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Foreword

The text of document 15E/162/FDIS, future edition 1 of IEC 60216-3, prepared by SC 15E, Methods of
test, of IEC TC 15, Insulating materials, was submitted to the IEC-CENELEC parallel vote and was
approved by CENELEC as EN 60216-3 on 2002-03-01.

This European Standard supersedes HD 611.3.1 $1:1992 and EN 60216-3-2:1995.
The following dates were fixed:
— latest date by which the EN has to be implemented
at national level by publication of an identical

national standard or by endorsement (dop) 2002-12-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow)  2005-03-01

Annexes designated "normative" are part of the body of the standard.

Annexes designated "informative" are given for information only.

In this standard, annexes A, B and ZA are normative and annexes C, D and E are informative.
Annex ZA has been added by CENELEC.

A computer-readable medium (diskette or CD-ROM) containing the computer programme given in
Annex E is an integral part of the national implementation of this European Standard.

Endorsement notice

The text of the International Standard IEC 60216-3:2002 was approved by CENELEC as a European
Standard without any modification.
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INTRODUCTION

IEC 60216-3 series of publications was previously conceived as having four sections. Two of
these have been published, i.e. IEC 60216-3-1 and IEC 60216-3-2. The remaining two
sections were under consideration. Of these, section 4 is not now required, since the relative
temperature index is no longer included in the thermal endurance characteristics. This part of
IEC 60216 is now combining the three sections into one standard, with substantial elimination
of replicated matter.

At the same time, the scope has been extended to cover a greater range of data
characteristics, particularly with regard to incomplete data, as often obtained from proof test
criteria. The greater flexibility of use should lead to more efficient employment of the time
available for ageing purposes.

Some minor errors in mathematical usage have also been eliminated.

The procedures specified in this part of IEC 60216 have been extensively tested and have
been used to calculate results from a large body of experimental data obtained in accordance
with other parts of the standard.

IEC 60216, which deals with the determination of thermal endurance properties of electrical
insulating materials, is composed of several parts:

Part 1: Ageing procedures and evaluation of test results
Part 2: Choice of test criteria
Part 3: Instruction for calculating thermal endurance characteristics

Part 4-1:  Ageing ovens — Section 1: Single-chamber ovens

Part 4-2:  Ageing ovens — Precision ovens for use up to 300 °C

Part 4-3. Ageing ovens — Multi-chamber ovens

Part 5: Guidelines for the application of thermal endurance characteristics

NOTE This series may be extended. For revisions and new parts, see the current catalogue of IEC publications
for an up-to-date list.
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ELECTRICAL INSULATING MATERIALS -
THERMAL ENDURANCE PROPERTIES -

Part 3: Instructions for calculating
thermal endurance characteristics

1 Scope

This part of IEC 60216 specifies the calculation procedures to be used for deriving thermal
endurance characteristics from experimental data obtained in accordance with the instructions
of IEC 60216-1 and IEC 60216-2.

The experimental data may be obtained using non-destructive, destructive or proof tests. Data
obtained from non-destructive or proof tests may be incomplete, in that measurement of times
taken to reach the endpoint may have been terminated at some point after the median time
but before all specimens have reached end-point.

The procedures are illustrated by worked examples, and suitable computer programs are
recommended to facilitate the calculations.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this part of IEC 60216. For dated references, subsequent amend-
ments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this part of IEC 60216 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60216-1:2001, Electrical insulating materials — Properties of thermal endurance — Part 1:
Ageing procedures and evaluation of test results

IEC 60216-2:1990, Guide for the determination of thermal endurance properties of electrical
insulating materials — Part 2: Choice of test criteria

IEC 60493-1:1974, Guide for the statistical analysis of ageing test data — Part 1: Methods
based on mean values of normally distributed test results
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3 Terms, definitions, symbols and abbreviated terms

3.1 Terms and definitions

For the purposes of this part of IEC 60216, the following definitions apply:

3.11

ordered data

set of data arranged in sequence so that in the appropriate direction through the sequence
each member is greater than, or equal to, its predecessor

NOTE In this standard ascending order in this standard implies that the data is ordered in this way, the first being
the smallest.

3.1.2

order-statistics

each individual value in a set of ordered data is referred to as an order-statistic identified by
its numerical position in the sequence

3.1.3
incomplete data
ordered data, where the values above and/or below defined points are not known

3.14

censored data

incomplete data, where the number of unknown values is known. If the censoring is begun
above/below a specified numerical value, the censoring is Type 1. If above/below a specified
order-statistic it is Type 2

NOTE This standard is concerned only with Type 2.

3.1.5
degrees of freedom
number of data values minus the number of parameter values

3.1.6

variance of a data set

sum of the squares of the deviations of the data from a reference level defined by one or more
parameters, for example a mean value (one parameter) or a line (two parameters, slope and
intercept), divided by the number of degrees of freedom

3.1.7

central second moment of a data set

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

3.1.8

covariance of data sets

for two sets of data with equal numbers of elements where each element in one set
corresponds to one in the other, the sum of the products of the deviations of the correponding
members from their set means, divided by the number of degrees of freedom
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3.1.9

regression analysis

process of deducing the best-fit line expressing the relation of corresponding members of two
data groups by minimizing the sum of squares of deviations of members of one of the groups
from the line

NOTE The parameters are referred to as the regression coefficients.

3.1.10

correlation coefficient

number expressing the completeness of the relation between members of two data sets, equal
to the covariance divided by the square root of the product of the variances of the sets

NOTE The value of its square is between 0 (no correlation) and 1 (complete correlation).

3.1.11
end-point line
line parallel to the time axis intercepting the property axis at the end-point value

3.2 Symbols and abbreviated terms

Clause
a Regression coefficient (y-intercept) 4.3,6.2
a, Regression coefficient for destructive test calculations 6.1
b Regression coefficient (slope) 4.3,6.2
by Regression coefficient for destructive test calculations 6.1
b, Intermediate constant (calculation of )?C) 6.3
c Intermediate constant (calculation of y2) 6.3
f Number of degrees of freedom Tables C.2, C.3
F Fisher distributed stochastic variable 4.2,6.1,6.3
Fo Tabulated value of F (linearity of thermal endurance graph) 4.4,6.3
Fq Tabulated value of F (linearity of property graph — significance 0,05) 6.1
Fo Tabulated value of F (linearity of property graph — significance 0,005) 6.1
g Order number of ageing time for destructive tests 6.1
h Order number of property value for destructive tests 6.1
HIC Halving interval at temperature equal to Tl 43,7
HIC, Halving interval corresponding to Tl, 7.3
i Order number of exposure temperature 4.1,6.2
j Order number of time to end-point 4.1,6.2
k Number of ageing temperatures 4.1,6.2
m; Number of specimens aged at temperature 9 4.1,6.1
N Total number of times to end-point 6.2
ng Number of property values in group aged for time z, 6.1

n; Number of values of y at temperature $; 4.1,6.1



Mean value of property values in selected groups

Value of diagnostic property

Significance level of »2 distribution

Value of diagnostic property at end-point for destructive tests

Mean of property values in group aged for time z,

Individual property value
Base of logarithms

Number of ageing times selected for inclusion in calculation
(destructive tests)

Square of correlation coefficient

Weighted mean of s12 and s%
Weighted mean of 5121., pooled variance within selected groups
Adjusted value of s12

Variance of property values in group aged for time z,
Variance of y;; values at temperature 9;

Variance about regression line
Adjusted value of s2
Intermediate constant

Variance of Y

Student distributed stochastic variable
Adjusted value of ¢ (incomplete data)
Lower 95 % confidence limit of Tl
Adjusted value of TC

Temperature Index

Temperature Index at 10 kh

Adjusted value of TI

Temperature index obtained by graphical means or
without defined confidence limits

Independent variable: reciprocal of thermodynamic temperature

Weighted mean value of x

Specified value of x for estimation of y
Estimated value of x at specified value of y
Upper 95 % confidence limit of X

Reciprocal of thermodynamic temperature corresponding to 9;
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6.1

6.1
4.4,6.3.1
6.1
6.1

6.1
6.3

6.1
6.2.3

6.3
43,6.1-6.3
4.4,6.3

6.1

4.3,6.2

6.1-6.3
6.3
6.3

6.3
6.3
6.3
4.4,7
7.1
43,7
7.1
7.3

7.3

6.2
6.3

6.3
6.3
4.1, 6.1
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Weighted mean value of y
Dependent variable: logarithm of time to end-point

Estimated value of y at specified value of x
Specified value of y for estimation of x

Lower 95 % confidence limit of ¥

Mean values of y;; at temperature

Value of y corresponding to z;

Mean value of z,

Logarithm of ageing time for destructive tests — group g
Censored data coefficient for variance

Censored data coefficient for variance

Censored data coefficient for variance of mean
The temperature 0 °C on the thermodynamic scale (273,15 K)

Estimate of temperature for temperature index
Confidence limit of 9

Ageing temperature for group i

Censored data coefficient for mean

Central second moment of x values

Total number of property values selected at one ageing temperature
Time selected for estimate of temperature

Times to end-point

r2-distributed stochastic variable

4 Principles of calculations

4.1

The general calculation procedures and instructions given in clause 6 are based on the principles

General principles

6.2

6.3
6.3
6.3
43,6.2
4.1, 6.1
6.1
6.1
43,6.2
43,6.2
4.3,6.2
4.1, 6.1

6.3.3
6.3.3

4.1, 6.1
4.3,6.2
6.2,6.3
6.1
6.3
6.3
6.3

set out in IEC 60493-1. These may be simplified as follows (see 3.7.1 of IEC 60493-1):

a) the relation between the mean of the logarithms of the times taken to reach the specified
end-point (times to end-point) and the reciprocal of the thermodynamic (absolute)

temperature is linear;

b) the values of the deviations of the logarithms of the times to end-point from the linear
relation are normally distributed with a variance which is independent of the ageing

temperature.

The data used in the general calculation procedures are obtained from the experimental data
by a preliminary calculation. The details of this calculation are dependent on the character of
the diagnostic test: non-destructive, proof or destructive (see 4.2). In all cases the data

comprise values of x, y, m, n and &,
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where
x; = 1/(:9; + ©g) = reciprocal of thermodynamic value of ageing temperature 9 in °C;
Op= 273,15 K;

vij = log z; = logarithm of value of time (j) to end-point at temperature §;
n; = number of y values in group number i aged at temperature 4;

m; = number of samples in group number i aged at temperature 9; (different from »n; for
censored data);

k = number of ageing temperatures or groups of y values.
NOTE Any number may be used as the base for logarithms, provided consistency is observed throughout

calculations. The use of natural logarithms (base e) is recommended, since most computer programming
languages and scientific calculators have this facility.

4.2 Preliminary calculations

In all cases, the reciprocals of the thermodynamic values of the ageing temperatures are
calculated as the values of x;.

The values of y;; are calculated as the values of the logarithms of the individual times to end-
point z;; obtained as described below.

In many cases of non-destructive and proof tests, it is advisable for economic reasons, (for
example, when the scatter of the data is high) to stop ageing before all specimens have
reached the end-point, at least for some temperature groups. In such cases, the procedure for
calculation on censored data (see 6.2.1.2) shall be carried out on the (x, y) data available.

Groups of complete and incomplete data or groups censored at a different point for each
ageing temperature may be used together in one calculation in 6.2.1.2.

4.21 Non-destructive tests

Non-destructive tests, (for example, loss of mass on ageing) give directly the value of the
diagnostic property of each specimen each time it is measured at the end of an ageing period.
The time to end-point 7; is therefore available, either direct or by linear interpolation between
consecutive measurements.

4.2.2 Proof tests

The time to end-point ¢; for an individual specimen is taken as the mid-point of the ageing
period immediately prior to reaching the end-point (6.3.2 of IEC 60216-1).

4.2.3 Destructive tests

When destructive test criteria are employed, each test specimen is destroyed in obtaining a
property value and its time to end-point cannot therefore be measured direct.

To enable estimates of the times to end-point to be obtained, the assumptions are made that
in the vicinity of the endpoint

a) the relation between the mean property values and the logarithm of the ageing time is
approximately linear;
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b) the values of the deviations of the individual property values from this linear relation are
normally distributed with a variance which is independent of the ageing time;

c) the curves of property versus logarithm of time for the individual test specimens are
straight lines parallel to the line representing the relation of a) above.

For application of these assumptions, an ageing curve is drawn for the data obtained at each
of the ageing times. The curve is obtained by plotting the mean value of property for each
specimen group against the logarithm of its ageing time. If possible, ageing is continued at
each temperature until at least one group mean is beyond the end-point level. An
approximately linear region of this curve is drawn in the vicinity of the end-point line (see
figure D.2).

A statistical test (F-test) is carried out to decide whether deviations from linearity of the
selected region are acceptable (see 6.1.4.4). If acceptable, then, on the same graph, points
representing the properties of the individual specimens are drawn. A line parallel to the
ageing line is drawn through each individual specimen data point. The estimate of
the logarithm of the time to end-point for that specimen (y;;) is then the value of the logarithm
of time corresponding to the intersection of the line with the end-point line (figure D.2).

With some limitations, an extrapolation of the linear mean value graph to the end-point level is
permitted.

The above operations are executed numerically in the calculations detailed in 6.1.4.

