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ABSTRACT

The invention relates to an apparatus (30) of an energy system
which has inputs (39) that can be connected in a conductive
manner to at least one current transformer (20, 28, 29) and
at least one voltage transformer (10, 18, 19). A testing device
(40) is designed to apply a first test signal (71) to a secondary
side of a voltage transformer (10) and, at the same, to
apply a second test signal to a primary side of a current

transformer (20).
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Method and testing device for testing wiring of

transformers
FIELD OF THE INVENTION

Exemplary embodiments of the invention relate to
apparatuses and methods for testing devices of
electrical energy systems, such as apparatuses and
methods for testing a protective device, e.qg. a
protective relay, for example. Exemplary embodiments of
the invention relate particularly to such apparatuses
and methods as can be used to check whether one or more
current transformers and one or nore voltage
transformers of a protective device or of another
secondary device are correctly installed and connected

and/or whether there are polarity errors.
BACKGROUND

Protective devices are important components of
electrical energy systems. Such protective devices may
be set up to allow rapid isoiation in the event of a
fault. Particularly in the medium-voltage, high-voltage
and maximum-voltage spheres, these protective devices
can comprise current and voltage transformers that
transform the currents and voltages of the primary

system to low voltages that are easier to handle.

An example of such protective devices is a protective
relay, which performs the evaluation of whether there
is a fault and what the nature of this fault 1is, in
order to make a decision regarding whether, how quickly
and/or in which phases it 1s necessary for switch-off
to take place. The actual isolation can be carried out
by circuit breakers, for example self-blowing switches,
other encapsulated circuit breakers or unencapsulated
circuit breakers that are controlled by the protective

relay or another protective device.
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An important decision in regard to the installation and
manner of operation of such a protective device is what
is  known as the forward/backward decision. This
stipulates in which of two directions the protective
device isolates more rapidly. By way of example,
isolation can take place more rapidly in the event of a
fault in a first line section, e.g. an overhead line,
than in the event of a fault in a second line sectiocon
situated on the opposite side of the protective device

and ending directly at a transformer substation.

A fault that is “upstream” of the protective device can
be isolated more quickly than a fault that is
“downstream” of the protective device, since isolating
a fault that 1s downstream of the area under
consideration would have no meaningful effect. The
forward/backward decision 1is wused to stipulate the
direction 1n which the protective device looks to a
certain extent, 1.e. the direction of the line section
for which more rapid isoclation in the event of a fault

takes place on fault detection.

By way of example, a line protection relay can look
forward onto an overhead line. The 1line protection
relay could have a transformer substation downstream of
it. If the fault were to be close by upstream of the
line protection relay, that is to say on the overhead
line, the line protection relay would have to isolate
as guickly as possible. TIf the fault were to be
downstream of the line protection relay, that is to say
in the transformer substation, e.g. in a transformer or
on a busbar, however, isclation would have only little
effect, since the transformer substation is served by
many signal sources. To protect the parts of the plant,
it 1is possible to use other protective relays, for
example a transformer differential or a busbar

protection system.
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The direction decision that indicates the direction in
which the ©protective device isolates quickly 1is
particularly important to the manner of operation. If,
by way of example, the line protection relay already
described above is installed such that it switches off
for the wrong direction, the protective device would
not isolate in the event of a fault on the overhead
line. An incorrect direction decision, which can be
caused by incorrect installation or incorrect wiring,
can have fatal consequences for the whole electrical

system.

A direction decision by the protective device can be
made correctly only if the current transformers and the
voltage transformers to the protective relay are

correctly wired up and set.

There are numerous sources of error that can lead to a
wrong direction decision. By way of example, in the
case of a current transformer, an incorrect direction
of installation of the current transformer, a polarity
error in the current transformer, wrong connection of
the current transformer on a secondary side,
transposition of the twc lines between the current
transformer and a protective relay, wrong connection of
the lines to the protective relay or a wrongly selected
direction of installation of the current transformer in
the protective relay can lead to a protective device
unintentionally looking in the wrong direction, 1i.e.
not isolating quickly enough in the event of faults in

a line section.

