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INTRODUCTION

During the past few decades experience has been gained with synthetic testing techniques
and methods. It has been proven that synthetic testing is an economical and technically
correct way to test high-voltage a.c. circuit-breakers according to the requirements of
IEC 60056.

This is why it was decided to include synthetic testing methods, after a thorough revision of
the first edition of IEC 60427, as equivalent to the direct test methods.
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SYNTHETIC TESTING OF HIGH-VOLTAGE ALTERNATING
CURRENT CIRCUIT-BREAKERS

1 Scope

This International Standard applies to a.c. circuit-breakers within the scope of IEC 60056. It
provides the general rules for testing a.c. circuit-breakers, for making and breaking capacities
over the range of test-duties described in 6.102 to 6.111 of IEC 60056, by synthetic methods.

NOTE  Circuits for the test duties described in 6.111 have not yet been standardized. However, present methods
are given in annex GG.

The methods and techniques described are those in general use. The purpose of this
standard is to establish criteria for synthetic testing and for the proper evaluation of results.
Such criteria will establish the validity of the test method without imposing restraints on
innovation of test circuitry.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this International Standard 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 60050(441):1984, International Electrotechnical Vocabulary (IEV) – Chapter 441:
Switchgear, controlgear and fuses

IEC 60056:1987, High-voltage alternating current circuit-breakers

IEC 61633:1995, High-voltage alternating current circuit-breakers – Guide for short-circuit and
switching test procedures for metal-enclosed and dead tank circuit-breakers

3 Definitions

For the purposes of this International Standard the definitions of IEC 60056 and the following
definitions apply:

3.1
direct test
a test in which the applied voltage, the current and the transient and power-frequency
recovery voltages are all obtained from a circuit having a single-power source, which may be
a power system or special alternators as used in short-circuit testing stations or a combination
of both
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3.2
synthetic test
a test in which all of the current, or a major portion of it, is obtained from one source (current
circuit), and in which the applied voltage and/or the recovery voltages (transient and power-
frequency) are obtained wholly or in part from one or more separate sources (voltage circuits)

3.3
test circuit-breaker
the circuit-breaker under test (see 6.102.2 of IEC 60056)

3.4
auxiliary circuit-breaker(s)
the circuit-breaker(s) forming part of a synthetic test circuit used to put the test circuit-breaker
into the required relation with various circuits

3.5
current circuit
that part of the synthetic test circuit from which all or the major part of the power-frequency
current is obtained

3.6
voltage circuit
that part of the synthetic test circuit from which all or the major part of the test voltage is
obtained

3.7
prospective current (of a circuit and with respect to a circuit-breaker)
the current that would flow in the circuit if each pole of the test and auxiliary circuit-breakers
were replaced by a conductor of negligible impedance [IEV 441-17-01, modified]

3.8
actual current
the current through the test circuit-breaker (prospective current modified by the arc-voltage of
the test and auxiliary circuit-breakers)

3.9
distortion current
a calculated current equal to the difference between the prospective current and the actual
current

3.10
post-arc current
the current which flows through the arc-gap of a circuit-breaker immediately after the current
and arc-voltage have fallen to zero and the transient recovery voltage has begun to rise

3.11
current-injection method
a synthetic test method in which the voltage circuit is applied to the test circuit-breaker before
power-frequency current-zero

3.12
injected current
the current supplied by the voltage circuit of a current injection circuit when it is connected to
the circuit-breaker under test
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3.13
voltage-injection method
a synthetic test method in which the voltage circuit is applied to the test circuit-breaker after
power-frequency current-zero

3.14
reference system conditions
the conditions of an electrical system having the parameters from which the rated and test
values of IEC 60056 are derived

4 Synthetic testing techniques and methods – Short-circuit breaking tests

4.1 Basic principles and general requirements for synthetic breaking test methods

Any particular synthetic method chosen for testing shall adequately stress the test circuit-
breaker. Generally, the adequacy is established when the test method meets the requirements
set forth in the following subclauses.

Basic intervals

A circuit-breaker has two basic positions: closed and open. In the closed position a circuit-
breaker conducts full current with negligible voltage drop across its contacts. In the open
position it conducts negligible current but with full voltage across the contacts. This defines
the two main stresses, the current stress and the voltage stress, which are separated in time.

If closer attention is paid to the voltage and current stresses during the interrupting process
(figure 1), three main intervals can be recognized:

– High-current interval
The high-current interval is the time from contact separation to the start of the significant
change in arc-voltage. The high-current interval precedes the interaction and high-voltage
intervals.

– Interaction interval
The interaction interval is the time from the start of the significant change in arc-voltage
prior to current-zero to the time when the current including the post-arc current, if any,
ceases to flow through the test circuit-breaker. (See also annex BB.2).