4.3 Variance calculations

Commencing with the values of x and y obtained as above, the following calculations are
made:

For each group of y;; values, the mean y; and variance 5121. are calculated, and from the latter

2

the pooled variance within the groups, sf,

is derived, weighting the groups according to size.

For incomplete data the calculations have been developed from those originated by Saw [1]1)
and given in 6.2.1.2. The coefficients required (ux for mean, «, g for variance and ¢ for deriving
the variance of mean from the group variance) are given in table C.1. For multiple groups, the
variances are pooled, weighting according to the group size. The mean value of the group
values of ¢ is obtained without weighting, and multiplied by the pooled variance.

From the means y; and the values of x;, the coefficients a and b (the coefficients of the best

fit linear representation of the relationship between x and y) are calculated by linear
regression analysis.

From the regression coefficients the values of Tl and HIC are calculated. The variance of
the deviations from the regression line is calculated from the regression coefficients and the
group means.

1) Figures in square brackets refer to the bibliography.
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4.4  Statistical tests
The following statistical tests are made:

a) Fisher test for linearity (F-test) on destructive test data prior to the calculation of estimated
times to end-point (see 4.2.3);

b) variance equality (Bartlett's y2-test) to establish whether the variances within the groups of
y values differ significantly;

c) F-test to establish whether the ratio of the deviations from the regression line to the
pooled variance within the data groups is greater than the reference value Fy, i.e. to test
the validity of the Arrhenius hypothesis as applied to the test data.

In the case of data of very small dispersion, it is possible for a non-linearity to be detected as
statistically significant which is of little practical importance.

In order that a result may be obtained even where the requirements of the F-test are not met
for this reason, a procedure is included as follows:

1) increase the value of the pooled variance within the groups (s12) by the factor F/Fy so that
the F-test gives a result which is just acceptable (see 6.3.2);

2) use this adjusted value (512)a to calculate the lower confidence limit TC, of the result;

3) if the lower confidence interval (Tl — TC,) is found acceptable, the non-linearity is deemed
to be of no practical importance (see 6.3.2);

4) from the components of the data dispersion, (512) and (s%) the confidence interval of an

estimate is calculated using the regression equation.

When the temperature index (TI), its lower confidence limit (TC) and the halving interval (HIC)
have been calculated, (see 7.1), the result is considered acceptable if

TI-TC <0,6 HIC (1)

When the lower confidence interval (Tl — TC) exceeds 0,6 HIC by a small margin, a usable
result may still be obtained, provided F < Fg, by substituting (TC + 0,6 HIC) for the value of Tl
(see clause 7).

4.5 Results

The temperature index (Tl), its halving interval (HIC) and its lower 95 % confidence limit (TC)
are calculated from the regression equation, making allowance as described above for minor
deviations from the prescribed results of the statistical tests.

The mode of reporting of the temperature index and halving interval is determined by the
results of the statistical tests (see 7.2).

It is necessary to emphasize the need to present the thermal endurance graph as part of the
report, since a single numerical result, Tl (HIC), cannot present an overall qualitative view of
the test data, and appraisal of the data cannot be complete without this.
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5 Requirements and recommendations for valid calculations

5.1 Requirements for experimental data

The data submitted to the procedures of this standard shall conform to the requirements of
5.1 to 5.8 of IEC 60216-1.

51.1 Non-destructive tests

For most diagnostic properties in this category, groups of five specimens will be adequate.
However, if the data dispersion (confidence interval, see 6.3.3) is found to be too great, more
satisfactory results are likely to be obtained by using a greater number of specimens. This is
particularly true if it is necessary to terminate ageing before all specimens have reached end-
point.

5.1.2 Proof tests

Not more than one specimen in any group shall reach end-point during the first ageing period:
if more than one group contains such a specimen, the experimental procedure should be
carefully examined (see 6.1.3) and the occurrence included in the test report.

The number of specimens in each group shall be at least five, and for practical reasons the
maximum number treatable is restricted to 31 (table C.1). The recommended number for most
purposes is 21.

51.3 Destructive tests

At each temperature, ageing should be continued until the property value mean of at least one
group is above and at least one below the end-point level. In some circumstances, and with
appropriate limitations, a small extrapolation of the property value mean past the end-point
level may be permitted (see 6.1.4.4). This shall not be permitted for more than one
temperature group.

5.2 Precision of calculations

Many of the calculation steps involve summing of the differences of numbers or the squares
of these differences, where the differences may be small by comparison with the numbers. In
these circumstances it is necessary that the calculations be made with an internal precision of
at least six significant digits, and preferably more, to achieve a result precision of three
significant digits. In view of the repetitive and tedious nature of the calculations, it is strongly
recommended that they be performed using a programmable calculator or microcomputer, in
which case internal precision of ten or more significant digits is easily available.
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6 Calculation procedures

6.1 Preliminary calculations
6.1.1 Temperatures and x-values

For all types of test, express each ageing temperature in K on the thermodynamic
temperature scale, and calculate its reciprocal for use as x;:

x; = 1(9; + Op) (2)
where Og = 273, 15 K.
6.1.2 Non-destructive tests

For specimen number j of group number i a property value after each ageing period is
obtained. From these values, if necessary by linear interpolation, obtain the time to end-point
and calculate its logarithm as y;;.

6.1.3 Proof tests

For specimen number ; of group number i calculate the mid point of the ageing period
immediately prior to reaching the end-point and take the logarithm of this time as y;;.

A time to end-point within the first ageing period shall be treated as invalid. Either:

a) start again with a new group of specimens, or

b) ignore the specimen and reduce the value ascribed to the number of specimens in the
group (m;) by one in the calculation for group means and variances (see 6.2.1.2).

If the end-point is reached for more than one specimen during the first period, discard the
group and test a further group, paying particular attention to any critical points of experimental
procedure.

6.1.4 Destructive tests

Within the groups of specimens aged at each temperature 9, carry out the procedures
described in 6.1.4.1 t0 6.1.4.5.

NOTE The subscript i is omitted from the expressions in 6.1.4.2 to 6.1.4.4 in order to avoid confusing multiple
subscript combinations in print. The calculations of these subclauses shall be carried out separately on the data
from each ageing temperature.

6.1.4.1 Calculate the mean property value for the data group obtained at each ageing time
and the logarithm of the ageing time. Plot these values on a graph with the property value p
as ordinate and the logarithm of the ageing time z as abscissa (see figure D.2). Fit by visual
means a smooth curve through the mean property points.

6.1.4.2 Select a time range within which the curve so fitted is approximately linear
(see 6.1.4.4). Ensure that this time range includes at least three mean property values with at
least one point on each side of the end-point line p = p.. If this is not the case, and further
measurements at greater times cannot be made (for example, because no specimens
remain), a small extrapolation is permitted, subject to the conditions of 6.1.4.4.
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Let the number of selected mean values (and corresponding value groups) be r, the
logarithms of the individual ageing times be z, and the individual property values be py,
where

g =1 ... ris the order number of the selected group tested at time z,;

h =1 ... ngis the order number of the property value within group number g;

ng is the number of property values in group number g.

In most cases the number n, of specimens tested at each test time is identical, but this is not

a necessary condition, and the calculation can be carried out with different values of n, for
different groups.

Calculate the mean value P and the variance s12g for each selected property value group.
g
Py =D Pan!ng (3)
h=1
2 & 2 2
st = 2. pk —ngPs | [ g 1) 4)
h=1
Calculate the logarithms of z,:
zg = log 7, (5)

6.1.4.3 Calculate the values

v=§yg (6)

g=1
.
E=Zzgng/v (7)
g=1
D= Pang /v (8)

Calculate the coefficients of the regression equation p=a, +b,z

a,=p-b,z (9)

b, =& (10)
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Calculate the pooled variance within the property groups
2 N 2
s =Z(ng—1) 1g/(v—r) (11)

g=1

Calculate the weighted variance of the deviations of the property group means from the
regression line

2= ng(pe - B,) % (r-2) (12)

where

P =aP+bP Zg (13)

This may also be expressed as

r r
52 = [anﬁg_v,—pz]—b,)[zngzgﬁg—vzﬁ] (r-2) (14)
g=1 g=1

6.1.4.4 Make the F-test for non-linearity at significance level 0,05 by calculating

F=s§/s12 (15)

If the calculated value of F exceeds the tabulated value Fq with f, = r -2 and f; = v — r
degrees of freedom (see table C.2).

Fy=F(0,95,r—2,v—-r)
change the selection in 6.1.4.2 and repeat the calculations.

If it is not possible to satisfy the F-test on the significance level 0,05 with » = 3, make the F-test at
a significance level 0,005 by comparing the calculated value of F with the tabulated value F» with
fn=r—2andf; =v—rdegrees of freedom (see tables C.2 and C.3).

Fo=F(0,995,r—2,v-7)

If the test is satisfied at this level, the calculations may be continued, but the adjustment of Tl
according to 7.3.2 is not permitted.

If the F-test on significance level 0,005 (i.e. F < Fy) cannot be satisfied, or the property points
plotted according to 6.1.4.1 are all on the same side of the end-point line, an extrapolation
may be permitted, subject to the following condition.
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If the F-test on significance level 0,05 can be met for a range of values (with » = 3) where all
mean values p, are on the same side of the end-point value p,, an extrapolation may be

made provided that the absolute value of the difference between the end-point value p, and
the mean value Eg closest to the end-point (usually p,) is less than 0,25 of the absolute

value of the difference (py -7, ).

In this case calculations can be continued, but again it is not permitted to carry out the adjust-
ment of Tl according to 7.3.2.

6.1.4.5 For each value of property in each of the selected groups, calculate the logarithm of
the estimated time to end-point.

vi=zg oy~ pe)fbr (16)

n;=v (17)

where

j=1...n;is the order number of the y-value in the group of estimated y-values at temperature
J; and z, is the logarithm of the ageing time.

The n; values of y;; are the log(time) values to be used in the calculations of 6.2.1.

6.1.5 Incomplete data

In the case of incomplete data, arrange each group of y values in ascending order (see 3.1.1).

6.2 Main calculations
6.2.1 Calculation of group means and variances

Calculate the mean and variance of the group of y-values, y;;, obtained at each temperature ..

6.2.1.1 Complete data

For tests where the data are complete (i.e. not censored) the conventional equations may be
used:

nj
o= vl (18)
j=1

n;
S12i = Zy,f —n 3% | (n; -1) (19)
=
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Alternatively, the equations for incomplete data (6.2.1.2) may be used, although they are
much less convenient for this purpose. The coefficients are then given the following values:

a; =1/(n; =1) (20)
p— (21)
Coni(n =)

i =1-1/n; (22)

6.2.1.2 Censored data

Instead of equations (18) and (19), the following equations shall be used:

n;—1
_ 1 y
i == 4)vin, + 1 Z—(n, - ) (23)
1

J=1

2 I’ll':1 2 }’ll'
Sy = Z(/Vini - yij) + B 2
= '

-1
Jj=1

2
(— )] (24)

The values of y;, «;, and g; shall be read from the appropriate lines of table C.1. Where data
is partially censored (i.e. one or more temperature groups is complete and one or more
censored) the values shall be derived using equations (20) to (22).

6.2.2 General means and variances

Calculate the total number of y; values, N, the weighted mean value of x, (x), and the
weighted mean value of y, (7):

k
N=>n, (25)
i=1
X = Zn,.x,. /N (26)
y= myi/N (27)

For censored data calculate the total number of test specimens:

M=>"m (28)
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For complete data, M = N.

For censored data, read the values of & from table C.1. For complete data, or if n;
partially censored data, the value of ¢ shall be 1.

Calculate the general mean variance factor:

k
gzzgi/k
i=1

Calculate the pooled variance within the data groups:

k
s12 = EZ(ni —1)5121. /(N - k)

i=1

Calculate the second central moment of the x values:

k
Znixiz ~N¥?

i=1

o (x) = N

6.2.3 Regression calculations

In the expression for the regression line:

y=a+bx

Calculate the slope:

the intercept on the y-axis

and the square of the correlation coefficient:

. 2
Z”ixiJ’i - Nxy

i=1

k k
{Znixiz - N)_cz] (Zniyiz - N;z}

i=1 i=1

I"2=

= m; in

(29)

(30)

(31)

(32)

(33)

(34)

(3%5)
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Calculate the variance of the deviations of the y-means from the regression line:

k(5 —y -
s§=zn’l 2Y)l ., Y. =a+byx (36)

or
1- - —
i (k _rz) [Z”iyfz -N yzj (37)

6.3 Statistical tests
6.3.1 Variance equality test

Calculate the value of Bartlett's 2 function:

c

k
2 _Ing
4 [(N k logq?—; n; —1 logqs1l] (38)

where

c=1+

(39)

g is the base of the logarithms used in this equation. It need not be the same as that used in
the calculations elsewhere in this clause.

If g =10,1n¢=2,303,ifg=c,Ing=1.

Compare the value of 2 with the tabulated value for f = (k — 1) degrees of freedom (table
C.5). If the value of 42 is greater than the value tabulated for a significance level of 0,05,
report the value of y2 and the significance level tabulated for the highest value less than 2.
Alternatively, if both »2 and its significance level are calculated by a computer program, report
these.