Alternatively or additionally, a wrong direction
decision can also be caused by wrong installation of a
voltage transformer. This can happen 1f the secondary

wiring of the voltage transformer on the path from the
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voltage transformer to the relay is transposed, for

example.

Direction decisions are relevant not only to protective
devices but also to other devices of electrical energy
systems. By way of example, the direction of a flow of
energy 1s relevant to displays in a control room. Not
only is the absolute value of the energy important, but
also the direction of the flow of energy is significant
to the manner of operation. Similarly, direction
decisions also exist for meters, to which the direction

of the flow of energy is relevant.

Wrong installation, wrong wiring or a wrongly selected
direction of installation of transformers 1in the
secondary device that processes the output signals of

the transformers further can lead to polarity errors.

Protective devices such as protective relays, meters,
displays in the control room and similar devices fed by
current and voltage transformers are also referred to
generally as secondary devices here, which receive
parameters of the primary system that are transformed

by means of the transformers.

To test parts of the wiring of such secondary devices,
it is possible for a current to be supplied on a
primary side of a «current transformer and for the
polarity of the wiring to be read off on the secondary
side of the current transformer using a microampere
meter or another measuring device, for example. Such
techniques make high demands on the testing personnel,
can lead to undesirable magnetization of a transformer
core of the current transformer and cannot identify
numerous sources of error, for example wrong connection

of the current transformer to a protective relay.
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Alternatively, an AC signal can be impressed into the
current transformer. A polarity detector attuned to the
AC signal can be used to check the polarity on the
secondary side of the current transformer alecng the
wiring and also at the protective relay itself. These
methods also make relatively high demands on the
testing personnel and cannct detect incorrect instances

of wiring of the voltage transformer, for example.
Furthermore, the cited methods are time consuming.
SUMMARY OF THE INVENTION

In wview of the cited disadvantages of conventional
methods, there 1is a need for apparatuses and methods
that allow the dependability of energy engineering
devices to be increased further. There is particularly
a need for apparatuses and methods that allow incorrect
installation, transposition of secondary-side wires
and/or incorrect connection of current or voltage

transformers to be detected in a simple manner.

In view of the cited disadvantages of conventional
methods, it would be particularly desirable to check
the wiring between current and voltage transformers and
a protective relay or another device of the secondary
system for all possible polarity errcors and to rule out
all possible sources of error with a single test, which

may comprise one or more steps.

According to exemplary embodiments, methods,
apparatuses and systems are specified that can be used
to detect polarity errors that can exist when current
and voltage transformers are wused for protective
devices such as protective relays, for energy meters,

for displays in a control room or for other devices of

energy systems.
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According to exemplary embodiments, a first test signal
is applied to a secondary side of a voltage transformer
that 1is connected to a protective device or another
device of the secondary system and at the same time a
second test signal is impressed into a primary side of
a current transformer that 1s <connected to the
protective device or the other device of the secondary
system. A response by the device to the first test
signal and the second test signal can be monitored and
compared with a simulated, for example a

computationally predicted, response.

According to exemplary embodiments, the response of the
device may Dbe a power that 1is recorded by the
protective device or another device of the secondary
system. An arithmetic sign and optionally also an
absolute value of the recorded power can be compared
with the computationally ascertained power that is
expected for the phase angles of the first and second

test signals and opticnally the amplitudes thereof.

The power that 1s recorded and/or computationally
ascertained as a response may be or comprise an active
power. Alternatively or additionally, the power that is
recorded and/or computationally ascertained as a

response may be or comprise a reactive power.

Alternatively or additionally, the response evaluated
may be a current amplitude, a voltage amplitude and a
phase angle between current and voltage that are

recorded and optionally displayed by the device.

A method for testing wiring of at least one current
transformer and at least one voltage transformer of a
device of an electrical energy system is provided
according to one exemplary embodiment. The method
comprises applying a first test signal to a secondary

side of a voltage transformer of the device and
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impressing a second test signal into a primary side of

a current transformer of the device, wherein the first

test signal and the second test signal are generated at

the same time, and evaluating a response of the device

of the electrical energy system to the first test

signal and the second test signal.