– High-voltage interval
The high-voltage interval is the time from the moment when the current including the post-
arc current, if any, ceases to flow through the test circuit-breaker to the end of the test.

4.1.1 High-current interval

During this interval the test circuit-breaker shall be stressed by the test circuit in such a way
that the starting conditions for the interaction interval, within tolerances to be specified, are
the same as under reference system conditions.

In synthetic test circuits the ratio of the power-frequency voltage of the current circuit to the
arc-voltage is low in comparison with tests at reference system conditions due to:

– the voltage of the current circuit being a fraction of the system voltage;
– the fact that the arc-voltages of the test circuit-breaker and of the auxiliary circuit-breaker

are added.
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As a result the duration of the current loop and the peak value of the current will be reduced.
This distortion of the current is outlined in annex AA.

Considerations with respect to the arc-energy released in the test circuit-breaker lead to a
maximum permissible influence in terms of tolerances on two characteristic values of the
shape of the current, i.e. current-peak value and current-loop duration (see annex AA).

The tolerance on the amplitude and the power frequency of the prospective breaking current,
as given in 6.103.2 and 6.104.3 of IEC 60056, shall not be exceeded by the actual current
through the test circuit-breaker. Therefore the following conditions shall be met:

– the actual current amplitude during the last loop in the test circuit-breaker shall comply
with the requirements for the prospective current stated in 6.104.3 of IEC 60056. The
amplitude of the final loop of the actual test current in a single phase circuit shall be not
less than 90 % of the value specified;

– the duration of the final loop of the actual power-frequency test current shall be not less
than 90 % of the loop duration given by the rated frequency after taking into account,
where this is appropriate, the effect of the specified d.c. component;

– when performing synthetic tests on circuit-breakers possessing arc-voltage characteristics
which would significantly modify the current in service, the influence of the arc-voltage on
the current amplitude and loop duration may be allowed for when considering the
tolerances given above.

The detailed procedure for estimating these corrections with examples for establishing the
tolerances is given in annex AA.

To keep within the tolerances for the test current, it is acceptable to increase the current by
increasing the voltage or reducing the reactance of the current circuit, or to apply a current
with an increased d.c. component or a reduced power frequency. For this purpose the
specified tolerances for d.c. component and power frequency may be exceeded subject to the
consent of the manufacturer.

4.1.2 Interaction interval

During the interaction interval, the short-circuit current stress changes into high-voltage stress
and the circuit-breaker performance can significantly influence the current and voltages in the
circuit. As the current decreases to zero, the arc voltage may rise to charge parallel
capacitance and distort current passing through the arc. After the current-zero the post-arc
conductivity may result in additional damping of the transient recovery voltage and thus
influence the voltage across the circuit-breaker and the energy supplied to the ionised contact
gap. The interaction between the circuit and the circuit-breaker immediately before and after
current-zero (i.e. during the interaction interval) is of extreme importance to the interrupting
process.

During the interaction interval the current and voltage wave forms shall be the same for a
synthetic test as under reference system conditions (3.14), taking into account the possible
deviations of the current and voltage from the prospective values due to the interaction
between the circuit-breaker and the circuit.

The interaction interval presents the critical time for the thermal failure mode of the circuit-
breaker. Therefore, it is of extreme importance that the shape and magnitude of the
prospective transient recovery voltage (TRV) corresponds to that associated with the
prospective current of the relevant test-duty.
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The above implies strict requirements for the test circuit. The requirements are given for the
current injection method in 4.2.1 and for the voltage injection method in 4.2.2.

NOTE  Depending on the test circuit used, the interaction between circuit and test circuit-breaker may be
disturbed by the behaviour of the auxiliary circuit-breaker during the critical interval around current-zero.

The arc-voltage of the auxiliary circuit-breaker should be less than or equal to the arc-voltage of the test circuit-
breaker.

If an auxiliary circuit-breaker with a higher arc-voltage is used, a higher power-frequency voltage of the current
circuit may be necessary.

4.1.3 High-voltage interval

During the high-voltage interval the gap of the test circuit-breaker is stressed by the recovery
voltage.

The prospective TRV shall comply with the requirements of 4.102, 4.105, 4.106 and 6.104.5
of IEC 60056. Suitable methods for determining the prospective TRV in synthetic test circuits
can be selected from annex GG of IEC 60056.

The impedance of the voltage circuit shall be low enough to give clear evidence of
breakdown, if any.

NOTE 1  If the test circuit-breaker is fitted with low ohmic parallel resistors, a special procedure may be necessary
(see annex FF).

NOTE 2  If the TRV is obtained from more than one source the overall wave shape should not show any
appreciable discontinuity.

