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NATIONAL FOREWORD

The adoption of the IEC Standard as a Malaysian Standard was recommended by the
Working Group on High Voltage Testing under the authority of the Industry Standards
Committee on Electrotechnical-1.

This Malaysian Standard is identical with IEC 61180-1:1992, High-voltage test techniques for
low-voltage equipment - Part 1: Definitions, test and procedure requirements, published by

the International Electrotechnical Commission (IEC). However, for the purposes of this
Malaysian Standard, the following apply:

a) in the source text, "this International Standard" should read "this Malaysian Standard";
b)  the comma which is used as a decimal sign (if any), to read as a point;

c) delete term of [futurellin front of IEC 61180-2 at sub-clauses 4.2.2, 5.2.3, 6.2.4, 7.2.3,
7.2.4,8.2.4 and 8.2.5 as IEC 61180-2 is published;

d) the basis of IEC 61180-1 is printed in English and French languages. However, only the
English version is retained for this Malaysian Standard; and

e) reference to International Standards should be replaced by corresponding Malaysian
Standards as follows:

Referenced International Standards Corresponding Malaysian Standards
IEC 68-1, Environmental testing. Part 1: MS IEC 60068-1, Environmental testing.
General and guidance Part 1: General and guidance

In 1997, the IEC introduced a new numbering system for all of its International Standards,
guides and technical reports. The new number for the IEC Standard is IEC 61180-1.

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.

NOTE. IDT on the front cover indicates an identical standard i.e. a standard where the technical content, structure,
and wording (or is an identical translation) of a Malaysian Standard is exactly the same as in an International
Standard or is identical in technical content and structure although it may contain the minimal editorial changes
specified in clause 4.2 of ISO/IEC Guide 21-1.
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INTERNATIONAL ELECTROTECHNICAL COMMISSION

HIGH-VOLTAGE TEST TECHNIQUES
FOR LOW-VOLTAGE EQUIPMENT

Part 1: Definitions, test and procedure requirements

FOREWORD

1) The formal decisions or agreements of the IEC on technical matters, prepared by technical committees on
which all the National Committees having a special interest therein are represented, express, as nearly as
possible, an international consensus of opinion on the subjects dealt with.

2) They have the form of recommendations for international use and they are accepted by the National

Committees in that sense.

3) In order to promote international unification, the IEC expresses the wish that all National Committees
should adopt the text of the IEC recommendation for their national rules in so far as national conditions will
permit. Any divergence between the IEC recommendation and the corresponding national rules should, as

far as possible, be clearly indicated in the latter.

This standard has been prepared by technical committee 42: High-voltage testing

techniques.

The text of this standard is based on the following documents:

Six Months' Rule

Report on Voting

42(C0O)49

42(C0)51

Full information on the voting for the approval of this standard can be found in the Voting

Report indicated in the above table.

© STANDARDS MALAYSIA 2010 — Al rights reserved.
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INTRODUCTION

This International Standard has been prepared in accordance with the decision taken by
technical committee 42 to provide a standard covering the high voltage testing of low-
voltage equipment. It is based on IEC 60-1 (1989). The standard is in two parts. Part 1
covers general definitions and requirements, where sections 1 to 3 may be applicable to
all kinds of electrical equipment, sections 4 to 6 apply to electrical equipment without
voltage limiting devices, section 7 applies to voltage limiting devices alone, and section 8
applies to equipment incorporating non-linear or voltage limiting devices. Part 2 covers
measuring systems and test apparatus (in preparation).

This standard includes high-voltage and impulse current testing as well as a combination
of both.

This standard will be of special interest to product committees such as TC 2, SC 12B,
SC 17B, SC 17D, TC 22, TC 23, SC 37A, TC 61, TC 64, TC 65, SC 66E and TC 74.

© STANDARDS MALAYSIA 2010 — Al rights reserved
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1.1,

HIGH-VOLTAGE TEST TECHNIQUES
FOR LOW-VOLTAGE EQUIPMENT

Part 1: Definitions, test and procedure requirements

SECTION 1: GENERAL

Scope

This part of IEC 1180 is applicable to:

This

dielectric tests with direct voltage;
dielectric tests with alternating voltage;
dielectric tests with impuise voltage;
tests with impulse current;

tests with combinations of the above.

standard is applicable only to tests on equipment having a rated voltage of not more

than 1 kV a.c.or 1,5 kV d.c.

This

standard is mainly applicable to type testing. it may also be applied or adapted for

sample and routine testing as specified by the relevant technical committee.

it is not intended to be used for electromagnetic compatibility tests on electric or electronic
equipment.

This standard provides the relevant technical committees as far as possible with:

defined terms of both general and specific applicability;

general requirements regarding test objects and test procedures;

methods for generation and measurement of test voltages and currents;

test procedures;

methods for the evaluation of test results and to indicate criteria for acceptance;
requirements concerning approved measuring devices and checking methods.