The method obtains a response from the device, for
example in the case of a protective relay or a display
in the control room. Since there are distinctly more
sources of error for polarity errors in the case of a
current transformer than in the case of a voltage
transformer, the supply of current to the current
transformer 1is, according to exemplary embodiments,
performed on the primary side. This allows the
direction of installation and the polarity of the
current transformer and also the secondary connection

terminals to be checked together in the same step.

The first test signal and the second test signal can
advantageously be provided to a current transformer and
to the secondary wiring of a voltage transformer that
are connected to the same phase at the same time. The
generation of test signals and the subseqguent
evaluation of a response to the test signals can be
repeated for the current transformers and voltage
transformers of the other phases so as also to be able

to rule out wiring errors on the other phases.

The method can comprise evaluating a response of the
device to the first test signal and the second test

signal.

To evaluate the response of the device, an expected
response can be simulated from an amplitude of the
first test signal, an amplitude of the second test

signal and a phase relationship between the first test
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signal and the second test signal. The expected

response may additionally depend on a transformation

ratio of the current transformer.

CA 2989733 2019-04-05 . .
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The expected response can be automatically ascertained
by a testing apparatus and compared with the response
of the device, which can be recorded by the testing

apparatus or a user.

The response of the device can comprise a power
recorded by the device. In this case, it is at any rate
possible for an arithmetic sign of the recorded power
and optionally also the absolute value of the recorded
power to be evaluated to determine whether they match
the arithmetic sign and/or the corresponding absolute
value of the power that are expected for the first test

signal and the second test signal.

The first test signal may be an AC voltage. The first
test signal can be generated by a first signal source
that may be integrated in a tester. The first signal

source may be a controllable voltage source.

The second test signal may be an alternating current.
The second test signal can be generated by a second
signal source that may be integrated in the tester. The
second signal source may be a controllable current

source.

The first test signal and the second test signal may be
in phase. In this case, wiring that has no polarity
errors should result in a power display in the forward
direction at the protective relay, in the meter or in
the control room. From a power display with the inverse
arithmetic sign, it is possible to infer the presence
of a polarity error in the wiring, wrong installation
of the current transformer or a wrongly selected
direction of installation of the current transformer at

the protective relay or in the control rcom.
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The first test signal can be applied to the secondary

side of the voltage transformer that is associated with

a first phase of multiple phases. The second test

signal can be impressed into the primary side of the

current transformer that 1is associated with the first

phase.

The test on the wiring of the transformers of different
phases can take place with sequential timing or 1in
overlapping fashion. For a check with sequential
timing, the generation of the first test signal and the
second test signal can be repeated, the first test
signal belng impressed on the secondary side of a
voltage transformer and the second test signal being
impressed on The primary side of the current

transformer of the same phase in each case.

The method can comprise generating at least one further
test signal for at least one further transformer that
is associated with a further phase, which is different

than the first phase, of a polyphase line.

The at least one further test signal can be generated
at the same time as the first test signal and the
second test signal. As a result, the test on the wiring
of the transformers of different phases can be carried

out at overlapping times at least to some extent.

The first test signal and at least one further AC
voltage signal can be applied to the secondary side of
at least two voltage transformers of the device that
are associated with different phases at the same time.
As a result, the test on the wiring of the transformers
of different phases can be carried out at overlapping

times at least to some extent.

The first test signal and the at least one further AC

voltage signal can have different amplitudes. As a
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result, the test on the wiring of transformers of

different phases at the same time is facilitated, since

an association with the different phases is possible on

the basis of the amplitudes of the recorded power.

The second test signal and at least one further AC
current signal can be applied to the primary side of at
least two current transformers of the device that are
associated with different phases at the same time. As a
result, the test on the wiring of the transformers of
different phases can be carried out at overlapping

times at least to some extent.