In principle, the power-frequency recovery voltage for the basic short-circuit test-duties shall
equate with the requirements of 6.104.7 of IEC 60056. In synthetic testing the recovery
voltage is supplied from the voltage circuit, either directly or in series with the current circuit.
This gives a d.c. voltage, or a combined a.c. and d.c. voltage, or an a.c. voltage, which in
most cases decays due to the limited energy of the voltage source. It may thus not be
possible to maintain the recovery voltage for at least 0,1 s as specified in 6.104.7 of
IEC 60056. Deviations from the specified recovery voltage are acceptable if the following
conditions are met:

– The instantaneous value of the recovery voltage during a period equal to 1/8 of a cycle of
the rated frequency of the circuit-breaker shall be not less than the equivalent
instantaneous value of the power-frequency recovery voltage specified in 6.104.7 of
IEC 60056 which starts with a minimum peak value of 0,95 h 2 U/ 3 .

h = first pole-to-clear factor (1,3 or 1,5).
U = rated voltage of the circuit-breaker.

– Whether an exponentially decaying d.c., an a.c. or a combined a.c. and d.c. recovery
voltage is used, its instantaneous value (for d.c.) or its peak value (or a.c. or combined
a.c. and d.c) should in principle be kept as close as possible to 2 U/ 3  and in any case
must not fall below 0,5 2 U/ 3  in less than 0,1 s (see figure 2).

– If an exponentially decaying d.c. or a combined a.c. and d.c. recovery voltage imposes an
inappropriate stress on the circuit-breaker compared to that due to the specified a.c.
recovery voltage in reference system conditions, then a more appropriate circuit may be
used taking into account 6.104.7 of IEC 60056 and also the limits stated above.
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4.2 Synthetic test circuits and related specific requirements for breaking tests

4.2.1 Current injection methods

These methods can be described in terms of general principles as follows (see annex BB):

– the current from the voltage source is superimposed on the current in the test circuit-
breaker prior to the interaction interval;

– an auxiliary circuit-breaker interrupts the current from the current circuit prior to the
interaction interval.

During the interaction interval the test circuit-breaker is exposed to the voltage of the voltage
circuit having an impedance which is representative of the reference system conditions. This
explains the validity of current injection methods. Several current injection methods are known
but only the conditions for parallel current injection are given below since this method is used
by the majority of the test laboratories. The following conditions shall be met:

a) TRV wave-shaping circuit
1) The shape and magnitude of the prospective TRV shall comply with the specified

values.
2) Ideally the equivalent surge impedance Zh (see figure 3) shall be equal to

(du/dt)/(di/dt) during the interaction interval. (du/dt) is the rate of rise of the specified
transient recovery voltage and di/dt is the rate of decrease of the specified short-circuit
current.

3) The combination of the stray and lumped capacitance Cdh in parallel with Zh gives rise
to the delay time td = Zh Cdh.

b) Inductance of the voltage circuit
The value of the inductance of the voltage circuit shall be between 1,0 and 1,5 times the
inductance derived from the equivalent power-frequency voltage divided by the
prospective current.

c) Frequency of the injected current and the injection timing
The frequency of the injected current shall preferably be of the order of 500 Hz with a
lower limit of 250 Hz and an upper limit of 1 000 Hz.
The initiation of the injected current shall be adjusted such that the time, during which the
test circuit-breaker is fed only by the injected current, is not more than a quarter of the
period of the injected current frequency with a maximum of 500 �s.
In order to prevent undue influence on the wave shape of the power-frequency current, the
lower limit of the frequency of the injected current is 250 Hz.
The maximum frequency of the injected current is determined by the interval of significant
change of arc-voltage, which interval shall be smaller than the time for which the arc is fed
only by the injected current. To achieve this, the period of the injected frequency should
be at least four times the interval of significant change of arc-voltage (see annex BB).

NOTE  Attention should be paid to the possible overstressing of the circuit-breaker if the time that the test circuit-
breaker is fed by the injected current only is less than 200 �s.

d) Waveshape of the injected current
The prospective rate of decrease (di/dt) of the injected current shall correspond to that of
the prospective power-frequency current.
The injected current shall be practically free of superimposed oscillations for a time not
less than 100 �s before current-zero.
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4.2.2 Voltage injection method

Several voltage. injection methods are known but only series voltage injection is described
here in general terms as follows (see also annex CC):

– The voltage from the voltage circuit is applied to the test circuit-breaker after the
interaction interval.

– An auxiliary circuit-breaker with a parallel capacitor is used to apply the recovery voltage
to the test circuit-breaker.

– During the high-current and interaction intervals the test circuit-breaker is exposed to the
current circuit only.

If the voltage injection method is to be used to check the thermal behaviour of the circuit-
breaker, i.e. to test under terminal fault conditions with initial transient recovery voltage
(ITRV) stress or under short-line-fault conditions, it is necessary to demonstrate the validity of
the test circuit for the interaction interval. This is subject to agreement between manufacturer,
testing station and user.