6.3.2 Linearity test (F-test)

The variance of the deviations from the regression line s% is compared with the pooled

variance within the k£ groups of measurements s12 by the F-test at a significance level of 0,05.
Calculate the ratio
F=s5/s? (40)

and compare its value with the tabulated value Fg with f,, = k — 2 and f; = N — k degrees of
freedom (tables C.2 and C3).

Fo=F(0,95, k-2, N—k)
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a) If F £ Fy calculate the pooled variance estimate

2 2
2 (N-k)&i(zk)-Z)Sz (41)

b) If F > Fo, adjust s to (sf)a = s?(F/ Fy) and calculate an adjusted value of 52

.2 _92)s2
PR (1N)_+2§k )52 )

6.3.3 Confidence limits of X and Y estimates

Obtain the tabulated value of Student's ¢ with N — 2 degrees of freedom at a confidence level
of 0,95, 10,95N - 2 (table C.4).

Calculate the value of ¢ (z.) corrected for the amount of censoring of the data:

. 1 (=~n/M))
“ ltogsn-2 (N/8+45)

(43)

a) Y-estimates

Calculate the estimated value of Y corresponding to the given X and its lower 95 %
confidence limit:

YC=\A’—tCSy, Y =a+bx (44)
2 =\2

228, Worf (45)
N #i2(x)

For the confidence limit curve of the thermal endurance graph (see 6.4), Y. is calculated
for several (X, Y) pairs of values over the range of interest, and the curve drawn through
the points (X, Y,.) plotted on the graph.

If F > Fqthe value of s2 shall be replaced by sf (equation 42).
b) X-estimates

Calculate the value of X and its upper 95 % confidence limit, corresponding to a time to
end-point z;:

)}c=;+(Y—y)+chr (46)
b, b,
Y=logr, : X=(Y-a)/b (47)
2 2
b, =b-—e (48)
N b up(x)

2 A
52 _S_[b_'_,_ﬁuﬁ] (49)
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The temperature estimate and its lower 95 % confidence limit shall be calculated from the
corresponding X estimate and its upper confidence limit:

Xe (50)

6.4 Thermal endurance graph

When the regression line has been established, it is drawn on the thermal endurance graph,
i.e. a graph with y = log(r) as ordinate and x = 1/(3 U+ @,) as abscissa. Usually x is plotted as
increasing from right to left and the corresponding values of & in degrees Celsius (°C) are
marked on this axis (see figures D.1a and D.1b). Special graph paper is obtainable for this
purpose.

Alternatively, a computer programme executing this calculation may include a subroutine to
plot the graph on the appropriate non-linear scale.

The individual values y;; = log(z;) and the mean values y; obtained as in 6.2.1 are plotted on
the graph at the corresponding values of x;:

x; = 1(9; + Op) (51)

The thermal endurance graph may be completed by drawing the lower 95 % confidence curve
(see 6.3.3).

7 Calculation and requirements for results

71 Calculation of thermal endurance characteristics

Using the regression equation
y=a+bx (52)

(the coefficients @ and b being calculated according to 6.2.3) calculate the temperature in
degrees Celsius (°C) corresponding to a time to end-point of 20 kh. The numerical value of
this temperature is the temperature index, TI.

Calculate by the same method the numerical value of the temperature corresponding to a time
to end-point of 10 kh, Tl1g. The halving interval HIC is:

HIC = Tlyg - Tl (53)

Calculate by the method of 6.3.3 b), with ¥ = log 20000, the lower 95 % confidence limit of TI:
TC or TC, if the adjusted value sg is used.

Determine the value of (TI — TC)/HIC or (Tl — TCZ)/HIC.

Plot the thermal endurance graph (see 6.4).
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7.2 Summary of statistical tests and reporting

In table B.1, if the condition in the column headed "Test" is not met, the action is as indicated
in the final column. If the condition is met, the action is as indicated at the next step.
The same sequence is indicated in the decision flow chart for thermal endurance calculations,
see annex A.

7.3 Reporting of results

7.3.1 If the value of (Tl — TC)/HIC is < 0,6, the test result shall be reported in the format

TI (HIC): ... (. (54)
in accordance with 6.8 of IEC 60216-1.
7.3.2 If 0,6 <(TlI-TC)/HIC < 1,6 and at the same time, F < F (see 6.3.2) the value

Tla=TC + 0,6 HIC (55)
together with HIC shall be reported as Tl (HIC)....(...).
7.3.3 In all other cases the result shall be reported in the format

Tl,=..... , HIC,= ... (56)

8 Testreport

The test report shall include
a) a description of the tested material including dimensions and any conditioning of the
specimens;

b) the property investigated, the chosen end-point, and, if it was required to be determined,
the initial value of the property;

c) the test method used for determination of the property (for example, by reference to an
IEC publication);

d) any relevant information on the test procedure, for example, ageing environment;
e) the individual test temperatures, with the appropriate data for the test type;
1) for non-destructive tests, the individual times to end-point;

2) for proof tests, the numbers and durations of the ageing cycles, with the numbers of
specimens reaching end-point during the cycles;

3) for destructive tests, the ageing times and individual property values, with the graphs
of variation of property with ageing time;

f) the thermal endurance graph;

g) the temperature index and halving interval reported in the format defined in 7.3;
h) the value of y2 and k — 1 if required by 6.3.1;

i) first-cycle failures in accordance with 5.1.2.



Page 25
EN 60216-3:2002

Annex A
(normative)

Decision flow chart

Test specimen
groups at selected }Eeport
temperatures x“and P
I
Calculate estimates ; 2
of mean time to No Adjustss
end-point 20 _ 2 F
Calculate T (517)a =51 T
? Calculate s 2 Calculate s2
°”§ne:;rfﬁmate (Pools# andsz’) (Pool §12), and s,2)
5 000 h Calculate TI, TC, HIC Calculate TI, TC, HIC
7 ? No ? No
Extrapolation TI-TC<0,6 HIC TI-TC,<0,6 HIC
25K

Y A ? No
] TI-TC <1,6 HIC
Calculate estimates:
Vari 2
ariance s4j
Calculate 72
Calculate s7 No ?
Calculate S22 Destructive test
s22
Calculate F/=—+ ? No
$1 Without extrapolatio

]

Test new group

)

? No
AllF <F4

at lower temperature

Adjust Tl
\

Tl,=TC + 0,6 HIC

Report Report

Report - test data
TI (HIC) 30X (xx,) Tl =200 0or L out
HIG, =xxx

IEC 069/02
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Annex B

(normative)

Decision table

Table B.1 — Decisions and actions according to tests

Step Test or actiona Reference Acti?:ti;s«tNO»

1 Longest mean time to end-point >5 000 h 5.5 of IEC 60216-1 Go to step 15

2 Extrapolation <25 K 5.5 of IEC 60216-1 Go to step 15

3 P(y2, /)= 0,05 6.3.1 Report 42 and P
Go to step 4

4 F<Fy 6.3.2 Go to step 12

5 TI-TC<0,6 HIC 7.3 Go to step 7

6 Report Tl (HIC): ... (..) 7.3

7 TI-TC<1,6 HIC 7.3 Go to step 14

8 Destructive test criteria used 6.1.4.4 Go to step 11

9 Were data processed without extrapolation 6.1.4.4 Go to step 14

10 Where all values of F < Fy 6.1.4.4 Go to step 14

11 Report Tl, = TC + 0,6 HIC as TI (HIC): ... (..) 7.3

12 TI-TC,<0,6 HIC 6.3.2 Go to step 14

13 Report Tl (HIC): ... (..) 7.3

14 Report Tlg =..., HICg = ... 7.3

15 Test new group at a lower temperature

a An action is indicated by bold print.
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Table C.1 — Coefficients for censored data calculations

a

B

H

&

[o2)

© © © ©

10
10
10
10

11
11
11
11
11

12
12
12
12
12

13
13
13
13
13
13

© © N O 0 N O O ~

© O N O

-
o

10
11

7
8
9
10
11
12

614,4705061728
369,3153100012

395,4142139605
272,5287238052

415,5880351563
289,1914470089
215,5146796875

302,2559543304
227,1320334900
178,0192047851

312,9812000000
236,3858000000
186,6401000000
151,5120000000

244,1191560890
193,6205880047
158,2300608320
131,8030382363

250,6859320988
199,4695468487
163,6996121337
137,2299243827
116,5913210464

204,5349924229
168,3292196600
141,6425229674
121,0884792448
104,5060800375

208,9406118284
172,3464251400
145,4178687827
124,7371924225
108,3018058633
94,6796149706

-100,3801985597
—70,6712934899

-58,2701183523
—44,0988850936

—46,5401552734
—-38,0060438107
-30,1363662109

-32,0455510095
—26,7149242720
-21,8909055649

—26,3842700000
—23,2986100000
-19,7898900000
-16,6140800000

—20,0047740729
-17,6663604814
—15,2437931582
—13,0347627976

-16,8530354295
—-15,5836545374
-13,8371182557
-12,1001907793
-10,4969569718

-13,5767110244
-12,4439880795
-11,1219466676
-9,8359507754
—8,6333795848

-11,6456142827
-11,0865264201
-10,1472348992
-9,1300085328
-8,1510819663
—7,2252117874

0,0000000000
472,4937150842

222,6915218468
573,5126123815

0,0000000000
364,2642153815
642,2345606152

173,7451925589
462,3946896558
692,0082911498

0,0000000000

296,0526300000
534,4601800000
729,7119900000

142,3739002847
386,9526017618
589,6341322307
759,2533663842

0,0000000000

249,2599953079
457,2090965743
633,2292924678
783,0177949444

120,5748554921
332,5519557674
513,1493415383
668,5392651269
802,5441292356

0,0000000000

215,2023355151
399,3236520338
558,7461589055
697,7158560873
818,8697028778

860,4482888889
874,0745894447

835,7650306465
887,1066681426

841,7746734375
837,3681267819
898,7994404297

823,1325022970
845,5891673417
908,7175231765

830,5022000000
821,3172600000
855,2096700000
917,0583200000

815,8210886826
825,7590437753
864,6219294884
924,0989192531

822,9729127315
812,6308986254
832,5488161799
873,3355410880
930,0880372994

810,9803051840
814,7269021330
840,0625045817
881,2400322962
935,2282230049

817,5921863390
807,2699422973
819,3180095090
847,5908596926
888,3591181189
939,6794196639

NOTE «, B, xand ¢are all in units of 1 x 10-3.
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Table C.1 (continued)

m

n

a

B

H

&

14
14
14
14
14
14

15
15
15
15
15
15
15

16
16
16
16
16
16
16

17
17
17
17
17
17
17
17

18
18
18
18
18
18
18
18

8
9
10
11
12
13

8

9

10
11
12
13
14

9
10
11
12
13
14
15

9
10
11
12
13
14
15
16

10
11
12
13
14
15
16
17

175,9018422090
148,7066543210
127,8816896780
111,3817699729
97,9278246914
86,5363075231

179,0513405762
151,6274451540
130,6387362674
114,0457797966
100,5718881836
89,3466123861

79,6796956870

154,2518689085
133,0926552303
116,3971900144
102,8620227960
91,6475110414
82,1334839298
73,8281218530

156,6104758421
135,3069770991
118,4974933487
104,8944939376
93,6414079430
84,1578079201
75,9876912684
68,7761850391

137,3196901001
120,3965503416
106,7179571420
95,4179152353
85,9129822797
77,7846697341
70,6902823246
64,3706903919

-9,7746826098
-9,1891433745
—8,4224506929
—7,6266971302
—6,8636059259
—6,1355268822

—-8,5071530762
—-8,2566923172
—7,7228786289
—7,0973951863
—6,4648224487
-5,8578554309
-5,2751393667

—7,3527348129
—7,0374903483
—6,5718807983
—6,0590262781
-5,5485234808
-5,0573990501
—4,5839766095

—6,4764602745
—6,3698625234
—6,0543187349
-5,6546733211
-5,2310447166
—4,8133017972
—4,4100612544
—4,0203992390

-5,7208401228
—5,5477052124
—-5,2548692706
—4,9135219393
—4,5606570913
—4,2145025451
—-3,8792292982
-3,5548196830

104,5543516980
291,5140765844
454,0609002065
596,6235832604
722,2249188477
832,7192524487

0,0000000000

189,3157319524
354,3906973785
499,7526628800
628,5859288205
743,0997382709
844,6143938637

92,2865976624

259,4703005026
407,1074446942
538,4703518878
655,9153003723
761,0897304685
854,9400915790

0,0000000000

168,9795641122
318,5208867246
451,9486020413
571,6961830632
679,5480456810
776,7517032846
863,9866274899

82,5925913725

233,7625216775
368,9237739923
490,5582072725
600,5193900565
700,1840825530
790,5080136386
871,9769987244

807,5106793327
807,9273940741
825,0398828063
854,8238304463
894,7614153086
943,5668941976

813,5568182129
803,6572346196
810,9441335713
831,1920110198
861,6352648315
900,5262051665
946,9889014846

804,8901545650
803,4179489468
815,2259119510
837,4056164917
867,9864133589
905,7302132374
950,0229759376

810,4190113397
801,0660748802
805,3180627394
820,1513691949
843,4861778660
873,8803351313
910,4428918550
952,7308021373

802,8356541137
800,2584198483
808,4878348626
825,3579958906
849,3339891000
879,3395044075
914,7252389325
955,1618993620