The second test signal and the at least one further AC
current signal can have different amplitudes. As a
result, the test on the wiring of transformers of
different phases at the same time is facilitated, since
an association with the different phases is possible on

the basis of the amplitudes of the recorded power.

Test signals can be impressed into the primary side of
three current transformers and test signals can be
impressed into the secondary side of three voltage
transformers of the device at the same time. The test
signals, which are associated with different phases,
can each have different amplitudes in this case, in
order to be able to identify a transposition of
connections at the protective relay, for example. The
test signals associated with different phases can each

have a phase shift of 120° relative to one another.

The at least one voltage transformer can be
disconnected on the secondary side for the test while
the first test signal is applied to the secondary side.
This prevents step-up transformation of the voltage,
which would firstly result in an increased power
requirement and would secondly be a safety risk in the

energy plant.
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The method can be used to check the wiring of multiple
current and voltage transformers that are connected to

a protective relay.

The method can be wused to check whether multiple
current and voltage transformers have been installed
and wired up such that a protective relay isolates more
quickly in the event of a fault that occurs on a
prescribed first side relative to the protective relay
than in the event of a fault that occurs on a second
side, which is opposite from the first side, relative

to the protective relay.

The method can be wused to check whether multiple
current transformers and their connections to a
secondary device, for example a protective relay, have

the correct polarity.

The multiple current and voltage transformers can
connect a primary system, which may be a medium-voltage
or high-voltage system, to the device, which may be
part of the secondary system, in which there are lower
voltages. The multiple current and voltage transformers
may be set up to provide the device of the secondary
system, during operation, with voltages that are
smaller than the vcltages of the primary system that
have the input sides of the current transformers and

the voltage transformers connected to them.

A testing apparatus for testing wiring of at least one
current transformer and at least one voltage
transformer of a device of an electrical energy system
is specified according to a further exemplary
embodiment. The testing apparatus comprises a first
output for applying a first test signal to a secondary
side of a voltage transformer of the device and a

second output for impressing a second test signal into
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a primary side of a current transformer of the device,
wherein the testing apparatus is set up to generate the
first test signal applied to the secondary side of the
voltage transformer and the second test signal
impressed into the primary side of the current
transformer at the same time, and wherein the testing
apparatus is set up to evaluate a response of the
device of the electrical energy system to the first

test signal and the second test signal.

The testing apparatus can comprise an electronic
computation device that 1is set up to computationally
ascertain an expected response of the device to the
first test signal and the second test signal from an
amplitude of the first test signal, an amplitude of the
second test signal and a phase relationship between the

first test signal and the second test signal.

The electronic computation device may be set up to
ascertain at least one arithmetic sign of a power
recorded by the device as a response to the first test

signal and the second test signal.

The electronic computation device may be set up to
ascertain an absolute value of a power recorded by the
device as a response to the first test signal and the

second test signal.

The testing apparatus can comprise an output interface
for outputting the computationally ascertained expected
response. By way of example, it is possible to output
which arithmetic sign a power ascertained by the
device, which power i1s displayed in a control room, for
example, will have if there are no wiring errors or
other polarity errors. Depending on a comparison of the
arithmetic sign of the power that is ascertained by the

device with the power arithmetic sign expected for the
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test signals, 1t is possible to determine whether there

is a wiring error or polarity error.

1 CA 2989733 2019-04-05
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The testing apparatus can comprise an input interface
for receiving the response of the device. By way of
example, the testing apparatus may be set up to use the
input interface to receive an arithmetic sign and
optionally also an absolute value of a power
ascertained by the device as a response to the first
and the second test signal. The testing apparatus may
be set up to evaluate the response of the device,
received wvia the input interface, to the first test
signal and the second test signal. To this end, the
testing apparatus may be set up to ascertain whether
the received response has an arithmetic sign and
optionally an absolute wvalue that is consistent with
the response expected for the first and second test
signals. The input interface may be or comprise a user
interface that the user can use to input information

about the response of the device.