Alternative test procedures may be required and these shall be specified by the relevant
technical committees.

1.2

Normative references

The following normative documents contain provisions which, through reference in this

text,

constitute provisions of this part of IEC 1180. At the time of publication, the editions

indicated were valid. All normative documents are subject to revision, and parties to

© STANDARDS MALAYSIA 2010 - All rights reserved
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agreements based on this part of IEC 1180 are encouraged to investigate the possibility of
applying the most recent editions of the normative documents indicated below. Members
of IEC and ISO maintain registers of currently valid International Standards.

IEC 68-1: 1988, Environmental testing. Part 1: General and guidance.
IEC 270: 1981, Partial discharge measurements

IEC 664: 1980, Insulation co-ordination within low-voltage systems including clearances
and creepage distances for equipment.
Amendment No. 1, 1989.

SECTION 2: DEFINITIONS

2.1 Impulse techniques and insulation
2.1.1  Impulse

An intentionally applied aperiodic transient voltage or current which usually rises rapidly to
a peak value and then falls more slowly to zero.

NOTE - The term "impulse” is distinguished from the term "surge”, which refers to transients occurring in
electrical equipment or networks in service.

2.1.2 Partial breakdown

This phenomenon may occur when solid insulation is stressed by impulse voltages. It is
indicated by a stepwise reduction in impulse voltage waveform which occurs earlier in time
in successive impulses, or by other effects specified by the relevant technical committee.
This indicates progressive deterioration of the insulation. '

2.1.3 Clearance [IEV 441-17-31]

The shortest distance in air between two conductive parts.

2.1.4 Creepage distance [IEV 151-03-37]

The shortest distance along the surface of an insulating material between two conductive
parts.

2.1.5 Solid insulation

Solid insulating material interposed between two conductive parts.

2.2 Characteristics related to disruptive discharge and test voltages
2.2.1 Disruptive discharge

The failure of insulation under electrical stress, in which the discharge completely bridges
the insulation under test, reducing the voltage between the electrodes practically to zero.
it applies to electrical breakdown in solid, liquid and gaseous dielectrics and combinations
of these.

© STANDARDS MALAYSIA 2010 - All rights reserved
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NOTES

1 Non-sustained disruptive discharges in which the test object is momentarily bridged by a spark or arc
may occur. During these events, the voltage across the test object is momentarily reduced to zero or to a
very small value. Depending on the characteristics of the test circuit and the test object, a recovery of
dielectric strength may occur and may even permit the test voltage to reach a higher value. Such an event
should be interpreted as a disruptive discharge unless otherwise specified by the relevant technical
committee.

2 Some non-disruptive discharges are termed "partial discharges” and are dealt with in IEC 270.

3 The term "sparkover” is used when a disruptive discharge occurs in a gaseous or liquid medium.

The term “flashover” is used when a disruptive discharge occurs over the surface of a dielectric in a
gaseous or liquid medium.
The term "puncture” is used when a disruptive discharge occurs through a solid dielectric.

2.2.2 Characteristics of the test voltage

Those characteristics specified in this standard in order to define the different types of test
voltage.

2.2.2.1  Prospective characteristics of a test voltage

The characteristics which would have been obtained if no disruptive discharge or
operation of a voltage limiting device had occurred. When a prospective characteristic is
referred to, this shall always be stated.

2.2.2.2  Actual characteristics of a test voltage

Those which occur during the test at the terminals of the test object.

2.2.2.3 Value of the test voltage

The value of the test voltage is defined in 4.1.1, 5.1.1 and 6.1.1.1.

2.2.3 Disruptive discharge voltage

The value of the test voltage causing disruptive discharge, as specified, for the various
tests by 4.3.2, 5.3.2 and 6.3.3.

2.2.4 Withstand voltage

A specified voltage value which characterizes the insulation of the object with regard to a
withstand test.

Unless otherwise specified, withstand voltages are referred to the standard reference
atmosphere (see 3.3.1).

2.2.5 Assured disruptive discharge voltage

A specified prospective voltage value which characterizes its performance with regard to a
disruptive discharge test. Unless otherwise specified, assured disruptive discharge
voltages refer to standard reference atmospheric conditions (see 3.3.1).

© STANDARDS MALAYSIA 2010 - All rights reserved
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SECTION 3: GENERAL REQUIREMENTS RELATING TO TEST PROCEDURES
AND TEST OBJECTS

3.1 General requirements for test procedures

The test procedures applicable to particular types of test objects, for example, the polarity
to be used, the preferred order if both polarities are to be used, the number of applications
and the interval between applications, and any conditioning and preconditioning, shall be
specified by the relevant technical committee, having regard to such factors as:

— the required accuracy of test results;

— the random nature of the observed phenomenon and any polarity dependence of
the measured characteristics;

— the possibility of progressive deterioration with repeated voltage applications.

3.2 General arrangement of the test object

At the time of the test, the test object shall be complete in all essential details and it shall
have been processed in the normal manner for similar equipment.