When used for tests relating to the dielectric behaviour of the circuit-breaker, the following
conditions shall be met:

– the auxiliary circuit-breaker should have an arc-voltage less than or equal to that of the
test circuit-breaker. This condition is met if the extinction peaks of both circuit-breakers
are approximately the same (see note in 4.1.2);

– the impedance of the voltage circuit shall be low enough to provide for reignitions or
restrikes if they occur.

Therefore, the capacitance across the auxiliary circuit-breaker shall be at least 10 nF. Care
should be taken to avoid undue distortion of the current before power-frequency current-zero;

– no pause shall be introduced by the combining of the current circuit and the voltage
circuit.

NOTE  For short-line fault tests, in addition to the voltage injection circuit supplying the source side TRV, a current
injection circuit which is connected to the line-side terminal of the test circuit-breaker can be used to supply the
line-side transient voltage.

4.2.3 Duplicate circuit method (transformer or Skeats circuit)

This method can be described in terms of general principles as follows (see also annex DD):

– the current and voltage are supplied from the same source;
– the a.c. recovery voltage is supplied from a step-up transformer the primary of which is

connected to the current circuit;
– the recovery voltage is applied to the test circuit-breaker through an impedance (normally

a resistance).

The auxiliary circuit-breaker interrupts the current prior to the test circuit-breaker by a short
time interval (usually about 10 �s). During this short interval the value of di/dt of the current in
the test circuit-breaker is decreased.

The test circuit is therefore not valid for tests where attention is paid to the thermal failure
mode of the test circuit-breaker.

The test circuit is suitable for testing the dielectric behaviour of a circuit-breaker.

The test circuit can be used for making tests.
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The test circuit can easily be adapted to supply full voltage stresses in two (or more)
operations e.g. at both closing and opening in a CO operation, at both openings in an O – t –
CO operation or even at consecutive current-zeros in an opening operation. See annex DD.

4.2.4 Other synthetic test methods

Other methods may prove correct and advantageous for testing of circuit-breakers with
specific characteristics or for testing of a circuit-breaker for specific performance. Even
though these methods are not covered by this standard, they can be used subject to
understanding of their application and agreement between the manufacturer and the user.

Synthetic methods for three-phase short-circuit breaking tests are reported in IEC 61633.

A method available for testing circuit-breakers having parallel resistors is reported in annex FF.

5 Short-circuit making tests

5.1 Basic principles and general requirements for synthetic making test methods

During a closing operation onto a short-circuit, the circuit-breaker contact gap is subjected to
the applied voltage corresponding to the r.m.s. value of the rated voltage divided by 3  which
causes its breakdown. After this moment, the circuit-breaker is subjected to the making
current which is expressed by its maximum amplitude î in figure 4 (see 4.103 of IEC 60056).

In a synthetic test circuit the applied voltage is supplied by a separate voltage source and the
short-circuit current is supplied by a reduced voltage current circuit. This latter is connected to
the circuit-breaker immediately after breakdown of the contact gap by means of a fast making
device, e.g. a triggered spark gap.

Any particular synthetic method chosen for testing shall adequately stress the test circuit-
breaker. Generally the adequacy is established when the test method meets the requirements
set forth in the following subclauses.

Basic intervals

Prior to making, a circuit-breaker withstands the rated phase-to-earth voltage applied across
its terminals: during making, it carries the rated short-circuit current. If closer attention is paid
to the voltage and current stresses during the making test – figure 4 – three main intervals
can be recognised:

– High-voltage interval
The high-voltage interval is the time from the commencement of the test, with the circuit-
breaker in the open position, to the moment of breakdown across the contact gap.

– Pre-arcing interval
The pre-arcing interval is the time, during the closing stroke of the circuit-breaker, from the
moment of breakdown across the contact gap to the touching of the contacts.

– Latching interval
The latching interval is the time, during the closing stroke of the circuit-breaker, from the
touching of the contacts to the moment when the contacts reach the fully closed (latched)
position.
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5.1.1 High-voltage interval

During this interval the circuit-breaker shall be stressed by the test circuit in such a way that
the starting conditions for the pre-arcing interval, within the tolerances to be specified, are the
same as under reference system conditions.

Therefore the following conditions shall be met:

– The applied voltage shall comply with the requirement set forth in 6.104.1 of IEC 60056.
– The phase relationship between the applied voltage and the short-circuit current shall

correspond to the rated power factor of the test circuit within the tolerances given in
6.103.1 of IEC 60056.

5.1.2 Pre-arcing interval

During pre-arcing the circuit-breaker is subjected to electrodynamic forces due to the current
and to deteriorating effects due to arc-energy. In general the current is composed of three
components:

– the initial transient making current, ITMC,
– the d.c. and a.c. components of the short-circuit current.

