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Foreword

The text of document 42/318/FDIS, future edition 2 of JEC 61083-2, prepared by IEC/TC 42
"High-voltage testing techniques" was submitted to the IEC-CENELEC parallel vote and approved by
CENELEC as EN 61083-2:2013.

The following dates are fixed:

¢ latest date by which the document has (dop) 2014-01-24
to be implemented at national level by
publication of an identical national
standard or by endorsement

e latest date by which the national (dow) 2016-04-24
standards conflicting with the
document have to be withdrawn

This document supersedes EN 61083-2:1997.

EN 61083-2:2013 includes the following significant technical changes with respect to

EN 61083-2:1997:

a) the test data generator software has been updated;

b) the number of reference impulse waveforms included in the test data generator has been
significantly increased;

c) all reference values have been recalculated according to new definitions in EN 60060-1 and

EN 62475

d) methods for estimating the uncertainty of parameter evaluation has been introduced and are in line
with the procedure introduced in EN 60060-2.

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. CENELEC [and/or CEN] shall not be held responsible for identifying any or all such
patent rights.

Endorsement notice

The text of the International Standard IEC 61083-2:2013 was approved by CENELEC as a European
Standard without any modification.
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Annex ZA
(normative)

Normative references to international publications
with their corresponding European publications

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated
references, the latest edition of the referenced document (including any amendments) applies.

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
EC 60060-1 2010 High-voltage test techniques - N 60060-1 2010

Part 1: General definitions and test
requirements

EC 60060-2 - High-voltage test techniques - N 60060-2 -
Part 2: Measuring systems

EC 60060-3 2006 High voltage test techniques - N 60060-3 2006
Part 3: Definitions and requirements + corr. October 2006
for on-site testing

IEC 61083-1 2001  Instruments and software used for N 61083-1 2001

measurement in high-voltage impulse tests -
Part 1: Requirements for instruments

EC 62475 2010 High-current test techniques - Definitions N 62475 2010
and requirements for test currents and
measuring systems

ISO/IEC Guide 98-3 - Uncertainty of measurement -
Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)
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INTRODUCTION

IEC 61083-1 specifies the test requirements for digital recorders. Digital recorders, like
analogue oscilloscopes, are susceptible to changes in their characteristics. However, the
more stringent testing (than is practical for analogue oscilloscopes) specified for digital
recorders for standard impulse voltage and current measurement has led to the accuracy of
digital recorders being more clearly demonstrated.

This part of IEC 61083 applies to software used to process digital records to provide the
values of the relevant impulse parameters. The raw data are retained for comparison with the
processed data. However, since the parameters of the test impulse (including the test value)
are to be read from the processed data, it is important to establish tests to ensure that the
reading of parameters is adequately performed. The problem is how to ensure this, while
permitting users to develop a wide range of techniques.

This problem is further complicated by the different needs of various users, ranging from
single-purpose test laboratories, for example those of a cable manufacturer who may only test
a few objects which are capacitive, to large high-voltage test/research laboratories, which
may perform tests on a very wide range of objects, which have a correspondingly wide range
of impedances.

The approach taken in this part of IEC 61083 is to provide, from a test data generator
software, waveforms (and ranges of their parameters) which a user can employ to verify that a
procedure gives values within the specified ranges. To reduce the amount of testing required,
the waveforms are divided into groups, and the user needs only to check those groups that
are appropriate for the high-voltage and/or high-current tests to be performed in his/her
laboratory.

New definitions for lightning _impulse parameters and switching impulse time-to-peak
evaluation are introduced in |EC 60060-1i. The changes in these definitions have lead to

significant changes in some of the reference values in this standard. The number of impulse
records in the test data generator has been increased to cover a wider range of impulse
shapes seen in on-site testing.
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INSTRUMENTS AND SOFTWARE USED FOR MEASUREMENT
IN HIGH-VOLTAGE AND HIGH-CURRENT TESTS -

Part 2: Requirements for software for tests
with impulse voltages and currents

1 Scope and object

This part of IEC 61083 is applicable to software used for evaluation of impulse parameters
from recorded impulse voltages and currents. It provides test waveforms and reference values
for the software required to meet the measuring uncertainties and procedures specified in
IEC 60060-1, JEC 60060-2, JEC 60060-3 and |EC 62474

Hardware with built-in firmware that cannot accept external numerical input data is not
covered by this standard.