Unless otherwise specified by the relevant technical committee, the test object should be
dry and clean and in an environmentally stable condition. If not otherwise specified by
the relevant technical committee, the test shall be made at ambient temperature and the
procedure for voltage application shall be as specified in the relevant clauses of this
standard.

3.3 Atmospheric conditions
3.3.1 Standard reference atmosphere
The standard reference atmosphere according to IEC 68-1 is:

temperature t,=20°C
pressure p, = 101,3 kPa (1 013 mbar)

NOTE - A pressure of 101,3 kPa corresponds to the height of 760 mm in a mercury barometer at 0 °C.
If the barometer height is H mm of mercury, the atmospheric pressure in Pascals is approximately:

p = (0,1333 H) kPa

Correction for temperature is considered to be negligible with respect to the height of the mercury column.

3.3.2 Atmospheric correction factor

The disruptive discharge of clearances depends upon the atmospheric conditions. Usually,
the disruptive discharge voltage for a given path in air is increased with increase in air
density. When the relative humidity exceeds about 75 %, the disruptive discharge voltage
becomes irregular, especially when the disruptive discharge occurs across an insulating
surface.

© STANDARDS MALAYSIA 2010 - All rights reserved
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By applying the correction factor, a disruptive discharge voltage measured in given test
conditions (temperature t, pressure p) may be converted to the value which would have
been obtained under the standard reference atmospheric conditions (t,, p,). Conversely, a
test voltage specified for given reference conditions can be converted into the equivalent
value under the test conditions.

The disruptive discharge voltage is proportional to the air density correction factor K.
If not otherwise specified by the relevant technical committee, the voltage U to be applied

during a test on clearances is determined by multiplying the specified withstand voltage U,
by K:

Similarly, measured disruptive discharge voltages U are corrected to those applicable for
standard reference atmosphere U, by dividing by K:

U, = UK

The test report shall alwayé contain a record of the actual atmospheric conditions
(temperature, pressure and relative humidity) during the test and the correction factor
applied.

The air density correction factor K depends on the relative air density according to:

273 +t p
K = P ©  for0,9< —
P, 273 + t P,

< 1,1

where temperatures t and ¢, are expressed in degrees Celsius and the atmospheric
pressures p and p, in the same unit (kPa or mbar). For pressure ratios outside this range,
further information is given in Amendment 1 to IEC 664.

NOTE - IEC 664 gives information on the relationship between barometric pressure and altitude.

When the correction factor K is much different from the unity, and in cases where both
clearances and solid insulation are involved, it is left to the relevant technical committee to
decide on the test procedure necessary to ensure that the insulation is stressed to the
specified level.

SECTION 4: TESTS WITH DIRECT VOLTAGE

4.1 Definitions for direct voltage tests
41.1 Value of the test voltage

The arithmetic mean value.

© STANDARDS MALAYSIA 2010 - All rights reserved
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4.1.2 Ripple

The periodic deviation from the arithmetic mean value of the voltage. The amplitude of the
ripple is defined as half the difference between the maximum and minimum values. The
ripple factor is the ratio of the ripple amplitude to the arithmetic mean value.

4.2 Test voltage
4.2.1 Requirements for the test voltage
4211 Voltage shape

The test voltage, as applied to the test object, shall be a direct voltage with not more than
3% ripple factor, unless otherwise specified by the relevant technical committee. Note that
the ripple factor may be affected by the presence of the test object and by the test
conditions.

4.2.1.2 Tolerance

If not otherwise specified by the relevant technical committee, a tolerance of +3 % is
acceptable between the specified and the measured test voltage values.

NOTE - it is emphasized that the tolerance constitutes the permitted difference between the specified
value and that actually measured. This difference should be distinguished from the measuring error which
is the difference between the measured value and the true value.

4.2.2 Generation and measurement of the test voltage

The test voltage is generally obtained by means of rectifiers. The requirements to be met
by the test voltage source depend considerably upon the type of apparatus which is to be
tested and on the test conditions. These requirements are determined mainly by the value
and nature of the test current to be supplied.

The source characteristics should be such as to permit charging of the capacitance of the
test object in a reasonably short time. in the case of objects having high capacitance,
charging times of several minutes must, however, sometimes be accepted for type tests.
The source, including its storage capacitance, should also be adequate to supply the leak-
age, absorption and partial discharge currents without voitage drops exceeding 5 %.

The characteristics of the test voltage source and the calibration of the measuring system
shall be verified in accordance with the requirements of future IEC 1180-2.

4.3 Test procedures
4.3.1 Withstand voltage tests

The voltage shall be applied to the test object starting at a value sufficiently low to prevent
any effect of overvoitage due to switching transients. It should be raised sufficiently slowly
as to permit reading of the instruments, but not so slowly as to cause unnecessary prolon-
gation of stressing of the test object near to the test voltage.