NOTE «, B, xand ¢are all in units of 1 x 10-3.
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m

n

a

B

H

&

19
19
19
19
19
19
19
19
19

20
20
20
20
20
20
20
20
20

21
21
21
21
21
21
21
21
21
21

22
22
22
22
22
22
22
22
22
22

10
11
12
13
14
15
16
17
18

11
12
13
14
15
16
17
18
19

11
12
13
14
15
16
17
18
19
20

12
13
14
15
16
17
18
19
20
21

139,1496250000
122,1302375000
108,3704562500
97,0188250000
87,4809000000
79,3443750000
72,2973312500
66,0780873071
60,4951234568

123,7207246907
109,8822471135
98,4738232381
88,8993849835
80,7401190433
73,6945982033
67,5243573136
62,0270511202
57,0593311634

125,1805042688
111,2748584476
99,8073278954
90,1927034195
82,0068958400
74,9465754505
68,7848146833
63,3357410645
58,4412075437
53,9924872844

112,5622493763
101,0383585659
91,3804604560
83,1655367136
76,0857406653
69,9154470902
64,4795955687
59,6311106506
55,2451821096
51,2381885483

-5,0900181250
-5,0534809375
—4,8618459375
—4,5986040625
—4,3069634375
—4,0105056250
—3,7204237500
—-3,4385965290
-3,1657522324

—4,5719038494
—4,4770355488
—4,2879392332
—4,0546864523
-3,8047814139
—-3,5536092812
-3,3080573368
-3,0688692068
—2,8372923418

—4,1027870814
—4,1010407267
—-3,9827324033
-3,8051093799
—-3,5996961022
—3,3846323534
-3,1701150195
—2,9603773312
—2,7556394531
—2,5574642897

—3,7339426543
—-3,6836764565
—-3,5591868547
-3,3963282816
-3,2157585729
—-3,0297597429
—2,8451649972
—2,6645660073
—2,4879744683
—2,3171119644

0,0000000000

152,5838471875
289,2318165625
412,4553559375
524,1508350000
625,7586734375
718,3571609375
802,6848402810
879,0853247478

74,7399526898

212,6836623662
337,2732389272
450,4338248217
553,6438253890
648,0414354618
734,4814490502
813,5380807649
885,4495276379

0,0000000000

139,0856144175
264,8685742314
379,2915229528
483,8588877922
579,7432762887
667,8566522885
748,8832650493
823,2713052490
891,1802616762

68,2498992309

195,0883064772
310,6161204268
416,3557572996
513,5029910799
603,0017042238
685,5911008461
761,8232057644
832,0484727783
896,3673255616

807,9096187500
799,1198428125
801,3602625000
812,3967434375
830,6312000000
854,9021531250
884,3945350000
918,6300659873
957,3563882895

801,1790116264
797,9482811738
803,6777212196
816,7130862373
835,8437320329
860,1735387686
889,0784510048
922,2028072690
959,3470694381

805,8572211871
797,6054376202
798,4725915308
806,7637854827
821,2259618217
840,9212051713
865,1477737296
893,4238105389
925,4824714209
961,1609917803

799,8134564378
796,2007530338
800,1345064303
810,3242215503
825,8000270835
845,8218001615
869,8337436326
897,4613278831
928,5025656429
962,8206447076

NOTE «, B, uand ¢are all in units of 1 x 10-3.
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Table C.1 (continued)

m

n

a

B

H

&

23
23
23
23
23
23
23
23
23
23
23

24
24
24
24
24
24
24
24
24
24
24

25
25
25
25
25
25
25
25
25
25
25
25

26
26
26
26
26
26
26
26
26
26
26
26

12
13
14
15
16
17
18
19
20
21
22

13
14
15
16
17
18
19
20
21
22
23

13
14
15
16
17
18
19
20
21
22
23
24

14
15
16
17
18
19
20
21
22
23
24
25

113,7531148245
102,1805929155
92,4787143782
84,2320650394
77,1306716018
70,9462283196
65,5067730517
60,6745439037
56,3317476641
52,3789712444
48,7509673306

103,2433478819
93,4998991613
85,2198224000
78,0948480411
71,8941228860
66,4447043048
61,6126915633
57,2879088000
53,3750541943
49,7942298597
46,4937670005

104,2328856132
94,4531438920
86,1396570015
78,9893820242
72,7708231743
67,3090611675
62,4704476832
58,1487801571
54,2547721412
50,7106344695
47,4515824664
44,4360844355

95,3449516529
87,0000110601
79,8235563470
73,5857124933
68,1102550823
63,2623426172
58,9367927789
55,0480429364
51,5229352216
48,2974664808
45,3186434134
42,5525832097

—-3,3756614624
-3,3910352539
-3,3175684539
—3,1954304107
—3,0479567336
-2,8891287395
—2,7274270713
—2,5674672567
—2,4108249757
—2,2574588071
-2,1091382204

-3,1048361929
-3,0805979769
—2,9975602432
—2,8818367882
—2,7491283441
—2,6091448018
—2,4678299408
—2,3283191552
-2,1915606657
—2,0575307047
-1,9279731656

-2,8250501511
—2,8483968323
—2,8030714582
—2,7178609400
-2,6102752025
-2,4911808278
—2,3674613613
—2,2433309433
-2,1209279325
—2,0008151849
-1,8830136520
-1,7691959649

—2,6209763465
-2,6121400166
—2,5563562391
—2,4729505699
—2,3739926858
—2,2671844225
—2,1574866751
—2,0479145245
-1,9399299519
—-1,8338615040
—1,7297802734
—1,6292615541

0,0000000000

127,7797799222
244,2868537307
351,0543166209
449,2947092156
539,9727159165
623,8577387905
701,5547596051
773,5119026250
840,0031107829
901,0843478372

62,7962963934

180,1796657031
287,8595445984
387,0601172274
478,7611920828
563,7511952496
642,6640805184
715,9989838080
784,1214493452
847,2450550466
905,3922645488

0,0000000000

118,1726878830
226,6706783537
326,7248166681
419,3261414998
505,2766660081
585,2280935412
659,7075915449
729,1297472481
793,7938286936
853,8654746859
909,3419372255

58,1493461856

167,3864953313
268,2070524346
361,6097876691
448,4070425448
529,2628483474
604,7212241224
675,2239918901
741,1174467776
802,6472197534
859,9406706514
912,9761491712

804,1474989583
796,3938026565
796,3022860399
802,5583945106
814,1621969549
830,3483079467
850,5239901982
874,2452031077
901,2192903703
931,2919267259
964,3448710375

798,6676773352
794,8416535458
797,4563606400
805,4868099248
818,1445544127
834,8153636945
855,0189514195
878,3981891840
904,7233952180
933,8754408471
965,7495722974

802,7013015441
795,4024387937
794,6305407379
799,3466482243
808,7406844958
822,1806443986
839,1665981029
859,3057874761
882,3094990236
907,9968030989
936,2746548624
967,0482582508

797,6921057014
793,7600455859
795,3879797465
801,7490889242
812,1940558767
826,2086884902
843,3813295696
863,3884840036
885,9958055677
911,0602971929
938,5082900934
968,2524787108

NOTE «, B, uand ¢are all in units of 1 x 10-3.
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m

n

a

B

H

&

27
27
27
27
27
27
27
27
27
27
27
27
27

28
28
28
28
28
28
28
28
28
28
28
28
28

29
29
29
29
29
29
29
29
29
29
29
29
29
29

14
15
16
17
18
19
20
21
22
23
24
25
26

15
16
17
18
19
20
21
22
23
24
25
26
27

15
16
17
18
19
20
21
22
23
24
25
26
27
28

96,1799524157
87,8072339510
80,6049085854
74,3466955590
68,8563635730
63,9978278861
59,6654080049
55,7749666285
52,2566505091
49,0499538933
46,1018252034
43,3685376227
40,8220442466

88,5660259125
81,3393701057
75,0603739817
69,5541501973
64,6839991218
60,3433137634
56,4479788544
52,9297209889
49,7308667081
46,8009654263
44,0957340937
41,5787804887
39,2265620349

89,2798839506
82,0315098349
75,7321296520
70,2093506173
65,3267056512
60,9768578172
57,0751222222
53,5535949791
50,3561788346
47,4347950617
44,7470712190
42,2557943767
39,9304194120
37,7509219731

—2,3983307950
—2,4248248792
-2,3975186913
—2,3374412078
—2,2578996096
—2,1674187844
-2,0715671753
-1,9739678436
-1,8767936096
-1,7810451416
—-1,6869108574
-1,5945075052
-1,5053002920

—2,2411328182
—2,2414413970
—2,2039406070
—2,1431471452
—2,0684387560
-1,9859661249
-1,8998226295
-1,8126830339
-1,7261222115
-1,6408249821
-1,5568981499
-1,4744958266
-1,3949691273

-2,0610683539
—2,0881547819
—2,0725597540
—2,0299142798
-1,9704535803
-1,9009261993
-1,8258524691
—1,7482834402
-1,6702113813
—-1,5927829630
-1,5164662295
—1,4413224717
-1,3675341081
-1,2963396833

0,0000000000

109,9084470023
211,4227629241
305,5459346098
393,0980364707
474,7524530084
551,0645680133
622,4924148013
689,4087818496
752,1042681971
810,7807829691
865,5349833899
916,3311456462

54,1424788011

156,2886460959
251,0647971307
339,2962419039
421,6636413417
498,7308586043
570,9665830432
638,7593370987
702,4254764256
762,2097935366
818,2783352524
870,7030442470
919,4378349773

0,0000000000

102,7240365303
198,0959608027
286,9437737860
369,9535738121
447,6958995522
520,6472033745
589,2061520394
653,7044516931
714,4118941152
771,5353211803
825,2112044901
875,4915371353
922,3227345445

801,4620973787
794,5762402919
793,3158799216
796,8463988729
804,5028770565
815,7576173705
830,1867939907
847,4482192120
867,2739476397
889,4731593849
913,9324867793
940,5926719763
969,3721656679

796,8511527567
792,8824325275
793,7610598373
798,8109866022
807,4913705645
819,3677667693
834,0869174986
851,3622108001
870,9707362940
892,7567254884
916,6300223837
942,5420886878
970,4159065169

800,3884370370
793,8770365482
792,2635822278
794,8680140741
801,1382490326
810,6292670577
822,9791690123
837,8907417215
855,1224584510
874,4882360494
895,8606629483
919,1678051803
944,3690905327
971,3911639175

NOTE @, B, uand ¢are all in units of 1 x 10-3.
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Table C.1 (continued)

m

n

a

B

H

&

30
30
30
30
30
30
30
30
30
30
30
30
30
30

31
31
31
31
31
31
31
31
31
31
31
31
31
31
31

16
17
18
19
20
21
22
23
24
25
26
27
28
29

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

82,6848208854
76,3662564658
70,8267629538
65,9309300986
61,5711678648
57,6621596530
54,1357421601
50,9363946094
48,0175200857
45,3387017070
42,8641163652
40,5622887708
38,4073685313
36,3821129993

83,3019925385
76,9661360877
71,4103278105
66,5009117575
62,1305948377
58,2136500316
54,6814518197
51,4784579361
48,5587515564
45,8832580326
43,4177502831
41,1317569496
38,9984874307
36,9958879027
35,1089424384

-1,9376644008
—1,9433496245
-1,9183170174
-1,8736230328
-1,8166270961
—1,7522778385
—-1,6839506825
-1,6139463118
-1,5437595603
-1,4742282493
-1,4056715102
-1,3381271218
-1,2717973971
-1,2078131518

—1,7899787388
-1,8163270487
-1,8084196718
-1,7780597559
—1,7332089792
—1,6792554773
-1,6198892883
-1,5576656387
—1,4943363914
-1,4310299785
-1,3683601397
—-1,3065437907
—-1,2456083418
-1,1857687888
-1,1280548995

50,6520145730

146,5702475018
235,9811143595
319,5743135792
397,9256281462
471,5175920251
540,7560773794
605,9825649718
667,4818601282
725,4850166532
780,1672310812
831,6404696499
879,9405903814
925,0087226562

0,0000000000
96,4208836722
186,3489334956
270,4755669886
349,3804542382
423,5510178697
493,3986895403
559,2717351874
621,4644612582
680,2226141518
735,7447851016
788,1796327268
837,6187354827
884,0848862383
927,5156412107

796,1185722795
792,1584763197
792,4611315875
796,4671299289
803,7214545789
813,8538227737
826,5596155283
841,5868189642
858,7309102420
877,8361298288
898,7980905027
921,5591821698
946,0847402411
972,3044539924

799,4492403168
793,2775680743
791,4083191149
793,2803915678
798,4306924738
806,4805828440
817,1187339274
830,0864157799
845,1685682487
862,1913335039
881,0240582666
901,5811029053
923,8161235884
947,6988227000
973,1614917466

NOTE «, B, uand ¢are all in units of 1 x 10-3.