The object of this standard is to

e establish the tests which are necessary to show that the performance of the software
complies with the requirements of the relevant IEC standards;

o define the terms specifically related to digital processing;

e specify reference values and the acceptance limits for the reference impulses;

e specify the requirements for the record of performance;

o define the methods to assess the contribution of software to the measurement uncertainty.
2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and
are indispensable for its application. For dated references, only the edition cited applies. For
undated references, the Ilatest edition of the referenced document (including any
amendments) applies.

IEC 60060-1:2010, High-voltage test techniques — Part 1: General definitions and test
requirements

EC 60060-4, High-voltage test techniques — Part 2: Measuring systems

IEC 60060-3:2006, High-voltage test techniques — Part 3: Definitions and requirements for
on-site testing

IEC 61083-1:2001|, /nstruments and software used for measurement in high-voltage impulse
tests — Part 1: Requirements for instruments

IEC 62475:2010, High-current test techniques — Definitions and requirements for test currents
and measuring systems

ISO/IEC Guide 98-3, Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995)
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3 Terms and definitions

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

NOTE References to definitions of relevant impulse parameters, as shown in the relevant clauses of
JEC 60060-1:201d, JEC 60060-3:2004 and JEC 62475:201( are listed in Tables 1 and 2.

3.1

raw data

original record of sampled and quantized information obtained when a digital recorder
converts an analogue signal into a digital form, possibly corrected for offset or multiplied by a
scale factor

3.2

processed data

data obtained by any processing (other than correction for offset and/or multiplying by a scale
factor) of the raw data

[SOURCE: |EC 61083-1:2001, definition 1.3.3.5, modified — "constant scale factor" replaced
by "scale factor"; NOTE not retained]

3.3

internal noise level

standard deviation of the samples recorded when a constant voltage is applied to the input of
the digital recorder

3.4
reference impulse
waveform supplied by the test data generator (TDG)

3.5

sampling rate

sampling frequency

number of samples of a signal taken per unit time

[SOURCE: |JEC 60050-704:1993, definition 704-23-03]

3.6

resolution (in digital processing)

measure of the accuracy with which a digital system can distinguish between the magnitudes
of two samples of a signal

Note 1 to entry: Resolution is usually expressed as the number of bits necessary to express in binary form the
maximum number of possible different signal levels which can be recognized by the system.

[SOURCE: JEC 60050-807:1998, definition 807-01-02]

3.7

test data generator

TDG

computer program that generates digital reference data files, representative of synthesized
and recorded impulse waveforms
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Table 2 — References to impulse current parameter definitions

EC 62475:2010
/p T, T, Ty T,

Impulse group / -
Evaluation algorithm Peak value Eront time Time to Duration TO'["clll

of current half-value duration
Exponential impulse current
(IC-M1 to IC-M7, IC-M9) 10.2.3 10.2.4 10.2.6
Rectangular impulse current
(IC-M8) 10.2.3 10.2.7 10.2.8

4 Test data generator (TDG)

4.1 Principle

The test data generator (TDG) is a computer program that generates digital reference data
files, representative of both synthetic and recorded impulse waveforms. These reference
impulses shall be processed by the software under test, and the parameters evaluated from

the processed data shall fall within the acceptance limits given in Annex A. In this way the
performance of the software can be verified.

The TDG is an integral part of this standard and is provided as compiled code for a computer
running Windows ! operating system. TDG is a menu-driven program with a built-in help file.

4.2 Data format

The reference data files generated by the TDG simulate the raw data, which would be
obtained from the digital recorder of the user. The reference data files are written in a two
column ASCII format. Their respective values are given in terms of seconds and in volts or
amperes. If the data format or range expected by the software under test does not correspond
to the format or range provided by the TDG, a suitable conversion program shall be used.