© STANDARDS MALAYSIA 2010 - All rights reserved
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For type tests, these requirements are, in general, met if the rate of rise is about 5 % of
the estimated final voitage per second when the applied voltage is above 75 % of this
voltage. It shall be maintained for the specified time and then reduced by discharging the
smoothing capacitor and the test object through a suitable resistor.

The test duration shall be specified by the relevant technical committee taking into
consideration that the time to reach the steady state voltage distribution depends on the
resistances and capacitances of the test object components.

The polarity of the voltage or the order in which voltages of each polarity are applied, and
any required deviation from the above specifications, should be specified by the relevant
technical committee.

Unless otherwise specified by the relevant technical committee, the requirements of the
test are satisfied if no disruptive discharge occurs on the test object.

4.3.2 Assured disruptive discharge voltage tests

The requirements of the test are generally satisfied if the value of the recorded disruptive
discharge voltage is not higher than the assured disruptive discharge voltage on each one
of a specified number of voltage applications.

SECTION 5: TESTS WITH ALTERNATING VOLTAGE

5.1 Definitions for alternating voltage tests
5.1.1 Peak value

The maximum value.

5.1.2 R.M.S value

The square root of the mean value of the square of the voltage values during a complete
cycle.

5.2 Test voltage
5.2.1 Requirements for the test voltage
5.211 Voltage waveshape

The alternating test voltage, as applied to the test object, should generally have a
frequency in the range 45 Hz to 65 Hz, normally referred to as power-frequency test volt-
age. Special tests may be required at frequencies considerably below or above this range,
as specified by a technical committee.

The voltage shape shail approximate to a sinusoid with both half-cycles closely alike. This

requirement is considered met if the ratio of peak to r.m.s. values is equalto V2 £ 5 %.
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5.2.1.2  Value of the test voltage

The peak value divided by V2.
NOTE - The relevant technical committee may require measurement of the r.m.s. value of the test voltage

instead of the peak value for cases where the r.m.s. value may be of importance. Such cases are, for
instance, when thermal effects are involved.

5.2.1.3 Tolerance

If not otherwise specified by the relevant technical committee, a tolerance of £+ 3 % is
acceptable between the specified and the measured test voltage values.

NOTE - it is emphasized that the tolerance constitutes the permitted difference between the specified

value and that actually measured. This difference should be distinguished from the measuring error which
is the difference between the measured value and the true value.

5.2.2 Generation and measurement of the test voltage
5.2.21 General requirements

The voltage in the test circuit should be stable enough to be practically unaffected by vary-
ing leakage currents.

5.2.2.2  Requirements for the test circuit

At the test voltage, the prospective short-circuit current at the test object shall be at least
0,1 Ar.m.s. for type tests.

The characteristics of the generator shall be verified in accordance with the requirements
of the future IEC 1180-2.

NOTES

1 The voltage stability can be verified by the direct recording of the voltage applied to the test object.

2 Where high capacitive loading limits the a.c. test voltage, it may be necessary to perform a d.c. test as
an alternative (see clause 5.2). The relevant technical committee shall specify the equivalent d.c. test
voltage.

5.2.3 Measurement of the test voltage

The calibration of the measuring system shall be verified in accordance with the require-
ments of the future IEC 1180-2.

5.3 Test procedures
5.3.1 Withstand voltage tests

The voltage shall be applied to the test object starting at a value sufficiently low to prevent
any effect of overvoltages due to switching transients. It shall be raised sufficiently slowly
as to permit accurate reading of the measuring instrument but not so slowly as to cause
unnecessary prolongation of the stressing of the test object near to the test voltage.
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For type tests, these requirements are, in general, met if the rate of the rise is about 5 %
of the estimated final test voltage per second, when the applied voltage is above 75 % of
this voltage. It shall be maintained for the specified time and then rapidly decreased, but
not suddenly interrupted, as this may generate switching transients which could cause
damage or erratic test results.

The test duration is to be specified by the relevant technical committee, and should be
independent of the frequency in the range from 45 Hz to 65 Hz.

Unless otherwise specified by the relevant technical committee the requirements of the
test are satisfied if no disruptive discharge occurs on the test object.

5.3.2 Assured disruptive discharge voltage tests

The requirements of the test are generally satisfied if the value of the recorded disruptive
discharge voltage is not higher than the assured disruptive discharge voltage on each one
of a specified number of voltage applications.

SECTION 6: TESTS WITH IMPULSE VOLTAGE

6.1 Definitions for impulse tests
6.1.1 Definitions of general applicability

These definitions apply to impulses without oscillations or overshoot or to the mean curve
drawn through the oscillations and overshoot.

6.1.1.1 Value of the test voltage

For an impulse without oscillations, its peak value.

The determination of the peak value, in the case of oscillations or overshoot on standard
impulses, is considered in 6.2.2.

For other impulse shapes, the relevant technical committee shall define the value of the
test voltage, taking into account the type of test and test object.