Table C.2 - Fractiles of the F-distribution, F¢ g5
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S Su

£ 1 2 3 4 5 6 7
12 4,747 3,885 3,490 3,259 3,106 2,996 2,913
13 4,667 3,806 3,411 3,179 3,025 2,915 2,832
14 4,600 3,739 3,344 3,112 2,958 2,848 2,764
15 4,543 3,682 3,287 3,056 2,901 2,790 2,707
16 4,494 3,634 3,239 3,007 2,852 2,741 2,657
17 4,451 3,592 3,197 2,965 2,810 2,699 2,614
18 4,414 3,555 3,160 2,928 2,773 2,661 2,577
19 4,381 3,522 3,127 2,895 2,740 2,628 2,544
20 4,351 3,493 3,098 2,866 2,711 2,599 2,514
25 4,242 3,385 2,991 2,759 2,603 2,490 2,405
30 4,171 3,316 2,922 2,690 2,534 2,421 2,334
40 4,085 3,232 2,839 2,606 2,449 2,336 2,249
50 4,034 3,183 2,790 2,557 2,400 2,286 2,199
100 3,936 3,087 2,696 2,463 2,305 2,191 2,103
500 3,860 3,014 2,623 2,390 2,232 2,117 2,028

Table C.3 — Fractiles of the F-distribution, Fg 995

S Sa

£ 1 2 3 4 5 6 7
12 11,754 8,510 7,226 6,521 6,071 5,757 5,525
13 11,374 8,186 6,926 6,233 5,791 5,482 5,253
14 11,060 7,922 6,680 5,998 5,562 5,257 5,031
15 10,798 7,701 6,476 5,803 5,372 5,071 4,847
16 10,575 7,514 6,303 5,638 5,212 4,913 4,692
17 10,384 7,354 6,156 5,497 5,075 4,779 4,559
18 10,218 7,215 6,028 5,375 4,956 4,663 4,445
19 10,073 7,093 5,916 5,268 4,853 4,561 4,345
20 9,944 6,986 5,818 5,174 4,762 4,472 4,257
25 9,475 6,598 5,462 4,835 4,433 4,150 3,939
30 9,180 6,355 5,239 4,623 4,228 3,949 3,742
40 8,828 6,066 4,976 4,374 3,986 3,713 3,509
50 8,626 5,902 4,826 4,232 3,849 3,579 3,376
100 8,241 5,589 4,542 3,963 3,589 3,325 3,127
500 7,950 5,355 4,330 3,763 3,396 3,137 2,941
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Table C.4 —Fractiles of the 7-distribution, 79 g5

f t
1 6,314
2 2,920
3 2,353
4 2,132
5 2,015
6 1,943
7 1,895
8 1,860
9 1,833

10 1,812

11 1,796

12 1,782

13 1,771

14 1,761

15 1,753

16 1,746

17 1,740

18 1,734

19 1,729

20 1,725

25 1,708

30 1,697

40 1,684

50 1,676

100 1,660
500 1,64

Table C.5 — Fractiles of the y2-distribution

f p =0,95 p=0,99 p =0,995

1 3,8 6,6 7,9

2 6,0 9,2 10,6

3 7,8 11,3 12,8

4 9,5 13,3 14,9

5 11,1 15,1 16,7

6 12,6 16,8 18,5
NOTE The significance level P is equal to (1-p),
e.g. significance 0,05 corresponds to p = 0,95.
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Table D.1 — Worked example 1 — Censored data (proof tests)

0w N O O WN =S~

= = a2 s s A a a ag
© O N O a b WN -~ O

20

240

0,001948747929

Tij

1764
2772
2772
3780
4284
4284
4284
5292
7308
7812
7812

21
11

Yij

7,475339237
7,927324360
7,927324360
8,237479289
8,362642432
8,362642432
8,362642432
8,573951525
8,896724917
8,963416292
8,963416292

260

0,001875644753

Tij Yij

756 6,628041376
924 6,828712072
924 6,828712072
1176 7,069874128
1176 7,069874128
2184 7,688913337
2520 7,832014181
2856 7,957177323
2856 7,957177323
3192 8,068402959
3192 8,068402959
3864 8,259458195
4872 8,491259809
5208 8,557951184
5544 8,620471541
5880 8,679312041
5880 8,679312041
5880 8,679312041
21

18

280

0,001807827895

Tij
108
252
324
324
468
612
684
756
756
828
828
972
1428
1596
1932
1932
2100
2268
2604
2772
21
20

Yij

4,682131227
5,529429088
5,780743516
5,780743516
6,148468296
6,416732283
6,527957918
6,628041376
6,628041376
6,719013154
6,719013154
6,879355804
7,264030143
7,375255778
7,566311015
7,566311015
7,649692624
7,726653665
7,864804003
7,927324360

0,12518050427
—-0,00410278708
0
0,80585722119

83,0894872752

6,12724907570

8,963416292

0,59127835553

0,06333574106
—-0,00296037733
0,74888326505
0,89342381054

133,285066669

19,9557443468

8,050988496

0,66165281385

0,05399248728
—-0,00255746429
0,89118026168
0,96116099178

127,45272895

41,4224423138

6,84072074866

0,863951396023
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Table D.1 (continued)

Zsi /k  |0,886814007835 (29)
k
Znixiz 0,000170463415664
2 it
n;y: 2986,41183881

D mixiy; |0.711293042041

k
M=>"m |63 (28)
i=1
k
N=Yn 49 (25)
i=1
K
D nx; /N | 0,00186437531983 (26)

-

n;y; /N |7,76183239007 (27)
i=1

b 15307,1704959 (33)
a -20,8152860044 (34)
i 0,647296300122 (30)
sg 0,395498398826 (36)
F 0,611000555311 (40)
22 0,554692947413 (38)
c 1,03161932965 (39)
f0.05 N -2 1,677926722 (43)
1, 1,73895334031 (43)
1ip(x) 2,9498844403 x 10-9 (31)
52 0,641938897967 (41)
TI= g 225,827791333 (50)
TC =4, 214,550619764 (50)
HIC 11,5189953038 (53)

(TI = TC)/HIC |0,979006525432
TI, 221,462017221 (55)

Result TI(HIC):221,5(11,5)
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Table D.2 - Worked example 2 — Complete data
(non-destructive tests)

180
0,002206774799

G Yij

7410 8,910585718
6610 8,796338933
6170 8,727454117
5500 8,612503371
8910 9,094929520

200
0,002113494663

Tij Yij

3200 8,070906089
2620 7,870929597
2460 7,807916629
2540 7,839919360
3500 8,160518247

220
0,002027780594

G Yij

1100 7,003065459
740 6,606650186
720 6,579251212
620 6,429719478
910 6,813444599

44,14181166

389,8355291

8,828362332

0,03390545203

39,75018992

316,1130135

7,950037984

0,0024373442

33,43213093

223,741618

6,686426187

0,00500357814
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Table D.2 (continued)

i=1

k
Znixi/N

-

nyi N

HIC
(TI = TC)/HIC

Result

6,7243044211

929,25690285

0,24921587814

15

15

2,1160166854

7,8216088344

11929,077582
-17,42051837

0,0361048918

0,18856369729

5,222663409

4,747
0,466116435248
1,1111111111
1,7709333962
1,7709333962
5,3430011710 x 10-9
0,05119958608

163,428648665

158,670330155
11,3632557756
0,41874605344
TI(HIC):163(11,4)

(29)

(28)

(25)

(26)

(27)
(33)
(34)
(30)
(36)

(40)
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Figure D.1b — Example 2

NOTE In the above figures, the full line represents the regression equation, and the dotted line the lower 95 %
confidence limit of a temperature estimate. The figures are as drawn by the programme of Annex E.

Figure D.1 — Thermal endurance graph
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Table D.3 — Worked example 3 — Destructive tests

This worked example is given to illustrate the calculations specific for destructive test data,
and relates to a single test temperature. The data from this calculation and further test
temperatures would be entered into a calculation similar to that exemplified in worked
example 2 (table D.2).

End-point 70,0

[ 288 336 432 624 720

Dgh 139,5 121,9 101,2 77,8 69,6
125 109,3 99,5 74,6 69,4
120,8 98,3 98,4 71,4 67,2
112,7 96,5 92,4 68,2 60,4
112 93 78,1 60,5 59,4

n 5 5 5 5 5

ﬁg 122,00 103,80 93,92 70,50 65,20

512g 125,795 139,510 89,197 44,050 24,420

log 7, 5,66296 5,817111 6,068426 6,43615 6,579251

n; 25

- 6,1128

z

7 91,084

bp -59,4937

a, 454,756

2 84,594

53 77,266

F 0,913

Fy 3,098

Zgh 6,831151 6,689472 6,592851 6,567257 6,572528
6,587428 6,477685 6,564276 6,513469 6,569166
6,516832 6,292792 6,545787 6,459682 6,532187
6,380683 6,262536 6,444936 6,405895 6,41789
6,368917 6,203707 6,204574 6,27647 6,401081
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In the graph below, displaying the data of example 3, the line passing through the points
marked E and E’' indicates the chosen end-point. The points marked D and D’ are two
randomly selected data points, with lines parallel to the regression line intersecting the end-
point line at E and E'. The other points marked on the graph are the means of the property
value groups.

200

150
(2]
[0)
=}
©
>
P
@
s
a 100

50
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100 200 300 500 700 1 000
Time

IEC 072/02

Figure D.2 — Example 3: Property-time graph
(destructive test data)

Extrapolation

If in the above data set, only the data up to ageing time 624 h were available, the ageing
curve would not have crossed the end-point line, since 70,5 > 70,0. In this case, the extra-
polation required would be

(70,5 — 70,0) / (122,0 — 70,5) = 0,0097

This would be permitted, subject to the other restrictions of 6.1.4.4.
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Annex E
(informative)

Data files for computer programme

E.1 General

This computer programme is intended to carry out the calculation instructions specified in this
standard. It is one of many possible programs which could be written for this purpose. It is
written in a variation of the computer language BASIC, which was chosen because of its wide
availability on the microcomputer (PC) used almost universally and for the relative ease with
which programs written in FORTRAN may be adapted.

The dialect of BASIC used is that known as Quick Basic, although the program code given in
this annex should be usable with very little change in other forms of the language, such as
Power Basic or MS Professional Basic.

The program code given may be either entered in a text editor or in the program editor
supplied with the language. It may be used after compilation into an executable program file,
or in an interpreted mode following the instructions of the program language editor.

The program code is in two separate files, one being the actual calculation processor and the
other for entry of the data to a file in format suitable for retrieval by the first. The structure of
the data files is simple and can be easily deduced from the data entry program. There are
slight logical differences between the structures of files for destructive and non-destructive
(or proof) test data: both consist of ASCII text numerical representations of the data, with one
entry per line. A detailed description of the data file structure will be found after the program
code listing in this annex.

Data for processing should be entered using ENTRY.bas, and subsequently retrieved for
processing by Tl.bas. Any editing or review necessary after entry may be done in a text
processor. The editor of Quick Basic is quite suitable for this purpose.

It is recommended that this type of review of a file should be made in order to clarify the
details of the data file structure.

The statistical tests used in the calculations (F and ¢) are made with values of the statistical
functions obtained from very simple approximate algorithms. They may be in error by 1 %
or 2 %. This accuracy may be substantially improved by the use of accurate algorithms, but
only at the expense of several further pages of computer code. Useful routines (in FORTRAN,
Pascal or C) will be found in reference [2] (chapter 6 is relevant here), the FORTRAN routines
having been found extremely easy to adapt.

In the code representation which follows, continuation lines are indicated as such after the
continuation. The continuation line should be typed without any line break.

To enable checking of the computer code to be carried out easily, three data files are
provided in tabular form. These should be entered using a text editor, one number per line,
with a carriage return (Enter) at the end of each line, with no blank lines. The first two data
sets are those for the worked examples (1) and (2). The third (N3.dst) is for a set of
destructive test data. In the latter, the data selected as the linear region is indicated in the
specimen report provided.
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Tl.bas

DECLARE FUNCTION F95# (n2%, n1%)

DECLARE FUNCTION KeyChoice$ (compare$)

DECLARE FUNCTION t95# (n1%)

DECLARE FUNCTION Xc# (time#, xmean#, vx#, ym#())

DECLARE FUNCTION Yc# (xh#, vx#, xmean#)

DECLARE SUB DestData (temperature#(), times#(), property#(), ntimes%(), nProperty%())
DECLARE SUB Destgraph (temperature#, z#(), nt%, pMean#(), p#(), np%(), pmax#, z1#, z2#)
DECLARE SUB DestLinTest (z#(), pMean#(), pVar#(), np%(), start%, included%, nd%, pa#, pb#, F1#, Ex#)
DECLARE SUB DestMeans (p#(), nt%, np%(), pMean#(), pVar#(), pmax#)

DECLARE SUB DestTransform (temperature#(), time#(), property#(), ntimes%(), nProperty%())
DECLARE SUB Graph (ym#(), xmean#, vx#)

DECLARE SUB GraphScreenMode ()

DECLARE SUB MeanVAr (ym#(), s1#(), epsilon#)

DECLARE SUB NDTestData (temperature#(), time#())

DECLARE SUB Regression (xmean#, vx#, ym#(), s1#(), epsilon#, tm#, ti#)

DECLARE SUB Report (test$, temperature#(), time#(), ntimes%(), tm#, ti#)

DEFINT I-N

DEFDBL A-H, O-Z

TYPE statistic
value AS DOUBLE
nn AS INTEGER
nd AS INTEGER
reflevel AS DOUBLE
END TYPE

TYPE selection 'This composite variable type covers all components
start AS INTEGER 'of the selected data in destructive tests
included AS INTEGER
F AS DOUBLE
nn AS INTEGER
nd AS INTEGER
F995 AS DOUBLE
extrapolation AS DOUBLE

END TYPE

'$DYNAMIC

DIM SHARED k, 1, x(1), y(1, 1), nt, n(1), m(1), mt, flag(9) AS INTEGER

DIM SHARED TI, TC, HIC, ymean, a, b, s, DestSel(1) AS selection, chi AS statistic
DIM SHARED wd AS INTEGER, ht AS INTEGER, scrn AS INTEGER, lines

DIM SHARED p0, filename AS STRING

DIM temperature(1), time(1, 1), nProperty(1, 1)

DIM property(1, 1, 1), ntimes(1)

DIM SHARED F AS statistic

DIM ym(1), s1(1)

CONST TO = 273.15#, FALSE = 0, TRUE = NOT FALSE

CONST TITime = 20000# 'If you want to calculate Tl at any time other than
'20000, either change TITime here or make it a shared variable
'and add an entry routine for it.