NOTE Software which cannot read TDG reference impulses (either in the direct or converted form) is not covered
by this standard.

5 Values and acceptance limits for the parameters of the reference impulses

A round-robin test has been performed, in which a number of laboratories independently
calculated values for parameters of the reference impulses. Statistical mean values from this
round-robin test were taken as the reference values of the parameters listed in
Tables 1 and 2.

Requirements for acceptance limits have been set based on the needs of the application.

These parameters of the reference impulses are given in Tables A.1 to A.6.

6 Software testing

6.1 General
The TDG is designed to provide data files simulating digital recorder output for the purpose of
testing software used to determine the impulse parameters as defined in |[EC 60060-1,

1

Windows is the trade name of a product supplied by Microsoft. This information is given for the convenience of
users of this document and does not constitute an endorsement by IEC of the product named. Equivalent
products may be used if they can be shown to lead to the same results.
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EC 60060-3 and IEC 62745. The references to relevant clauses of these standards are listed
in Tables 1 and 2.

The impulses in the TDG are grouped in six groups, according to the impulse type:

LI: full lightning impulse;

LIC: front or tail chopped lightning impulse;
Sl: switching impulse;

IC: impulse current;

OLlI: oscillating lightning impulse;

OSl: oscillating switching impulse.

6.2 Performance test

The performance test for an algorithm is executed by evaluating all reference impulses in the
selected group, for example, group LI.

The performance test shall be performed for each version of the evaluation algorithm and for
a set of sampling rates, resolutions and noise levels relevant for the application.

Evidence that the evaluation algorithm actually used during tests is the same as the version
that has been verified according to this standard (and for which results are entered in the
record of performance) shall be entered into the record of performance.

The performance test can be performed either for one, several or all evaluation algorithm(s)
referred to in Tables 1 and 2.

The settings of the TDG shall be chosen to match the settings of the digital recorder (or
recorders) that is to be used with the software. These include selection of sampling rate,
resolution and internal noise level. The resulting TDG record simulates the output of this
digital recorder when recording the selected reference impulse. The reference impulses are
shown in Annex A.

Each reference impulse for the evaluation algorithm selected by the user is generated by the
TDG and represents input to the software instead of an actual output of the digital recorder.
The values of the parameters determined by the software under test are compared to the
acceptance limits given in Annex A. The software under test is judged to have passed the test
for a group if the values of the parameters calculated by the software under test are within the
specified acceptance limits for all impulses in that group.

6.3 Uncertainty contribution for |JEC 60060-2 and/or |EC 62475
The calculation of the uncertainty of high-voltage measurement according to |EC 60060-4 and
EC 62475

high-current measurement according to includes a contribution due to the
uncertainty of the applied software. This is derived from the acceptance limits of the
considered parameters (Annex A). By a simplified procedure, the standard uncertainty
contribution of the software for a certain parameter may be taken as a type B estimate from
the maximum value of the half-width of the acceptance limit of the relevant waveforms
(i=1...n) shown in Annex A:

n
ug7 = Lma1x(half - width of the acceptance limit).
1=

NE)

These standard uncertainty contributions are listed in Table 3.

NOTE 1 For the terms and definitions see JEC 60060-2:201Q or JEC 62475:201(, especially 3.6, 4.6, 5.9 and
Annex A in either standard. The symbol ug, follows the numbering used in both those standards (5.2.1.3 to 5.9).
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NOTE 2 The acceptance range of the measured parameter according to this standard is the reference value
plus/minus its acceptance limit given in Annex A.

Table 3 — Standard uncertainty contributions of software to the overall
uncertainty according to the simplified procedure

Impulse group/ U, Up, Ip T, T, T, T, T, B’
Evaluation algorithm % of % %
LI 0,058 1,2 0,58 0,58
LIC 0,58 1,2 1,2 0,58
SI 0,29 2,9 1,2
IC 0,58 1,2 1,2
OLI 0,29 1,2 1,2
osl 0,29 1,2 1,2

When software is used for the evaluation of different types of waveforms (see Tables 1
and 2), a different standard uncertainty may be applied for each type.