6.1.1.2 Virtual front time T1

1,67 times the interval T, between the instants when the impulse is 30 % and 90 % of the
peak value (points A and B, figure 1).

6.1.1.3  Virtual origin O,

The instant preceding that corresponding to point A (figure 1) by a time 0.3 T,. This is the
intersection with the time axis of a straight line drawn through the reference points A and
B on the front.
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6.1.1.4 Virtual time to half-value T2

The time interval between the virtual origin O, and the instant when the voltage has
decreased to half the peak value.

6.2 Test voltage
6.2.1 Standard impulse

A full impulse having a virtual front time of 1,2 ps and a virtual time to half-value of 50 ps.
It is described as a 1,2/50 impulse. Other waveshapes may be specified by the relevant
technical committee.

6.2.2 Tolerances on standard impulse

If not otherwise decided by the relevant technical committee, the following differences are
accepted between specified values for the standard impulse and those actually recorded:

Peak value + 3%
Front time + 30 %
Time to half-value + 20 %

NOTE - Itis emphasized that the tolerances on the peak value, front time and time to half-value constitute
the permitted differences between specified values and those actually recorded by measurements. These
differences should be distinguished from measuring errors which are the difference between the values
actually recorded and the true values.

With some test circuits, oscillations or an overshoot may occur at the crest of the impulse
(see figure 2 a-d). If the frequency of such oscillations is not less than 0,5 MHz, or the
duration of overshoot not over 1us, a mean curve should be drawn as in figures 2 a-d, and
for the purpose of measurement, the maximum amplitude of this curve is chosen as the
peak value defining the value of the test voltage. Other waveshapes may occur due to
load characteristics, guidance for the interpretation of such waveshapes shall be given by
the relevant technical committee.

Overshoot or oscillations in the neighbourhood of the crest are acceptable provided their
single peak amplitude is not larger than 5 % of the peak value. In commonly used impulse
generator circuits, oscillations on that part of the wavefront during which the voltage does
not exceed 90 % of the peak value have generally negligible influence on test results.
The impulse should be essentially unidirectional, but see note.

NOTE - In specific cases, such as during tests on low impedance objects, e.g. large capacitors, it may be
impossible to adjust the shape of the impulse within the tolerances recommended, to keep the oscillations
or the overshoot within the specified limits, or to avoid a polarity reversal. Such cases should be dealt with
by the relevant technical committee.

6.2.3 Generation of the test voltage

The impulse is usually produced by an impulse generator consisting of a capacitor
charged from a direct voltage source and then discharged into a circuit which includes the
test object.
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The characteristics of the impulse generator shall be verified in accordance with the
requirements of the future IEC 1180-2.

The relevant technical committee shall specify the conventional output impedance of the
generators (see 8.1.2.2).

6.2.4 Measurement of the test voltage and impulse voltage waveshape

The measurement shall be made with the test object in the circuit. Nevertheless, the
measurement may be made with the impulse generator not connected to the test object
when the impedance of the test object has a negligible effect on the amplitude and
- waveform of the test voltage. Where a number of test objects of the same design and size
are tested under identical conditions, the shape needs only to be verified once.

The calibration of the measuring system shall be verified in accordance with the require-
ments of the future IEC 1180-2.
NOTES

1 Determination of the impulse shape by calculation from the test circuit parameters is not considered to
be satisfactory.

2 Where high capacitive loading does not allow the impulse waveshape to be obtained within
the specified tolerances, it may be necessary to perform a d.c. test as an alternative (see clause 4.2). The
relevant technical committee shall specify the d.c. test voltage and duration.

6.3 Test procedures
6.3.1 Calibration of impulse voltage waveshape

Using an approved measuring system, the waveshape of the impulse voltage applied to
the test object shall be verified using impulses not less than 50 % of the test voltage level.

6.3.2 Withstand voltage tests

Five impulses of the specified shape and of each polarity are applied at the withstand
voltage level. The requirements of the test are satisfied if no indication of disruptive
discharge or partial breakdown is obtained.

The relevant technical committee shall specify the criteria for identification and evaluation
of partial breakdown, where applicable.

6.3.3 Assured disruptive discharge voltage tests

Five impulses of the specified shape and of each polarity are applied at the assured
disruptive discharge voltage level. The requirements of these tests are satisfied if there is
a disruptive discharge at every application.

The relevant technical committee may also specify other procedures for specific test
objects.
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SECTION 7: TESTS WITH IMPULSE CURRENT

7.1 Definitions for impulse current tests
711 Impulse current

Two types of impulse currents are dealt with. The first type has a shape which increases
from zero to peak value in a short time, and thereafter decreases to zero, either approxi-
mately exponentially or in the manner of a heavily-damped sine curve. This type is defined
by the front time T, and the time to half-value T, (see 7.1.3 and 7.1.5).

The second type has an approximately rectangular shape and is defined by the duration of
the peak and the total duration (see 7.1.6 and 7.1.7).