CALL GraphScreenMode 'This call sets up the screen mode with the appropriate
'parameters

CLS

INPUT "Enter the drive letter for your data ", drive$

drive$ = LEFT$(drive$, 1) +":"

INPUT "Enter the directory name: if none press ENTER ", directory$
IF directory$ = "" THEN directory$ = "."

INPUT "Enter the file name ", filename

filename = drive$ + "\" + directory$ + "\" + filename
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Thkkkhkkhkkhkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhhkkhkkkkkxx DATA INPUT khkkkkhkkhkhkkkhkkhhkkhhkhkhhhhkhkhhdhhhhhhkhxkx

'The next group of calls open the data file for input, and get the data into
'arrays of the right size and type. The destructive test data are transformed
'into estimated times to endpoint after selection of the linear region.

PRINT "Is this a destructive test data set? Y/N"
test$ = KeyChoice$("YN")
IF test$ = "Y" THEN
test$ = "DEST"
CALL DestData(temperature(), time(), property(), ntimes(), nProperty())
REDIM DestSel(k) AS selection
CALL DestTransform(temperature(), time(), property(), ntimes(), nProperty())

ELSE

test$ = "ND"

CALL NDTestData(temperature(), time())
END IF

thkkkhkhkhhkhhhhhkhhhdhhhhkhkhhhkhkhkxd STATISTICS *hkhkhkhkhkhkhhkhkhkhkhkkkhkhkhkhkdkhkhkhkhkhhhhkkkk

'The means and variances are now calculated and then used in the regression
'routine. The Statistical tests are carried out partly here and partly in the
'Report routine, which also finishes the calculation of the value of Tl and HIC.

CALL MeanVAr(ym(), s1(), epsilon)
CALL Regression(xmean, vx, ym(), s1(), epsilon, tm, tl)

DO
CALL Report(test$, temperature(), time(), ntimes(), tm, tl)
any$ = INPUT$(1)
IF any$ = CHR$(27) THEN EXIT DO
CALL Graph(ym(), xmean, vx)
any$ = INPUT$(1)
SCREEN 0
LOOP UNTIL any$ = CHR$(27)

ChangeGraphMode:
SELECT CASE scrn
CASE 11 'SVGA screen mode not found
scrn =9
RESUME
CASE 9 'Colour VGA/EGA not found
scrn =8
RESUME
CASE 8 'Monochrome VGA/EGA not found
scrn = 3
RESUME
CASE 3 'Hercules not found, so prints a warning on the screen:
CLS
PRINT "No suitable graphics adapter/driver installed."
PRINT "You must have a graphics card, EGA, VGA or HERCULES"
PRINT "If you have a HERCULES card, you must run MSHERC before this program"
any$ = INPUTS$(1)
END SELECT

END



REM $STATIC

Thkkkhkkhkhkhkhkkhkkhkkhkkkkkkhkkkkkkkxkx Destructive Test Data Input Khkhkhkhkhkkhkhkhkhkhkhkhkhhhkkdkkkhkk
'This routine opens the file for Destructive test data, gets first the array
'dimensions and then reads the data into them in the sequence in which they
'were written

SUB DestData (temperature(), times(), property(), ntimes(), nProperty())

OPEN filename FOR INPUT AS #1
INPUT #1, k
INPUT #1, |
INPUT #1, maxnp
REDIM temperature(k), x(k), times(k, 1), property(k, |, maxnp)
REDIM ntimes(k), nProperty(k, 1), y(k, | * maxnp), n(k), m(k)
REDIM DestSel(k) AS selection
FORi=1TOKk
INPUT #1, temperature(i)
x(i) = 1/ (temperature(i) + TO)
INPUT #1, ntimes(i)
FOR j =1 TO ntimes(i)
INPUT #1, times(i, j)
INPUT #1, nProperty(i, j)
FOR j1 =1 TO nProperty(i, j)
INPUT #1, property(i, j, j1)
NEXT j1
NEXT j
NEXT i

INPUT #1, p0 'pO is the end-point value
CLOSE #1

END SUB

Thkkkkhkhhhhhhkhkhhhhhkkkhkkkk DeStGraph khkkkhkkhkhhhkhhhhkhkhhkhhhhkhhhhkhhhhhkkkkhkkx

'This routine draws the scales and axes for the plotting of the destructive
'test ageing curve and lets you choose the best linear region in the next
'sub-routine.

SUB Destgraph (temperature, z(), ntms, pMean(), p(), np(), pmax, z1, z2)

CLS O
z1=2(1)* .98
z2 = z(ntms) * 1.05
r1=(z2-2z1)/500
r2=3%*r1
p2 =1.1* pmax
SCREEN scrn
VIEW (wd / 20, ht / 100) — (wd * .95, ht * .75), 0, 7
WINDOW (z1, 0) — (z2, p2)
FORi=1TO ntms
CIRCLE (z(i), pMean(i)), r2, 7
FOR j=1 TO np(i)
CIRCLE (z(i), p(i, j)), r1, 7
NEXT j
NEXT i
LINE (z1, p0) — (z2, p0), 7
VIEW PRINT lines * .8 TO lines
LOCATE lines * .8, 1,0
PRINT "Temperature "; temperature;
VIEW PRINT 1 + lines * .8 TO lines

END SUB
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SUB DestLinTest (z(), pMean(), pVar(), np(), start%, included, nd, pa, pb, F1, Ex)

DIM g AS INTEGER, leastp AS DOUBLE
leastp = pMean(start%)
highp = pMean(start%)
nd=0
FOR g1% =1 TO included
g=start% -1 +g1%
ss1 =ss1 + pVar(g) * (np(g) — 1)
nd = nd + np(g)
sz = sz + np(9) * z(9)
ssz =ssz + np(g) " z(g) * z(9)
ssmp = ssmp + np(g) * pMean(g) * pMean(g)
smpz = smpz + np(g) * pMean(g) * z(g)
sp = sp + np(g) * pMean(g)
IF pMean(g) < leastp THEN leastp = pMean(g)
IF pMean(g) > highp THEN highp = pMean(g)
NEXT g1%
nn = included — 2
sa =smpz-sz*sp/nd
sb=ssz-sz*sz/nd
sc =ssmp —-sp *sp/nd
ss2=sc*(1-sa”™2/(sb*sc))/nn
pb =sa/sb
pa = (sp—pb *sz)/nd
nd = nd — included
ss1 =ss1/nd
F1=ss2/ss1
Ex = (leastp — p0) / (highp — leastp)

END SUB
SUB DestMeans (p(), nt, np(), pMean(), pVar(), pmax)

'This subroutine carries out Equations 3 & 4. pVar is (s1g)"2.
DIM g AS INTEGER, h AS INTEGER
pmax =0
FORg=1TOnt
pMean(g) = 0
pVar(g) =0
FOR h =1 TO np(g)
pVar(g) = pVar(g) + p(g, h) * p(g, h)
pMean(g) = pMean(g) + p(g, h)
IF p(g, h) > pmax THEN pmax = p(g, h)
NEXT h
pMean(g) = pMean(g) / np(g)
pVar(g) = (pVar(g) — np(g) * pMean(g) * 2) / (np(g) - 1)
NEXT g

END SUB

Thkkkkhkhkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhhkhkkhhkhhkhkhkdkhkhkhkkxkx DeStTransform khkkkhkkkkkkkhkkhkkkkkkkkhkkkkkkxkx

'For each temperature, the mean values of property are calculated and plotted
'against ageing time. The best linear region is selected and the individual
'property values then transformed in equivalent times-to endpoint.



SUB DestTransform (temperature(), time(), property(), ntimes(), nProperty())

maxnp = UBOUND(property, 3)
FORi=1TOKk 'Copy into arrays without the i dimension
ntms = ntimes(i)
REDIM z(ntms), p(ntms, maxnp), np(ntms), pMean(ntms), pVar(ntms)
FORj=1TO ntms
np(j) = nProperty(i, j)
z(j) = LOG(time(i, j)) 'z is log of time
FOR j1 =1 TO np(j)
p(j, j1) = property(i, j, j1)
NEXT j1
NEXT j

FOR j=1TO ntms 'Sort z values into increasing order
=]
FORj2=j1+1 TO ntms
IF z(j2) < z(j1) THEN j1 = j2
NEXT j2
IF j1 >j THEN
SWAP z(j), z(j1)
SWAP np(j), np(j1)
FOR j2 =1 TO maxnp 'Taking p values with them
SWAP p(j, j2), p(j1, j2)
NEXT j2
END IF
NEXT j
ThisTemperature = temperature(i)

Thkkkkhkkhkkhkkhkkhkkhkkhkkkhkkhkkkkkkkx Mear]S Variances and graph background khkkkkkkkkhkkkhkkkkkx
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'The next routines calculate the means and variances of property values and set up the scales
and 'axes for >the ageing curve 'Continuation of last line

CALL DestMeans(p(), ntms, np(), pMean(), pVar(), pmax)
CALL Destgraph(ThisTemperature, z(), ntms, pMean(), p(), np(), pmax, z1, z2)

Thkkkkhhkhhhkhkhkhkhkhhhkhkkhkhkkkkx SeleCtlon hkhkkhkhkkkhkhkhkhkhkhkhhhhhhkhhkhhhhkhhkkkhkkkk

'You are now asked to select the best linear region, after which the
'linearity test is made.

DO
CLS 2
INPUT "Enter the first property set for selection ", start%
INPUT "How many groups to be included? ", included

CALL DestLinTest(z(), pMean(), pVar(), np(), start%, included, nd, pa, pb, F1, Ex)

LINE (z1, pa + pb * z1) — (z2, pa + pb * z2)
PRINT USING "Enter the Table value of FO95_ ###_ #### "; included — 2; nd;

INPUT" ", F995

IF Ex >0 THEN

PRINT USING "Extrapolation = # ####_, F = ##.###: FO5_ ##_ #i#H# = ### ####: accept Y/N?";
Ex; F1;included — 2; nd; F95(nd, included - 2); 'Continuation of last line
ELSE

PRINT USING "F = ##.###: FO5_ ##  ### = ### ####. accept Y/N?"; F1; included — 2; nd;
F95(nd, included — 2); 'Continuation of last line
END IF

ans$ = KeyChoice$("YN")
IF ans$ = "N" THEN LINE (z1, pa + pb *z1) — (z2, pa + pb * z2), 0
LOOP UNTIL ans$ ="Y"
FOR g1% = 1 TO included
g% =start% -1+ g1%
FOR h% =1 TO np(g%)
n(i) =n(i) + 1
y(i, n(i)) = z(9%) — (p(g%, h%) — p0) / pb
NEXT h%
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NEXT g1%
DestSel(i).start = start%
DestSel(i).included = included
DestSel(i).F = F1
DestSel(i).nn = included - 2
DestSel(i).nd = n(i) — included
DestSel(i).F995 = F995
DestSel(i).extrapolation = Ex
m(i) = n(i)
IF Ex > 0 THEN flag(6) = TRUE
IF F1 > F95(nd, included — 2) THEN flag(7) = TRUE
IF F1 > F995 THEN flag(8) = TRUE
NEXT i
SCREEN O
VIEW PRINT
CLS

END SUB

Thkkkhkkhkhkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhhhkhkhhkkkkkhhhkx F95 khkhkkhkkkkhkhkkhhkhkkhkhhkhhhhkhhhhhhkhhkhkhhkhkhhkkhdxkx

'This simple polynomial is accurate enough for our purposes. An accurate
'algorithm would need about 150 lines of code. If you wish you can delete this
'routine and enter the accurate value from the keyboard.

FUNCTION F95 (n2, n1)
F95 = 1.8718 + 1.9993 / n1 + 10.468 / n2
END FUNCTION

REM $DYNAMIC

Thkkkkhkhkhhhkhkhkhhkhhhkhhhhhkkkkhkkx TI Graph kkkhkkkkhkhhhhhkhkkhhhhhhkkhkhhkkhkhkkkhkhkkkk

'This routine is for drawing the thermal endurance graph. The x and y scales
'are in constant ratio for all values of Tl, even though the scaling of
'temperature is variable, and the size of a degree C on the scale decreases
'as the temperature is raised.