Two typical cases may occur depending on the moment of closing and on the circuit-breaker
design:

– Breakdown occurs near the crest of the applied voltage; an almost symmetrical current is
established. Pre-arc energy and ITMC are relatively high.

– Breakdown occurs near zero of the applied voltage; an asymmetrical current is
established. Pre-arc energy and ITMC are negligible with the exception of the case of non-
simultaneous closing in a multi-unit pole.

NOTE  The ITMC is not defined in 4.103 of IEC 60056; a value sufficient to maintain pre-arcing is adequate.

5.1.3 Latching interval and fully closed position

During these intervals the circuit-breaker has to close in presence of the electrodynamic
forces due to the current and contact friction forces. Therefore during these intervals the
making current shall comply with 4.103 of IEC 60056.

5.2 Synthetic test circuit and related specific requirements for making tests

5.2.1 Test circuit

The test circuit is made up with two sources namely the current and the voltage circuit as
shown in figure 6.

– The voltage circuit, which mainly consists of a low power transformer, supplies:
� the applied voltage during the high-voltage interval;
� the ITMC during the pre-arcing interval, by the discharge of the ITMC-circuit.

– The current circuit supplies the making current during the pre-arcing, and latching
intervals.
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5.2.2 Specific requirements

During a synthetic making test the phase relationship between the applied test voltage and
the short-circuit current depends on the following parameters:

– phase displacement between the current source voltage u1 and the voltage source voltage
u2;

– delay time of making gap;
– minimum sparkover voltage of making gap.

The phase displacement between the applied voltage and the short-circuit current shall be
90 ± 27 electrical degrees.

The injected current supplied by the voltage circuit ensures pre-arcing before the closing of
the fast make gap. Therefore the time constant of ITMC-circuit shall be longer than the make
gap delay time.

NOTE  The voltage source u2 may be an a.c. or a d.c. source.

6 Specific requirements for synthetic tests for making and
breaking performance related to the requirements of
subclauses 6.102 to 6.111 inclusive of IEC 60056

Subclauses 6.102 to 6.111 inclusive of IEC 60056 are also applicable for synthetic testing.
However, in some cases special techniques are necessary. These cases are mentioned in the
subclauses of this clause. The numbering of the subclauses corresponds to that of IEC 60056.

6.102.1.3  Multi-part testing

For synthetic methods for the testing of circuit-breakers fitted with low-ohmic parallel resistors
see annex FF.

6.102.2  Arrangement of circuit-breaker for tests

For synthetic methods for three-phase testing refer to IEC 61633.

6.102.9  Circuit-breakers with short arcing times

In order to be able to perform synthetic tests on the same basis as direct tests, normally it will
be necessary to apply special reignition methods to prolong the arcing of the test circuit-
breaker through the necessary number of zeros of the power-frequency current. See annex
HH for reignition methods to prolong arcing.

NOTE  A method with multiple application of the voltage source involves practically the same procedure as for
direct testing. The voltage source is connected to the test circuit-breaker at each current-zero. If the test circuit-
breaker clears at a zero, the procedure is stopped. If the test circuit-breaker reignites, then the current source is
reconnected by reigniting the auxiliary breaker. At the same time, the voltage source will be disconnected and then
reconnected at the next current-zero, with its polarity reversed appropriately. However, such a procedure is rarely
used, because of its complexity.

The "step-by-step" method is the method used on most synthetic tests. The method is
considered to be a sufficiently close approximation of the direct testing procedure.
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The arcing is prolonged by means of thermal reignitions. As this method makes it possible to
force the test circuit-breaker to reignite in all conditions, special care shall be taken not to
reignite the circuit-breaker at the instant of a current-zero when the circuit-breaker can clear.
For this purpose it is necessary to determine, for each terminal fault, short-line fault and out-
of-phase test duty, the minimum arcing time of the circuit-breaker. At least two breaking tests,
one clearance and one reignition, are necessary for this determination. The arcing time
difference between these two tests is limited to about 1 ms.

The clearance at the minimum arcing time is the first valid breaking operation.

The other test is also performed to demonstrate that a reignition at an early current zero, for
example with an arcing time just below the minimum arcing time, as during a breaking
operation at maximum arcing time, would take place between the arcing contacts.

NOTE 1  The extra tests necessary to demonstrate correct behaviour at early current zeros will usually contribute
insignificantly to contact wear, etc., due to the short arcing times. Therefore, no reconditioning should be
necessary because of these tests.

NOTE 2  The reignition(s) obtained when determining the minimum arcing time do(es) not indicate a fault of the
circuit-breaker. However, it is important to establish that this reignition has taken place between the arcing
contacts only. This may demonstrate the voltage withstand co-ordination at dielectric reignition, at least for the
actual contact position. When using a current injection method the interruption of the injected current a few loops
after the reignition is often a useful means for the judgement. Thorough inspection of screens, arcing and main
contacts, etc., should also be made to verify correct behaviour.