7.1.2 Value of the test current

This is normally defined by the peak value. With some test circuits, overshoot or oscil-
lations may be present on the current. The relevant technical committee shall specify
whether the value of the test current should be defined by the actual peak or by a smooth
curve drawn through the oscillations.

7.1.3 Virtual front time T1

This parameter is defined by 1,25 times the interval between the instants when the
impulse is 10 % and 90 % of the peak value (see figure 3a). If oscillations are present on
the front, the 10 % and 90 % values shall be derived from a mean curve drawn through
these oscillations in a manner analogous to that used for voltage impulses with oscillations
on the front (see figure 2).

7.1.4  Virtual origin O,

The instant preceding that at which the current is 10 % of the peak value by a time 0,1 T..
This is the intersection with the time axis of a straight line drawn through the 10 % and
90 % reference points on the front.

7.1.5 Time to half-value T2

A virtual parameter defined as the time interval between the virtual origin O, and the
instant at which the current has decreased to haif the peak value.

7.1.6 Duration of peak of a rectangular impulse current T

A virtual parameter defined as the time during which the current is greater than 90 % of its
peak value (see figure 3b).

7.1.7 Total duration of a rectangular impulse current T,

A virtual parameter defined as the time during which the current is greater than 10 % of its
peak value (see figure 3b). If oscillations are present on the front, a mean curve should be
drawn in order to determine the time at which the 10 % value is reached.
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7.2 Test current
7.21 Standard impulse currents

Three standard impulse currents corresponding to the first type of impulse defined in 7.1.1
are used:

— 1/20 impulse: front time: 1 ps; time to half-value: 20 ps;
-~ 8/20 impulse: front time: 8 ps; time to half-value: 20 ps;
— 30/60 impulse: front time: 30 ps; time to half-value: 60 ps.

Rectangular impulse currents have duration of the peak T of 300 ps, 500 ps, 1 000 ps.

7.2.2 Tolerances

If not otherwise specified by the relevant technical committee, the following differences
are accepted between the specified values for standard impulse currents and those
actually recorded:

For 1/20, 8/20 and 30/60 impulses:

Peak value +10 %
Front time T1 +20 %
Time to half-value T2 +20 %

A small overshoot or oscillations are tolerated provided that their single peak amplitude in
the neighbourhood of the crest of the impulse is not more than 5 % of the peak value.
Any polarity reversal after the current has fallen to zero shall not be more than 20 % of the
peak value.

For rectangular impulses:

Peak value +20 %, - 0%
Duration of the peak T +20 %, - 0%

An overshoot or oscillations are tolerated provided that their single peak amplitude is not
more than 10 % of the peak value. The total duration of a rectangular impulse should
not be larger than 1,5 times the duration of the peak and the polarity reversal shall be
limited to 10 % of the peak value.

NOTE - Itis emphasized that the tolerances on the peak value, front time and time to half-value constitute
the permitted differences between specified values and those actually recorded by measurements. These
differences should be distinguished from measuring errors which are the difference between the values
actually recorded and the true values.

7.2.3 Measurement of the test current

The test current shall be measured with a measuring system which has passed the calibra-
tion procedure referred to in the future IEC 1180-2.
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7.2.4 Measurement of voltages during tests with impulse current

If required in the relevant product standard the voltages developed across the test object
during tests with high impulse currents shall be measured by a measuring system which
has passed the approval procedure referred to in the future IEC 1180-2 for the measure-
ment of impulse voltages.

NOTE - The impulse current may induce appreciable voltages in the voltage measuring circuit, causing
significant errors. As a check, it is therefore recommended that the lead that normally joins the voltage
divider to the live end of the test object should be disconnected from this point and connected instead to
the earthed end of the test object, but maintaining approximately the same loop. Alternatively, the test
object may be short-circuited or replaced by a solid metal conductor. The voltage measured when the
generator is discharged under any of these conditions should be negligible in comparison with the voltage
across the test object, at least during the part of the impulse which is of importance for evaluating the test
results.

7.3 Test procedures

Testing with impulse currents is used for a wide range of applications and frequently in-
volves non-linear conditions. Consequently, the relevant technical committee shall specify:

- the current magnitude;

— the number of impulses;

— the polarity;

— the waveshape;

— the time interval between successive applications;
— the calibration procedure;

— the acceptance criteria.

NOTE - When the load is non-linear, consideration should be given to whether the specified waveshape
should be obtained with the test object in the circuit or with the impulse generator terminals short-circuited.

SECTION 8: COMPOSITE TESTS

8.1 Definitions for composite tests
8.1.1 General

The insulation of equipment which includes voltage limiting devices can only be tested
with impulse voltages because an "equivalent" power frequency voltage or direct voltage
could possibly damage these limiting devices and would not represent service conditions.