SUB Graph (ym(), xmean, vx)

SCREEN scrn

IF TI > 180 THEN interval = 20 ELSE interval = 10

x1 =1/ (Tl - 20 + TO)
x2 = x1 — .0008
y1 = LOG(10)

y2 =5*LOG(10)
xrange = x1 — x2
yrange = y2 — y1

xstart% =10 * ((TI — 10) \ 10)
xend% =10 * ((1/x2 - T0)\ 10)
ystart% = 2

yend% = 4

LOCATE 1, 1,0
CLS
VIEW (wd / 100, ht * .045) — (wd * .99, ht * .99), 0, 7
WINDOW (x2, y1) — (x1, y2)
FOR temp = xstart% TO xend% STEP interval
xe =x1+x2 -1/ (temp + TO)
IF temp MOD 50 = 0 AND xe — x2 > xrange / 40 THEN
LOCATE lines — 1, (xe — x2) / xrange * 80 — 1
IF x1 — xe > xrange / 20 THEN PRINT temp;
END IF
IF temp MOD 50 = 0 THEN z = yrange / 25 ELSE z = yrange / 50
LINE (xe, y2 — z) — (xe, y2)
LINE (xe, y1) — (xe, y1 + 2)
NEXT temp
FORys% =2TO 4
LINE (x2, ys% * LOG(10)) — (x2 + xrange / 50, ys% * LOG(10))



LINE (x1, ys% * LOG(10)) — (x1 — xrange / 50, ys% * LOG(10))

LOCATE lines — (ys% — 1) * lines \ 4, 3
PRINT 10 * ys%;
NEXT ys%

LINE (x2,a+b *x1)—(x1,a +b * x2)
inc# = xrange / 50
FORi=0TO 49

xe = x2 +i*inc#
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LINE (x1 + x2 — xe, Yc(xe, vx, xmean)) — (x1 + x2 — (xe + inc#), Yc(xe + inc#, vx, xmean)), , ,

&HFOOF
NEXT i

FORi=1TOKk
CIRCLE (x1 + x2 — x(i), ym(i)), xrange / 250
NEXT i

LOCATE 5, 40

PRINT "Regression "
LOCATE 7, 40

PRINT "95% Confidence";

Continuation of last line

LINE (x2 + xrange * .75, (6 — 14 / lines) * LOG(10)) — (x2 + xrange * .85, (6 — 14/ lines) * LOG(10))
LINE (x2 + xrange * .75, (6 — 22 / lines) * LOG(10)) — (x2 + xrange * .85, (56 — 22 / lines) * LOG(10)), , ,

&HFOOF
LOCATE 5, 40

FORi=1TOKk
FOR j=1TO n(i)
CIRCLE (x1 + x2 — x(i), y(i, j)), xrange / 640
NEXT j
NEXT i
VIEW PRINT 1 TO 1
CLS 2
PRINT "Press ESC to finish";
ON ERROR GOTO 0

END SUB

REM $STATIC
SUB GraphScreenMode

ON ERROR GOTO ChangeGraphMode

scrn = 11
SCREEN scrn, , 0,0
SELECT CASE scrn
CASE 11
wd = 639
ht =479
lines = 30
CASE 9
wd = 639
ht = 349
lines = 25
CASE 8
wd = 639
ht = 199
lines = 25
CASE 3
wd =719
ht = 347
lines = 25
END SELECT

SCREEN 0
ON ERROR GOTO 0

END SUB

‘Continuation of last line
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Thkkkhkkhkhkhkhkkhkkhkkhkhkhkhkhkhkhkhkhhkhhhhkhkhkhkhkhkhhkxk H *hkkkkkkhkkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhhkhkkxkx
Key Choice

'The key you press is compared with a single character from a comparison
' string and any necessary action is then taken in the calling routine.

FUNCTION KeyChoice$ (compare$)

DIM p AS INTEGER
compare$ = UCASES$(compare$)
DO WHILEp =0
p = INSTR(compare$, UCASES(INPUTS$(1)))
LOOP
KeyChoice$ = MID$(compare$, p, 1)

END FUNCTION

thkkkhkhhhkhhkhkdhhdhhdhhhhhhdhhhhdk Meanvar Khkhkhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhhhhkhhhkhkhhkkx

'MeanVar calculates all the statistical functions like means, variances,
'etc. needed for the next stage in the calculations.

SUB MeanVAr (ym(), s1(), epsilon)

DIM mu AS DOUBLE

REDIM s1(k), ym(k)
FORi=1TOKk
IF n(i) = m(i) THEN
FOR j=1TO n(i)
ym(i) = ym(i) + y(i, j)
s1(i) = s1(i) + y(i, j) " y(i, j)
NEXT j
ym(i) = ym(i) / n(i)
s1(i) = (s1(i) = n(i) * ym(i) * 2) / (n(i) — 1)
varfactor = varfactor + 1
ELSE
PRINT USING "For the values ### and ### of m and n:"; m(i); n(i)
INPUT "Enter the value of alpha ", alpha
INPUT "Enter the value of beta ", beta

INPUT "Enter the value of mu ", mu
INPUT "Enter the value of epsilon ", epsilon
sy=0

ssy=0

FOR j=1TO n(i) 'Sorty values into increasing order
j1=]
FOR j2 =j1 + 1 TO n(i)
IF y(i, j2) < y(i, j1) THEN j1 = j2
NEXT j2
IF j1 >j THEN SWAP y(i, j), y(i, j1)
NEXT j
FORj=1TOn(i)—1 'Calculate mean and variance of y values
sy = sy + y(i, )
ssy = ssy + (y(i, n(i)) - y(i, j)) * 2
NEXT j
ym(i) = mu * sy /(n(i) = 1) + (1 = mu) * y(i, n(i))
s1(i) = alpha * ssy + beta * ((n(i) — 1) * y(i, n(i)) — sy) * 2
varfactor = varfactor + epsilon
END IF
nt = nt + n(i)
mt = mt + m(i)
NEXT i
epsilon = varfactor / k  'Varfactor is a temporary variable for the
'‘pooled epsilon

END SUB
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SUB NDTestData (temperature(), time())

OPEN filename FOR INPUT AS #1
INPUT #1, k
INPUT #1, |
REDIM temperature(k), time(k, 1), x(k), y(k, I), n(k), m(k)
FORi=1TOKk
INPUT #1, temperature(i)
x(i) = 1 / (temperature(i) + TO)
INPUT #1, m(i)
INPUT #1, n(i)
FOR j=1 TO n(i)
INPUT #1, time(i, j)
y(i, j) = LOG(time(i, j))
NEXT j
NEXT i
CLOSE #1
END SUB

Thkkkhkkhkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkkkkkx H *hkkhkhkhkhkkhkkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhhhkhkhkkkk
Regression

'After MeanVar, the values of covariance and correlation coefficient are
'calculated from the means. These are then used for the statistical tests
'specified in the standard

SUB Regression (xmean, vx, ym(), s1(), epsilon, tm, tl)

' The following are input parameters: ym(), s1()

' n() is shared input

' Xxmean, vx, are output

' flag(), Tl, TC, HIC, chi, F are shared output

' tm is longest mean time to endpoint: tl is lowet test temperature

FORi=1TOKk

sy = sy + ym(i) * n(i)

sx = sx + n(i) * x(i)

ssx = ssx + n(i) * x(i) * x(i)

spxy = spxy + n(i) * x(i) * ym(i)
ssmy = ssmy + ym(i) * ym(i) * n(i)

ss1 =ss1 +s1(i) * (n(i)— 1)

ss1 =ss1/ (nt-Kk)
ff=1+1-nt/mt)*(1-12/mt)/2

chi.value = ((nt — k) *LOG(ss1)-h)/ (1 +(g—1/(nt—Kk))/3/(k—-1))/ff
chi.nd =k -1

chi.nn =0

chi.reflevel = 0

sa = spxy —sx * sy / nt
sb = ssx —sx * sx/ nt
sC = ssmy — sy * sy / nt

r2=sa”2/(sb*sc) 'Square of correlation coefficient
ss1 =ss1 * epsilon

ss2=sc*(1-r2)/(k-2)

F.value = ss2 / ss1

F.nd = nt -k

F.nn=k-2

ymean = sy / nt
xmean = sx / nt
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b=sa/sb
a = ymean — b * xmean

F.reflevel = F95(F.nd, F.nn)
IF F.value > F.reflevel THEN
flag(3) = TRUE
F1 = F.value / F.reflevel
ELSE
flag(3) = FALSE
F1=1
END IF

vx = sb / nt
s=(ss1*F.nd *F1 +ss2*F.nn)/ (nt-2)

TI=b/(LOG(TITime) —a) - TO
TC =1/ Xc(TITime, xmean, vx, ym()) — TO
HIC =b / (LOG(TITime /2)—a)— b/ (LOG(TITime) — a)

xmax =0
FORiIi=1TOKk
IF x(i) > xmax THEN
xmax = x(i)
lowest = i
END IF
NEXT i

th=1/x(lowest) — TO
TempExtrapolation = tl — Tl
tm = EXP(ym(lowest))
dispersion = (TI - TC) / HIC

IF TempExtrapolation > 25 THEN flag(1) = TRUE ELSE flag(1) = FALSE
IF tm < TITime / 4 THEN flag(2) = TRUE ELSE flag(2) = FALSE

SELECT CASE dispersion
CASE .6 TO 1.6
flag(4) = TRUE
flag(5) = FALSE
CASEIS>1.6
flag(4) = FALSE
flag(5) = TRUE
CASE ELSE
flag(4) = FALSE
flag(5) = FALSE
END SELECT

END SUB

SUB Report (test$, temperature(), time(), ntimes(), tm, tl)

CLS
IF flag(1) OR flag(2) OR (flag(4) AND (flag(3) OR flag(6) OR flag(7))) THEN flag(9) = TRUE
IF flag(9) OR flag(5) OR (flag(6) AND flag(7)) THEN flag(9) = TRUE
IF flag(8) OR flag(9) THEN flag(9) = TRUE
IF flag(4) AND NOT (flag(3) OR flag(6) OR flag(7)) THEN
Tla=TC + .6 * HIC
ELSE
Tla =TI
END IF
IF flag(9) THEN
form$ = "Tig = ###.#_, HICg = ###.#"

ELSE
form$ = "TI (HIC): ###.# (###.4)"
END IF
PRINT USING "The result is " + form$; Tla; HIC
PRINT

PRINT USING "Lower 95% confidence limit of TI ###.#"; TC
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PRINT USING "Chi-Squared (DF) ### . #### (####)"; chi.value; chi.nd
PRINT USING "F (nn, nd) ###. ### (##_ ####)"; F.value; F.nn; F.nd
PRINT USING "Lowest ageing temperature ###: longest mean time to endpoint #######"; tl; tm
IF flag(4) AND NOT (flag(3) OR flag(6) OR flag(7)) THEN
PRINT USING "High dispersion: Tl adjusted from ###.# to ###.#", Tl; Tla
END IF
IF flag(5) THEN PRINT "Excessive data dispersion”
IF flag(3) THEN PRINT "Non-significant departure from linearity"
IF flag(6) AND (flag(4) OR flag(5)) THEN PRINT
PRINT
IF test$ = "DEST" THEN
PRINT "Selected ageing times"
FORi=1TOKk
PRINT "Temperature "; temperature(i),
FOR j =1 TO DestSel(i).included
PRINT time(i, DestSel(i).start — 1 + j);
NEXT j
PRINT
NEXT i
PRINT
PRINT "Linearity tests"
FORi=1TOKk
PRINT USING "Temperature #### , F (nn_,nd) ###.#4# (##_ ####)"; temperature(i);
DestSel(i).F; DestSel(i).nn; DestSel(i).nd; 'Continuation of last line
IF DestSel(i).extrapolation > 0 THEN
PRINT USING " Extrapolation #.####"; DestSel(i).extrapolation
ELSE
PRINT
END IF
NEXT i
END IF

END SUB
Thkkkhkkhkkhkhkkhkkhkkhkkhkhkhkhkhkhkhkhkhkhkhkhhkhkkhkkhhhhxkx t95 khkhkkkkkhkkkhkhkhkhkkhhkhhhhhhhhhhhhhhhkkhhdkhdkkx

'This simple polynomial is accurate enough for our purposes. An accurate
'algorithm would need about 150 lines of code. If you wish you can delete this
‘routine and enter the accurate value from the keyboard.

FUNCTION 95 (n1)
t95 = 1.6282 + .0001688 * n1 + 1.8481 / n1
END FUNCTION

Thkkkkhkhkhhkhkhkhkhkhkhkhkhhkhhhkhkhkhkhhkhkhkhkhkhkhkkkkkkkx XC khkkkkkkkkkhkkhkhhhhkhhkhhhhkkhhkhhhhhkhhkhkxkx

'Lower 95% confidence limit of the X-estimate
FUNCTION Xc (time, xmean, vx, ym())

tcen=1/(1/t95(nt-2) - (1 —nt/ mt)/ (nt/ 8 + 4.5))
br=b-tcen?*2*s/b/vx/nt

sr = SQR(s * (br/ b + ((LOG(time) — a) / b — xmean) * 2 / vx) / nt)
Xc = xmean + (LOG(time) — ymean) / br + tcen * sr/ br

END FUNCTION
Thkkkkhkhkhhkhkhkhkhkhkhkhkhkhkhhhkhkhkhkhkhkhkhkhkhkhkhkkkkkkx YC khkkkkkhkhkkkhkhkkhhkhkhkhhhhhhkhhkhkhhhhhhkhhxd

'Lower 95% confidence limit of the Y-estimate: used for drawing the thermal
'endurance graph.