If the estimated standard uncertainty becomes too large, the method of Annex B, or any
method in line with ISO/IEC Guide 98-3 can be used.

7 Record of performance of the software

A list of evaluation algorithms for which software is validated shall be specified in the record
of performance of the measuring system (see IEC 61083-1 and |EC 60060-2).

The record of performance shall include:

— version number of the TDG and its relevant settings;

— name of the tested software, its version number and release date;
— the type(s) of the algorithm(s) for which the tests were performed;
— list of parameters for which the software was tested and passed.
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Annex B
(informative)

Alternative method for uncertainty estimation

B.1 Uncertainty of reference values

The reference values are based on the average results from a number of software packages
provided by members of the maintenance_team. Each software package was independently
developed to implement the definitions of JEC 60060-1, |JEC 60060-3 and |JEC 62475.

The outcome of this evaluation process is presented in Tables B.1 to B.6. The reference value
of a parameter is the mean value x of n independent evaluations of this parameter:

The expanded uncertainty is

where t is a factor from the t-distribution leading to confidence level of about 95 % (k = 2).

NOTE Samples which deviated by more than 3 times of standard deviation of the sample population were not
included in calculating the mean value x and its expanded uncertainty U, .

The acceptance limits in Tables A.1 to A.6 should be higher than the evaluated standard
uncertainties; on the other hand they should be lower than the overall uncertainty limits set for

measuring systems in |EC 60060-24 and |EC 62478. The values in Tables A.1 to A.6 fall

between these limits.

B.2 Contribution of software to the uncertainty estimate of JEC 60060-2

Instead of using the acceptance limits in 6.3, the differences between the reference values
Xger and the values evaluated by the software under test can be used as basis for the
uncertainty estimation.

After identifying the n waveforms relating to the algorithm of the software to be qualified, the
maximum observed difference from the reference value can be used to obtain the first
component for standard uncertainty:

|3,
max i REF,i

Ug71 = .
V3 i=1|  XReF, |



http://dx.doi.org/10.3403/00228778U
http://dx.doi.org/10.3403/00000793U
http://dx.doi.org/10.3403/30149824U
http://dx.doi.org/10.3403/00000781U
http://dx.doi.org/10.3403/30149824U
http://dx.doi.org/10.3403/00000781U

BS EN 61083-2:2013
- 26 - 61083-2 © IEC:2013

or in the case of #’, when the uncertainty is given in absolute terms:
1 n 7 4
ug71=——max|f; — i
B71= "> Ma |8 - Bier

In addition, the uncertainty of the reference values should be considered. For this purpose the

mean ( x ), expanded uncertainty (Uy) and the number of observations (n) of the determination
of each reference value are listed in Tables B.1 to B.6. In the tables the expanded uncertainty
is given on confidence level of c. 95 % (k = 2).

This component for the standard uncertainty is given by

1 n
ugra = 5”/191)( Uy,i

where U, ; are the expanded uncertainties for Xger ;

The standard uncertainty of the software is given by

[ 2 2
Ug7 =4 Up71 t+UB72
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Table B.3 — Expanded uncertainties (U,) of the switching impulse reference values

sl u, T, T,

X X X

kv %:fxi " us %:fx)? " us %g:)? "
SI-A1 | 950,28 | 0,004 6 251 0,8 5 | 25125 | 0,02 6
si-A2 0,987 67 | 0,004 6 19,9 2 5 |1320,79| 0,009 6
SI-A3 |99,2186 | 0,0013 | 6 43,1 2 5 | 3987,3 | 0,011 6
si-M1 | -0,5907 | 0,11 6 187 3 6 655 1,4 6
si-M2 | 3,680 0,13 6 218 4 5 2410 2 6