For short-line-fault tests the reignition will usually be due to thermal failure, so that the voltage withstand co-
ordination will not be involved.

NOTE 3  Although this subclause refers to circuit-breakers with short arcing times, the same requirements are in
principle valid for circuit-breakers with longer arcing times.

6.106  Basic short-circuit test-duties

The operating sequences for test-duties Nos. 1, 2, 3 and 5 together with the various methods
of carrying out test-duty No. 4 are shown in table I.

Symbols: Cs = Making operation with specified parameters in a synthetic circuit.
Os = Breaking operation with specified parameters in a synthetic circuit.
Cd = Making operation with reduced applied voltage of the curent source only

and the specified making current.
Od = Breaking operation with reduced transient and power-frequency recovery

voltages of the current source only and with the specified breaking current.
NOTE 1  Due to the characteristics of synthetic testing it may be difficult to comply with the specified time
intervals of the rated operating sequence. See 6.105.1 of IEC 60056.

NOTE 2  In order to comply with all test requirements it may be necessary to make more operations than provided
for in the rated operating sequence. In such cases the circuit-breaker may be reconditioned after the number of
operations provided for in the rated operating sequence.

6.106.1

6.106.2  Test-duties Nos. 1, 2 and 3

6.106.3

For test-duties Nos. 1, 2, and 3, only breaking tests are specified.
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6.106.4  Test-duty No. 4

Several procedures may be used to perform the rated operating sequence synthetically with
the specified parameters (see table 1).

The following methods are available:

Methods 1i) and 1ii)

Method 1i) or 1ii) shall be used when the time constant of the test circuit is equal to the
standard value used for the rated short-circuit breaking current as defined by 4.101.2 of
IEC 60056.

The purpose of the first Os is

a) to comply with the requirement to have two or three (depending on the sequence)
breaking operations at the specified values;

b) to provide the necessary information to enable the control of the tripping impulse to be set
for the relevant requirements during the subsequent operating sequence. This enables the
minimum arcing time conditions to be established, as if direct tests were performed at
specified values. These can then be reproduced during the Od operation in the
subsequent operating sequence.

The conditions to be fulfilled during this two-part test are the following:

a) the breaking operation Od shall be performed under the same minimum arcing time
conditions deriving from the previously conducted Os. Normally, reignition methods (see
annex HH) are necessary to achieve this;

b) the control of the tripping impulse for the breaking operations of the operating sequence
shall be in accordance with the requirements of 6.102.9 (B) of IEC 60056. The arcing time
sequence, for both isolated and earthed neutral systems, shall reproduce that given in
6.102.9 (B)1) of IEC 60056.

In this sequence

a) Cssym is aimed at demonstrating the closing against a symmetrical current equal to the
rated short-circuit breaking current according to 6.104.2 of IEC 60056, and the longest
prestriking arc; this closing operation shall be carried out at an applied voltage as
specified in 6.104.1 of IEC 60056;

b) Cdasy is aimed at demonstrating the rated short-circuit making current according to
6.104.2 of IEC 60056. For this demonstration, the closing operation can be performed at
reduced voltage with the limits stated in 6.104.2;

c) no maintenance is allowed during sequence 1i) or 1ii).

Method 1ii) can be used as an alternative to method 1i) where the testing station is not able to
provide a test circuit such that the circuit-breaker is closed against a symmetrical current
equal to the rated short-circuit breaking current at an applied voltage as specified in 6.104.1
of IEC 60056 during the rated operating sequence. In this case, performance of a separate
closing operation Cssym against a symmetrical current equal to the rated short-circuit breaking
current according to 6.104.2 of IEC 60056 at an applied voltage, as specified in 6.104.1 of
IEC 60056, is required.

Methods 2i) and 2ii)

Method 2i) or 2ii) shall be used when the time constant of the test circuit is less than the
standard value used for the rated short-circuit breaking current according to 4.101.2 of
IEC 60056.
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Methods 2i) and 2ii) are subject to the same rules and requirements established for method
1i) and 1ii). Due to the smaller time constant of the test circuit with respect to the standard
values used for the rated short-circuit breaking current as defined by 4.101.2 of IEC 60056,
an additional separate closing operation Cdasy, with current peak equal to the rated short-
circuit making current shall be performed as a separate duty. This will require a higher r.m.s.
value of current.

NOTE  The current peak during the second closing in the complete rated operating sequence will be smaller than
the rated short-circuit making current due to the smaller value of the time constant.