FUNCTION Yc (xh, vx, xmean)
tcen=1/(1/t95(nt-2)— (1 —nt/ mt)/ (nt/ 8 + 4.5))
yb=a+ b *xh
ci = tcen * SQR(s * (1 + (xh — xmean) * 2 / vx) / nt)

Yc = yb —ci

END FUNCTION
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ENTRY.bas
DECLARE SUB DestEntry ()
DECLARE SUB NDEntry ()
DECLARE FUNCTION KeyChoice$ (text$)
DEFINT I-N
DEFDBL A-H, 0-Z
DIM SHARED datafile AS INTEGER, filename AS STRING
CLS
SCREEN 0
INPUT "Enter the drive letter for your data ", drive$
drive$ = LEFT$(drive$, 1) + ™"
INPUT "Enter the directory name ", directory$
IF directory$ = "" THEN directory$ = "."
INPUT "Enter the file name ", filename
filename = drive$ + "\" + directory$ + "\" + filename
datafile = FREEFILE
OPEN filename FOR OUTPUT AS #datafile

PRINT "Is this a destructive test data set? Y/N"
test$ = KeyChoice$("YN")
IF test$ = "Y" THEN
DestEntry
ELSE
NDEntry
END IF

END
SUB DestEntry

INPUT "Enter the number of test temperatures ", NumberOfTemperatures
PRINT #datafile, NumberOfTemperatures
INPUT "Enter the maximum number of ageing times at any temperature ", MaxTimes
PRINT #datafile, MaxTimes
INPUT "Enter the maximum number of specimens aged for any time ", MaxSpecimens
PRINT #datafile, MaxSpecimens
FOR i =1 TO NumberOfTemperatures

VIEW PRINT 8 TO 25

CLS 2

PRINT USING "Enter temperature ## "; i;

INPUT "", temperature

PRINT #datafile, temperature

INPUT "Enter the number of ageing times ", NumberOfAgeingTimes

PRINT #datafile, NumberOfAgeingTimes

FOR j=1 TO NumberOfAgeingTimes

VIEW PRINT 10 TO 25

CLS 2
PRINT USING "Enter time ##_### "; i, |;
INPUT "", time

PRINT #datafile, time
PRINT USING "Enter the number of specimens aged for time ##### at temperature ### "; time;
temperature; Continuation of last line
INPUT "", NumberOfSpecimens
PRINT #datafile, NumberOfSpecimens
FOR j1 =1 TO NumberOfSpecimens
VIEW PRINT 12 TO 25
CLS 2
PRINT USING "Enter property value for specimen ### "; j1;
INPUT "", property
PRINT #datafile, property
NEXT j1
NEXT j
NEXT i
LOCATE 15, 1
INPUT "Enter the end point value ", EndPoint
PRINT #datafile, EndPoint
CLOSE #datafile

END SUB
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FUNCTION KeyChoice$ (compare$)

DIM p AS INTEGER
compare$ = UCASES$(compare$)
DO WHILEp =0
p = INSTR(compare$, UCASES(INPUTS$(1)))
LOOP
KeyChoice$ = MID$(compare$, p, 1)

END FUNCTION
SUB NDEntry

INPUT "Enter the number of test temperatures ", NumberOfTemperatures
PRINT #datafile, NumberOfTemperatures
INPUT "Enter the maximum number of specimens aged at any temperature ", |
PRINT #datafile, |
FOR i =1 TO NumberOfTemperatures

VIEW PRINT 7 TO 25

CLS 2

PRINT USING "Enter temperature ## "; i;

INPUT "", temperature

PRINT #datafile, temperature

INPUT "Enter the number of specimens ", NumberOfSpecimens

PRINT #datafile, NumberOfSpecimens

INPUT "Enter the number of ageing times known ", NumberOfTimes

PRINT #datafile, NumberOfTimes

FOR j=1 TO NumberOfTimes

VIEW PRINT 10 TO 25

CLS 2
PRINT USING "Enter time ##_###"; i; j;
INPUT "", time
PRINT #datafile, time
NEXT j
NEXT i

CLOSE #datafile

END SUB
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E.2 Structure of data files used by the programme

Please read table E.1 in conjunction with the sub-routine NDEntry in Entry.bas and the list of
symbols in 3.2.

The file comprises a series of numbers, with one value only on each line of the file.

Table E.1 — Non-destructive test data

Line Item Symbol
1 Number of temperatures k
2 Maximum number of specimens at any temperature
3 First ageing temperature 94
4 Number of specimens at Y, mq
5 Number of known times to endpoint at Y, nq
6 to 5+n4 Times to endpoint at &, Tij
6+ ny Second ageing temperature 9,
Number of specimens aged at 9, my
Number of times known at % no

no lines containing times to endpoint

Third ageing temperature, etc.
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Please read table E.2 in conjunction with sub-routine DestEntry in Entry.bas and the list of

symbols in 3.2.

Table E.2 — Destructive test data

Line

Item

Symbol

1

Number of ageing temperatures

Largest number of ageing times at any temperature

Largest number of specimens aged in any group

First ageing temperature

Number of groups aged at 9

2
3
4
5
6

Ageing time for first group at 94

7

Number of specimens aged in this group

8 and sub-
sequently

Property values for specimens in this group

Ageing time for next group
Number of specimens aged in this group

Property values for specimens in this group

Ageing time for next group
Number of specimens aged in this group
Property values for specimens in this group

Etc.

Second ageing temperature

Number of groups aged at 9,
Ageing time for first group at 4,
Number of specimens aged in this group

Property values for specimens in this group

Ageing time for next group
Number of specimens aged in this group
Property values for specimens in this group

Etc.

Third ageing temperature, etc.
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E.3 Data files for computer programme

The following pages show the file structure for the data of Examples 1 and 2, and a complete
data file for a destructive test (designated Material N3). The calculated results are also given.

The data files are in the format prepared by the program Entry.bas above, but it may also be
prepared using a text editor.

Material: cenex3 sleeving

File name: ex-1.dta Estimate time: 20 000 02-27-1995
Test property: voltage proof test

Data dispersion slightly too large, compensated
TI (HIC) : 221.5 (11.5) TC 214.6

Chi-squared = 0.56 (2 DF)
F=0.610: F(0.95, 1, 46) = 4.099

Times to reach end-point

Temperature 240

Number of specimens 21, times known for 11

Times 1764 2772 2772 3780 4284 4284 4284 5292 7308 7812 7812

Temperature 260

Number of specimens 21, times known for 18

Times 756 924 924 1176 1176 2184 2520 2856 2856 3192 3192 3864 4872
5208 5544 5880 5880 5880

Temperature 280

Number of specimens 21, times known for 20

Times 108 252 324 324 468 612 684 756 756 828 828 972 1428 1596
1932 1932 2100 2268 2604 2772

Data file Cenex3.dta (Example 1)
Data at the foot of each column are followed without interruption by those in the succeeding

column.

3 924 324
21 1176 324
240 1176 468
21 2184 612
11 2520 684
1764 2856 756
2772 2856 756
2772 3192 828
3780 3192 828
4284 3864 972
4284 4872 1428
4284 5208 1596
5292 5544 1932
7308 5880 1932
7812 5880 2100
7812 5880 2268
260 280 2604
21 21 2772
18 20

756 108

924 252



Material: Unidentified resin
File name: test2 Estimate time: 2,000D+04
Test property: Loss of mass

Minor non-linearity, compensated
TI (HIC) : 163,4 (11,4) TC 158,7

Chi-squared = 0,48 (2 DF)
F=5,223: F(0,95, 1, 12) =4,743
Times to reach end-point

Temperature 180
Times 7410 6610 6170 5500 8910

Temperature 200
Times 3200 2620 2460 2540 3500

Temperature 220
Times 1100 740 720 620 910

Data file test2.dta (example 2)
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12-02-1991

3

5

180 200 220
5 5 5

5 5 5
7410 3200 1100
6610 2620 740
6170 2460 720
5500 2540 620
8910 3500 910
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Material: N3 nylon laminate

File name: n3.dst

Estimate time: 20 000

Test property: Tensile impact strength (end-point 30)

TI (HIC) : 113,8 (12,4)

TC 112,4

Chi-squared = 42,63 (3 DF)
F=1,772 : F(0,95, 2, 101) = 2,975

12-02-1991

Temperature 180

Time Property Values

312 70,1 68,5 58,8 68,0 60,5
432 42,6 62,0 62,3 68,9 69,8
576 39,5 45,4 36,7 43,7 47,4
696 39,0 40,3 354 26,0 35,1
744 31,2 32,4 34,3 32,4 31,8
840 36,9 29,6 18,9 26,2 30,1
888 32,5 27,5 58,9 19,4 37,7

Times 432 to 840 selected
F= 0,529 : F(0,95, 3, 20) = 3,062

Temperature 165
Time Property Values
528 70,9 56,5 70,9 74,5
840 62,2 46,6 46,0 57,4
1176 9,1 39,7 425 456
1274 33,0 33,1 37,6 54,9
1344 32,7 38,8 33,1 33,9
1512 23,4 31,7 32,5 25,7
1680 21,6 26,0 256 21,2
1848 21,6 22,1 25,8 20,9

Times 528 to 1 848 selected
F= 0,278 : F(0,95, 6, 32)=2,532

65,6
48,8
54,4
39,2
34,8
25,8
25,8
19,6

Temperature 150
Time Property Values

984 83,4 83,4 82,6 81,3 82,6
1680 71,0 71,8 74,8 71,0 68,8
2160 49,8 54,2 54,2 48,6 43,6
2304 52,4 50,1 47,1 37,5 424
2685 29,6 37,4 34,1 39,0 35,3
3360 39,5 37,8 27,8 36,3 26,9

Times 1 680 to 2 685 selected
F= 0,342 : F(0,95, 2, 16) = 3,526
Did not cross the end point line: extrapolation 0,140

Temperature 135

Time Property Values
3216 45,2 71,0 73,6 72,3
4728 49,9 70,6 66,7 63,5
5265 30,5 33,7 49,1 50,2
6072 354 37,7 37,7 37,3
7440 16,1 17,6 19,4 20,9
7752 21,3 20,9 20,2 21,6
8088 19,7 18,9 18,9 18,5

Times 4 728 to 7 440 selected
F= 2126: F(0,95, 2, 16) = 3,526

59,2
55,3
39,0
17,4
18,9
18,5

End-point = 30




Data file n3.dst: file generated by Entry.bas program.

4
8
5

180
7

312
5

70,1

68,5

58,8

68,0

60,5

432

42,6
62,0
62,3
68,9
69,8
576

39,5
45,4
36,7
43,7
47,4
696

39,0
40,3
35,4
26,0
35,1
744

31,2
32,4
34,3
32,4
31,8
840

36,9
29,6
18,9
26,2
30,1
888

32,5
27,5
58,9
19,4
37,7
165

528

70,9

56,5
70,9
74,5
65,6
840
5
62,2
46,6
46,0
57,4
48,8
1176
5
9,1
39,7
42,5
45,6
54,4
1274
5
33,0
33,1
37,6
54,9
39,2
1344
5
32,7
38,8
33,1
33,9
34,8
1512
5
23,4
31,7
32,5
25,7
25,8
1680
5
21,6
26,0
25,6
21,2
25,8
1848
5
21,6
22,1
25,8
20,9
19,6
150
6
984
5
83,4
83,4

82,6
81,3
82,6
1680

71,0
71,8
74,8
71,0
68,8
2160

49,8
54,2
54,2
48,6
43,6
2304

52,4
50,1
47,1
37,5
42,4
2685

29,6
37,4
34,1

39,0
35,3
3360

39,5
37,8
27,8
36,3
26,9
135

3216

45,2
71,0
73,6
72,3
4728

49,9
70,6
66,7
63,5
59,2
5265

30,5
33,7
49,1
50,2
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55.3
6072

35.4
37.7
37.7
37.3
39.0
7440

16.1

17.6
19.4
20.9
17.4
7752

21.3
20.9
20.2
21.6
18.9
8088

19.7
18.9
18.9
18.5
18.5
30
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

This European Standard incorporates by dated or undated reference, provisions from other
publications. These normative references are cited at the appropriate places in the text and the
publications are listed hereafter. For dated references, subsequent amendments to or revisions of any
of these publications apply to this European Standard only when incorporated in it by amendment or
revision. For undated references the latest edition of the publication referred to applies (including
amendments).

NOTE  When an international publication has been modified by common modifications, indicated by (mod), the relevant
EN/HD applies.

Publication Year Title EN/HD Year

IEC 60216-1 2001  Electrical insulating materials - EN 60216-1 2001
Properties of thermal endurance
Part 1: Ageing procedures and
evaluation of test results

IEC 60216-2 1990 Part 2: Choice of test criteria HD 611.2 S1 1992

IEC 60493-1 1974 Guide for the statistical analysis of - -
ageing test data
Part 1: Methods based on mean values
of normally distributed test results
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