Ic I, T, T,
X U X u X 9
kA % 01:( X " us % o: X " us % 01:( X "
IC-M1 | —10,001 0,08 6 8,822 0,03 6 21,313 0,02 6
IC-M2 | 100,418 | 0,009 6 [4,23712| 0,003 5 9,1273 | 0,004 5
IC-M3 | 64,281 0,011 6 | 7,7471 | 0,010 6 20,533 | 0,013 6
IC-M4 | 100,001 | 0,003 6 23,470 | 0,007 6 399 0,6 6
IC-M5 | 150,01 0,05 6 17,09 0,5 6 48,34 0,3 6
IC-M6 | 12,464 0,02 6 27,914 | 0,008 6 | 274,014 | 0,004 6
IC-M7 | 20,495 0,02 6 1,009 0,3 6 17,648 0,06 6
IC-M8 ]0,22937 | 0,04 5 |2050,54| 0,007 5 | 26783 | 0,009 5
IC-M9 | 10,1558 | 0,009 4 | 09676 0,06 5 17,68 0,3 5
Table B.5 — Expanded uncertainties (U,) of the oscillating
lightning impulse reference values
oLl u, T, T, f
X Uy X U, X U, X U,
ko ootz | ms | owof x| us oot x | Hz ) o of x
OoLI-M1 | 203,3 0,14 6 3,280 0,3 6 32,9 0,8 6 111,3 0,8 6
OLI-M2 | 203,1 0,10 6 5,802 0,13 6 52,0 0,7 6 60,9 0,3 6
OLI-M3 | 201,7 0,10 6 9,68 0,2 6 83,0 0,5 6 36,4 0,5 6
OLI-M4 | -809,9 | 0,11 6 4,935 0,2 6 69,1 0,3 6 71,9 0,3 6




— 30 -

BS EN 61083-2:2013

61083-2 © IEC:2013

Table B.6 — Expanded uncertainties (U,) of the oscillating switching
impulse reference values

osl u, T, T, f
X U, X U, X U, X U,
n n n n
KV o of X us % of X us | o of X Hz | o of X
osI-M1 | 204,2 0,2 6 110,7 0,3 5 1346 0,7 6 4,721 0,15 6
osl-mM2 | 202,9 0,10 6 248,9 0,2 5 1780 1,3 6 2,048 0,4 6
osI-M3 | 784,6 0,09 6 | 144,72 | 0,10 5 1370 1,3 6 3,55 1,1 6
oSI-M4 | -1521 | 0,13 6 63,2 0,3 5 1215 1,0 6 8,33 0,9 6
B.3 Example
B.3.1 General

The software related standard uncertainty ug; for the peak value of chopped lightning
impulses shall be determined. The related waveforms in Annex A are LIC-A1 and LIC-M1 to
MS. Table B.7 shows

the reference values and acceptance limits from Annex A;
the expanded uncertainty values from Annex B; and

Table B.7 — Example of uncertainty estimation

the values evaluated by the software under test and their deviation from reference values.

Expanded
Waveform Re\tz:‘szce Accleiﬁltiz:nce uncertainty of the Evaluated Deviation from
(from Table A.2) (from Table A.2) reference value value reference value
' ' (from Table B.2)
XREFi U X; Xi — XREFi| o
kv % %I K\ XREFi ’
LIC-A1 872,2 1,0 0,005 873,4 0,14
LIC-M1 850,0 1,0 0,07 851,4 0,16
LIC-M2 0,289 0 1,0 0,02 0,288 0,36
LIC-M3 -0,303 6 1,0 0,02 -0,303 9 0,10
LIC-M4 0,147 8 1,0 0,03 0,148 3 0,33
LIC-M5 389,9 1,0 0,05 -391 0,28
Max. value 0,07 0,36
B.3.2 Estimation according to 6.3

All deviations from reference values fall within acceptance limits. Resulting uncertainty

contribution is

1 1% =058 %

V3

Ugr =
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B.3.3 Estimation according to Annex B

Lower uncertainty contribution can be reached by considering the uncertainties of the
reference values and the deviations from them. According to this annex we get:

Ugyt = ——x 0,36 % = 0.21%,

73

Ugyy = %x0,0? % =0,04 % and

Ugy = \Ugsi? +Ugro® =+021%2 +004 %2 =021%.
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