Method 2ii) can be used as an alternative to method 2i) where the testing station is not able to
provide a test circuit such that the circuit-breaker closes against a symmetrical current equal
to the rated short-circuit breaking current at an applied voltage as specified in 6.104.1 of
IEC 60056 during the rated operating sequence. In this case, performance of an additional,
separate closing operation Cssym is required against a symmetrical current equal to the rated
short-circuit breaking current according to 6.104.2 of IEC 60056 at an applied voltage as
specified in 6.104.1 of IEC 60056.

Methods 3i) and 3ii)

Method 3i) or 3ii) shall be used when the time constant of the test circuit is greater than the
standard value used for the rated short-circuit breaking current according to 4.101.2 of
IEC 60056.

Methods 3i) and 3ii) are subject to the same rules and requirements established for
method 1i) and 1ii). Due to the larger time constant of the test circuit with respect to the
standard value used for the rated short-circuit breaking current according to 4.101.2 of
IEC 60056, the current peak during the asymmetrical closing Cdasy will be larger than the
rated short-circuit making current. Therefore, the closing operation may be controlled by use
of point-on-wave control to obtain the rated short-circuit making current. Performance of the
rated operating sequence with symmetrical current equal to the rated short-circuit breaking
current and closing against a fully asymmetrical current (or using point-on-wave control) is
subject to the consent of the manufacturer. In such a case, the rated operating sequence
need be performed only once. Alternatively, the rated operating sequence can be performed
with the first closing operation against a symmetrical current equal to the rated short-circuit
breaking current and the second closing operation at no load; in this case, evidence of the
ability of the circuit-breaker to perform the rated operating sequence will be demonstrated by
repeating the rated operating sequence, with relevant requirements, and a symmetrical
current smaller than the rated short-circuit breaking current in such a manner that the rated
short-circuit making current is obtained in the asymmetrical closing. During this repeated duty,
the closing operations may be performed at reduced voltage.

NOTE  Since the ability of the circuit-breaker to close against the rated short-circuit making current is proven
during the repeated duty, a separate closing operation against the rated short-circuit making current according to
6.104.2 is not required.

Method 3ii) can be used as an alternative to method 3i) where the testing station is not able to
provide a test circuit such that the circuit-breaker closes against a symmetrical current equal
to the rated short-circuit breaking current at an applied voltage as specified in 6.104.1 of
IEC 60056 during the rated operating sequence. In this case, performance of an additional,
separate, closing operation Cssym is required against a symmetrical current equal to the rated
short-circuit breaking current according to 6.104.2 of IEC 60056 at an applied voltage as
specified in 6.104.1 of IEC 60056.

During this test sequence, when repetition of the rated operating sequence is adopted,
maintenance is permitted before the repetition of the duty.
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6.106.5  Test-duty No. 5

On circuit-breakers having short arcing times three breaking operations shall be made
irrespective of the rated operating sequence.

NOTE  In order to ensure that the test circuit-breaker is correctly stressed and to establish the minimum arcing
time, an extra test may be made. For this test the setting of the control of the tripping impulse has to be as
prescribed for the first valid operation, i.e. in or even before the minor loop. The injection of the TRV has to be
applied after the minor loop. In this test the test circuit-breaker should reignite. It is important to establish that this
reignition has taken place between the arcing contacts only. This demonstrates the voltage withstand co-ordination
at dielectric reignitions.

During tests with asymmetrical current both di/dt and the TRV are modified due to the d.c.
component. In synthetic tests these modifications have to be pre-arranged by:

a) Control of the d.c. component of the current
The d.c. component may be controlled by selection of the point on the wave at which the
short-circuit is initiated.

b) Reduction of di/dt at current-zero
The reduction of di/dt may for current injection methods be obtained by reducing the
charging voltage of the voltage circuit.

The formula to be applied for the determination of the reduced charging voltage is:

�
�

�
�
�

�

��	

��

 f  2
    1   2

HSHA
ppUU

+ for major loop
– for minor loop

where:
UHA = reduced charging voltage at asymmetrical test
UHS = charging voltage for equivalent symmetrical test
p = the per unit value of the d.c. component at current zero

� = time constant according to IEC 60056 (45 ms).

p can be calculated from the asymmetry at contact separation pcs:

p = psc ��e – 
�

at

where:
ta = arcing time

c) Correction of TRV
1) Simplified method

For TRV's with time t2 not exceeding 500 �s, a simplified method can be used. This
method is based upon the supposition that the correction of TRV (u1, t1, uc, t2) is
proportional to the correction for di/dt.
This means that the correction of TRV is automatically covered by the reduced di/dt
according to b).