The purpose of testing such equipment is:
— to check that the test voltage as applied to the fully assembled equipment under
test is limited to the specified value;
— to check the dielectric capability of the test object to withstand these voltages;

~ to check the capability of the equipment which includes voltage limiting devices, to
withstand a rated energy
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The energy of a standard impulse voltage generator is, therefore, generally insufficient
and shall be backed by an impulse current or by the power of the mains.

8.1.2 Definitions
8.1.2.1  Hybrid impulse generator

An impulse generator delivering a defined impulse voltage waveshape under no-load
conditions and a defined impulse current waveshape under short-circuit conditions.

8.1.2.2  Virtual impulse generator impedance

The ratio between the peak open-circuit output voltage and peak short-circuit current of
the impulse generator.

NOTE - The voltage and current waves usually have their peak values at different times.

8.1.2.3  Virtual withstand voltage

The prospective test voltage with a specified follow-on energy which can be applied to the
test object, including voltage limiting devices, without damage.

8.2 Tests with hybrid impulse generators
8.2.1 Introduction

The hybrid impulse generator can be used alone (see clause 8.3) or in combination with
the mains, or any suitable power source (see clause 8.4).

The following subclauses apply to both clauses.

8.2.2 Test voltages and currents
8.2.2.1  Standard impulse of the hybrid impulse generator

The standard impulse is characterized by the output voltage under open-circuit conditions
and the output current under short-circuit conditions. The open-circuit output voltage shall
have a virtual front time of 1,2 ps and a virtual time to half-value of 50 ps. The short-circuit
output current shall have a virtual front time of 8 ys and a virtual time to half-value of
20 ps.

Other waveshapes may be specified by the relevant technical committees.

8.2.2.2 Tolerances on no-load impulse voltage

If not otherwise specified by the relevant technical committee, the following differences
are accepted between specified values for the standard impulse voltage and those actually
recorded on no-load conditions:
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Peak value * 3%
Front time + 30 %
Time to half-value + 20 %

NOTE - Itis emphasized that the tolerances on the peak value, front time and time to half-value constitute
the permitted differences between specified values and those actually recorded by measurements. These
differences should be distinguished from measuring errors which are the difference between the values
actually recorded and the true values.

Overshoot or oscillations in the neighbourhood of the crest are acceptable provided their
single peak amplitude is not larger than 5 % of the peak value. In commonly used impulse
generator circuits, oscillations on that part of the wavefront during which the voltage does
not exceed 90 % of the peak value have generally negligible influence on test results.
The voltage impulse should be essentially unidirectional.

8.2.2.3  Tolerances on short-circuit impulse current

If not otherwise specified by the relevant technical committee, the following ditferences
are accepted between the specified values for the standard impulse current and those
actually recorded under short-circuit conditions:

Peak value + 10%
Front time + 20 %
Time to half-value + 20 %

A small overshoot or oscillations are tolerated provided that their single peak amplitude in
the neighbourhood of the crest of the impulse is not more than 5 % of the peak value. Any
polarity reversal after the current has fallen to zero shall not be more than 30 % of the
peak value.

8.2.24 Tolerances on virtual impedance of impulse generator

The virtual impedance of the impulse generator shall be within £ 15 % of the specified
value.

8.2.3 Generation of test voltage and current

The impulse is usually produced by an impulse generator consisting of a capacitor
charged from a direct voltage source and then discharged into a circuit which includes the
test object.

The relevant technical committee shall specify the virtual impedance of the impulse
generator. Preferred values are 2 Q and 12 Q.

8.2.4 Verification of hybrid impulse generator characteristics

The measurement of the peak value, the time parameters and the overshoot, or oscil-
lations, of the hybrid generator output voltage and current waves shall be made with
measuring systems calibrated in accordance with the future IEC 1180-2.

The measurement of the impulse voltage shall be made with the impuise generator not
connected to the test object, as the impedance of the test object may have a significant
effect on the amplitude and waveform of the test voltage.
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The measurement of the impuise current shall be made with the impulse generator short-
circuited at its terminals.
NOTES

1 Determination of the impulse waveshape by calculation from the test circuit parameters is not con-
sidered satisfactory.

2 When measuring impulse current, the short-circuiting connection should be as short as possible and
preferably less than 1 m.

8.2.5 Measurement of test voltage and current

The measurement of the peak value, the time parameters and the overshoot, or oscil-
lations, on the test voltage and test current waves shall be made with measuring systems
calibrated in accordance with the future IEC 1180-2.

NOTE - If during the impulse current measurement, the voltage across the test object is also measured,
the precautions described in 7.2.4 should be observed.

8.3 Test procedures with the hybrid impulse generator alone
8.3.1 Preparation of équipment

Except when specified otherwise by the relevant technical committee, the test object shall
be complete as in service conditions.

8.3.2 Impulse test sequence

The impulse test sequence shall commence at a level of approximately 30 % of the rated
impulse withstand level and continue in increments, time intervals and number, specified
by the relevant technical committee to a value of 100 % of the rated impulse withstand
level.
NOTE 1 — The test object may contain gapped surge arresters and, in such cases, the stress on the
equipment at low impulse voltage levels may be higher than that imposed on the equipment at high impulse
voltage levels when the surge arrester operates.

