a I'étude. L’'indice de température, s’il est déterminé par une procédure|lTR,
est de préférence étayé par une expérience en service réelle (voir ’Annexe D).

Les Imécanismes de vieillissement attendus des deux matériaux et leur vitesse d’évoljition
doivént étre similaires et dojvent correspondre a I'application.

5.2 | Choix d’un essai de diagnostic pour I'importance du vieillissement
L’essai de diagnaostie’ doit étre un de ceux qui sont considérés comme adaptés a I'applicgtion

pour|laquelle I'/TR est exigé. Le méme essai doit étre appliqué a la fois au MIE de référenge et
au MIE candidat.

5.3 Procédures de vieillissement

Le nombre efle type d’éprouveites de chaque matériau, ainsi que Tes températures et les temps
de vieillissement, doivent étre conformes aux exigences de I'l[EC 60216-1:2013, 5.3.2, 5.4 et
premier alinéa du 5.5. Pour chaque température de vieillissement courante, la charge de I'étuve
doit comprendre un nombre approprié d’éprouvettes des deux matériaux dans la méme étuve.
Les éprouvettes doivent étre uniformément réparties dans I’étuve de maniére a éviter toute
différence systématique entre les conditions de vieillissement appliquées aux éprouvettes
des deux matériaux. Il est important que les éprouvettes des deux matériaux soient vieillies
simultanément a au moins trois des températures destinées a faire partie des calculs.

NOTE Par exemple, tandis que les données représentées a la Figure 1 sont susceptibles d’étre acceptables pour
les analyses, a partir des données représentées a la Figure 2, le groupe des températures les plus basses
du MIE candidat et le groupe des températures les plus élevées du MIE de référence ne peuvent pas étre inclus, car
dans chaque cas, le groupe d’éprouvettes est constitué d’un seul matériau ou un des deux matériaux n'a pas atteint
le point limite choisi pendant la durée de I'essai.
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Si, aprés avoir réalisé le vieillissement aux températures choisies, les résultats de I'un des
deux matériaux ne satisfont pas aux exigences du pointb) du 7.1 du présent document,
un autre groupe d’éprouvettes doit étre vieilli, dans la méme étuve, a une température
appropriée. Ce groupe doit de nouveau étre constitué du nombre et du type exigés

d’éprouvettes provenant des deux matériaux.
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Figure 1 — Graphique d'endurance thermique
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NOTE Les éprouvettes des deux matériaux ne sont pas vieillies simultanément a au moins trois des températures.

Figure 2 — Graphique d'endurance thermique inacceptable
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6 Procédures de calcul

6.1 Données d’endurance thermique — Calcul des paramétres intermédiaires

Les équations d’endurance thermique doivent étre calculées conformément aux instructions
de I'lEC 60216-3.

Les paramétres d’entrée du Tableau 1 ci-dessous sont nécessaires pour calculer I'ITR et
il convient de les noter (chacun des symboles peut avoir un indice A pour le MIE de référence
ou un indice B pour le MIE candidat).

Tableau 1 — Parameétres d’entrée pour le calcul de I'ITR

Paramétre Symbole dans Equation dans Symbole.dans
I'IEC 60216-3 I'IEC 60216-3 I'lEC 60216-5

Penfe de la droite de régression b (33) b bg
Intefsection avec la droite de régression a (34) apn ag
Moygnne pondérée des valeurs de x x (26) Xp Xg
Monpent centré d’ordre 2 des valeurs de x 1y (x) (31) Ha(a) Hos
Moygnne pondérée des valeurs de y y (27) VA Vs
Varipnce des valeurs de y §2 (41) 5 P
Nonlbre de valeurs de y N, (25) np ng
Intefvalle de division par deux IDC (53) - HICg|,
Loggrithme de la durée moyenne la plus -
grande jusqu’au point limite Yk - ba vs
Limife inférieure de confiance de @ 'R (50) GC(A) HC(B

NOTE Si les calculs de I'lEC.60216-3 sont effectués avec le programme informatique recommandé

de I'lAnnexe C, les valeurs de QC(A) et de Hc(B) peuvent étre directement calculées dans le programme.

Le rgsultat de I'essai-de linéarité (IEC 60216-3:2021, 6.3.2) est également nécessaire.

6.2 Calculide I'ITR

Les ¢oefficients des équations d’endurance thermique doivent étre calculés a la fois pour le| MIE
de référence et le MIE candidat, conformément aux instructions données en 6.1 ef 6.2
de 'EC60216-372021T(VoIr 6. T dU present document). A partir de ces coefficients, 1es valeurs

de 7; et 0g doivent étre calculées comme cela est indiqué ci-dessous (voir également
la Figure 1).

a) A partir des coefficients de régression du MIE de référence, calculer la durée 7¢
correspondant a son ATI:

ba

| - Y S
n 7. aA+(9A+@0) (1)


https://iecnorm.com/api/?name=ddc0fdba17cd45599eae8c03f4d37bb9
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