2) For TRV's with time t2 exceeding 500 �s other corrections and/or circuit modifications
have to be used. The required prospective TRV values are given in table II.
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d) Correction of recovery voltage
When a test is made for clearance at the end of a major loop the d.c. form of the reduced
recovery voltage will adequately cover the first quarter loop of the recovery voltage (of an
equivalent direct test).
For clearance at the end of a minor loop of current the d.c. form of the reduced recovery
voltage will not cover reference system conditions since in the system the power-
frequency recovery voltage continues to rise after the onset of the TRV.
Subject to agreement between testing station, manufacturer and user it may be
considered that taken together with the symmetrical test-duties the evidence is sufficient
to prove the performance of the circuit-breaker. An asymmetrical test with clearance after
a minor loop with reduced di/dt and the resulting reduced TRV is assumed to be less
severe than an equivalent symmetrical test. However, if it is required to prove fully this
test condition, there are three possibilities:
1) the test is performed with asymmetrical current conditions with the voltage source

charged as for the symmetrical test. It must be recognized that this represents a
considerable increase in severity above that of an equivalent direct test since both
di/dt and the TRV are higher;

2) the test is performed as under 1) except that the inductance of the injection circuit is
increased in inverse proportion to di/dt. In this case, the di/dt value is correct but the
TRV higher;

3) the test is performed with an a.c. recovery voltage.

6.109  Short-line fault tests

For short-line fault synthetic testing the parameters of the short-line circuit shall be those
given in IEC 60056 and the line circuit shall be in the current carrying circuit during the whole
interaction interval.

With current injection circuits the short-line circuit may be connected in series with the voltage
circuit, its inductance becoming part of Lh, e.g. as shown in figure BB.1.

The presence of the short-line fault circuit in the voltage circuit may cause oscillations to be
superimposed on the injected current wave. These oscillations should be damped out (to
satisfy the requirements of 4.2.1d), so as not to affect the current during the interval of
significant change of arc-voltage or at least 100 �s before current-zero.

A resistance may be connected in series with the TRV shaping circuit. In most cases this
resistance, selected to control the initial rate of rise of recovery voltage, is sufficient to supply
the necessary damping.

NOTE  If, for short line fault tests, the line is connected to the same side of the test circuit-breaker as the voltage
circuit impedance, special attention should be given to voltage distribution and measurement of prospective TRV.

6.111  Synthetic methods for capacitive-current switching

See annex GG.
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Table I – Synthetic test sequence for test-duties 1, 2, 3, 4 and 5

Rated operating sequence

Test-duty No. Synthetic test O – t – CO – t' – CO
t = 0,3 s or 3 min
t' = 3 min

CO – t" – CO
t" = 15 s

1, 2, 3 Breaking
operations e

i) Os – t – Os – t' – Os Os – t" – Os

ii) Os
Od – t – Os – t' – Os

Os
Od – t" – Os

4d Complete rated
operating sequence

Os – t – CsOs – t' – CsOs CsOs – t" – CsOs

i) Os
Od – t – CssymOs – t' – CdasyOs

Os
CssymOd – t" – CdasyOs

Method 1
(time constant of
the d.c.
component of the
test circuit equal
to the standard
value)

ii) Cssym
Os
Od – t – CdsymOs – t' – CdasyOs

Cssym
Os
CdsymOd – t" – CdasyOs

i) Cdasya

Os
Od – t – CssymOs – t' – CdasyOs

Cdasya

Os
CssymOd – t" – CdasyOs

Method 2
(time constant of
the d.c.
component of the
test circuit less
than the standard
value)

ii) Cdasya

Cssym
Os
Od – t – CdsymOs – t' – CdasyOs

Cdasya 
Cssym
Os
CdsymOd – t" – CdasyOs

i) Os
Od – t – CssymOs – t' – (Cdasyb)Os
Od – t – CdsymOs – t' – CdasyOsc

Os
CssymOd – t" – (Cdasyb)Os
CdsymOd – t" – CdasyOsc

Method 3
(time constant of
the d.c.
component of the
test circuit greater
than the standard
value)

ii) Cssym
Os
Od – t – CdsymOs – t' – (Cdasyb)Os
Od – t – CdsymOs – t' – CdasyOsc

Cssym
Os
CdsymOd – t" – (Cdasyb)Os
CdsymOd – t"CdasyOsc

5 Breaking operations e Os
Os
Os

a The r.m.s value of the current for this operation is higher than the rated short-circuit breaking current to obtain
the required short-circuit making current peak.

b The peak value of the current for this operation may be higher than the rated short-circuit making current
depending on whether the closing operation is controlled by use of point on wave control or not (see methods 3i)
and 3ii)).

c The r.m.s value of the current for this sequence is less than the rated short-circuit breaking current to obtain the
required short-circuit making current peak.

d For convenience of testing, it is permissible to exchange the order of Csym and Casy during the rated operating
sequence in test-duty No. 4.

e For convenience of testing, it is permissible to introduce a closing operation before any opening operations in
test-duties 1, 2, 3 and 5.
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