Five impulses of each polarity shall be applied, with the no-load voltage of the hybrid
impulse generator equal to the rated impulse voltage withstand level of the test object.

NOTE 2 — When successive impulses are applied, care should be taken to ensure that the interval between
impulses is sufficientto-ensure that the thermal capability of the test object is not exceeded.
8.3.3 Assessment of test results

The assessment of the test results is often difficult and should normally include a check of
the functional characteristics of the test object, as specified by the relevant product
standard.

8.4 Test procedures with the hybrid impulse generator and mains
8.4.1 General

This is a test in which service conditions are simulated by the application to the test object
of a number of impulses while it is energized by a power supply of specified frequency,
voltage and impedance. Annex A describes a typical test circuit which may be used.
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The purpose of this test is not to check the correct functional performance of the equip-
ment during the test, as it would be in EMC tests.

NOTE - If EMC tests are required on the equipment, then the possibility of using the same test and test
arrangements should be considered.

8.4.2 Preparation of equipment

Except when specified otherwise by the relevant technical committee, the equipment shall
be complete as in service conditions.

8.4.3 Impulse test sequence

The impulses should be synchronized with the mains voltage phase and be timed to occur
at the peak of the power frequency voltage and of the same polarity with a phase
tolerance of + 10 degrees. Five impulses of each polarity shall be applied with a pro-
spective amplitude equal to the rated impulse withstand voltage.

When the impulses are not synchronized, as many impulses as necessary are applied until
three impulses of each polarity are triggered within the phase tolerance mentioned above.
If the phase relationship is not known, 20 impulses of each polarity shall be applied at
random.

8.4.4 Assessment of test results

The measurement of the actual test voltage and test current shall be made at the
terminals of the equipment under test.

The actual test voltage and current waveshapes shall be recorded for at least one impulse
on each polarity. The record should include at least one complete cycle of power fre-
quency voltage before and after application of the impulse.

The assessment of the test results is often difficult and should normally include a check of
the functional characteristics of the test object after the test is completed, as specified by
the relevant product standard.

Tripping of the mains power supply is one indication of failure. Other indications of failure
may be defined by the relevant technical committee.

8.5 Test procedure with the conventional 1,2/50 impulse generator and mains

According to the requirements for the test object, the relevant technical committee may
consider that the hybrid impulse generator is not appropriate and can be replaced by the
conventional 1,2/50 impulse generator for this test. However, in this case, certain charac-
teristics of the test object will not be checked.

Preparation of the test object, the test sequence and assessment of the test results shall
be in accordance with 8.4.2, 8.4.3 and 8.4.4.
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Figure 2 —Exemples de chocs avec des oscillations ou un lancé (6.2.2)
Examples of impulses with oscillations or overshoot (6.2.2)

a)b) La valeur de la tension d’essai est déterminée par une courbe moyenne (en traits
pointillés)
The value of the test voltage is determined by a mean curve (broken line)

c)d) Lavaleur de la tension d’essai est déterminée par la valeur de créte
The value of the test voltage is determined by the crest value
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b) CEI-IEC 1062192

Figure 3 — Evaluation de la forme d’onde d’un courant de choc (article 7.1)
Evaluation of impulse current waveshape (clause 7.1)

a) Exponentielle b) Rectangulaire
Exponential Rectangular
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Annex A
(informative)

Arrangements for composite tests
(Clause 8.4 or 8.5)

When an impulse generator is used in coordination with the mains for composite tests, the
test arrangement shown in figure A.1 may be used.

It is necessary to use a filter which reduces the transmission of the impulse voltage to the
mains by a factor of approximately 20 at 10 KHz, but allows the power frequency short-
circuit current to feed the test object. An inductance L; of 100 pH per pole, together with a
capacitor C of about 20 pF is generally suitable for this purpose.

C_ is a decoupling capacitor the size of which is at least 20 times the effective capa-
ci’t)ance of the equipment under test, but not so high as to increase the impulse time
characteristics by more than 20 %. The purpose of this capacitor is to reduce the power
frequency voltage applied to the impulse generator to a level it can accept without
damage; 10 pF capacitors are generally acceptable.

The impedance of the mains at power frequency, including L;, should not be more than
(0.5 +j 0.25) Q {in accordance with IEC 555-3).

Figure A.1 applies to single-phase testing. It is left to the relevant technical committee to
specify other arrangements for three-phase circuits.
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Annex B
(informative)

Information to be given in the test report

Unless otherwise specified by the relevant technical committee, the following information
should be included in the test report:

Description of test object

Reference standard and/or test specification

Climatic conditions

Characteristics of current/voltage source

Test arrangement

Test procedure

Measurements and other observations

0 N O O A WO =

Assessment of tests.
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