If the testing apparatus 1s set up to test the wiring
of current and voltage transformers of multiple phases,
the output interface can be used to output more than
one expected response. By way of example, the
arithmetic signs and optionally also the absolute
values can be output by multiple power displays of a
control room that are expected as a response to the

test signals for multiple phases.

If the testing apparatus is set up to test the wiring
of current and voltage transformers of multiple phases,
the input interface can be used to receive more than
one response. By way of example, the arithmetic signs
and optionally also the absolute values can be received
by multiple power displays of a control room that are
expected as a response to the test signals for multiple
phases, and can be evaluated further by the testing
apparatus.
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The testing apparatus «can comprise one or more

controllable signal sources in order to generate the

first test signal and the second test signal.

The signal sources may be controllable such that they
are selectively operable as a current source and as a

voltage source.

The testing apparatus can comprise a controllable

voltage source for generating the first test signal.

The testing apparatus <can comprise a controllable

current source for generating the second test signal.

The testing apparatus may be set up to apply the first
test signal and at least one further AC voltage signal
to the secondary side of at least two voltage
transformers of the device that are associated with

different phases at the same time.

The testing apparatus may be set up to generate the
first test signal and the at least one further AC
voltage signal such that they have different
amplitudes.

The testing apparatus may be set up to 1mpress the
second test signal and at least one further AC current
signal into the primary side of at least two current
transformers of the device that are associated with

different phases at the same time.

The testing apparatus may be set up to generate the
second test signal and the at least one further AC

current signal such that they have different

amplitudes.

The testing apparatus may be configured as a tester.
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The tester may be a mobile, in particular a portable,

tester.

The testing apparatus may be set up to perform the
method according to any of the described exemplary
embodiments.

A  system according to one exemplary embodiment
comprises a device that has at least one current
transformer and at least one voltage transformer, and a
testing apparatus according to an exemplary embodiment
that 1is connected to the secondary side of a voltage
transformer and to the primary side of a current

transformer.

The device may be a device for a secondary system,
which device is coupled to the primary system via the
at least one current transformer and the at least one

voltage transformer.

The device can comprise a protective relay, & power
display of a control room, an energy meter or another

device.

Tf{ the device comprises a protective relay, the testing
apparatus may be able to be used to ascertain whether
all fthe current transformers and all the voltage
transformers are installed and wired up such that the
protective relay isolates more quickly in the event of
a fault that occurs in a prescribed direction relative
to the protective relay than in the event of a fault
that occurs in the opposite direction relative to the

protective relay.

If the device comprises a power display of a control
room, the testing apparatus may be able to be used to
ascertain whether all the current transformers and all

the voltage transformers are installed and wired up
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such that the power for each phase is ascertained with

the correct arithmetic sign in each case.

If the device comprises an energy meter, the testing
apparatus may be able to be used to ascertain whether
all the current transformers and all the voltage
transformers are installed and wired up such that the
direction of the flow of energy 1s ascertained

correctly by the energy meter.

In the case of apparatuses, systems and methods
according to exemplary embodiments, at least the second
test signal supplied to the primary side of the current
transformer can be generated with an amplitude and/or
frequency that is wvariable on the basis of time. In
this way, the risk of magnetization of the transformer
core of the current transformer can be reduced and/or
the transformer core can be demagnetized. If the
frequency of the second test signal is altered on the
basis of time, the frequency of the first test signal
can also be altered accordingly in order to make
certain that the first test signal applied to the
secondary side of the vwvoltage transformer and the
second test signal impressed on the primary side of the

current transformer of the same phase are in phase.

Apparatuses, methods and systems according to exemplary
embodiments allow the wiring and other ©possible
polarity error sources that can exist between current
and voltage transformers and a device of a secondary
system to be efficiently checked. The risk of polarity
errors existing that can impair the operability of the

electrical energy system can be reduced.
BRIEF DESCRIPTION OF THE FIGURES

The invention is explained in more detail below using

preferred embodiments with reference to the drawings.
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In the drawings, identical reference symbols denote

identical elements.

Figure 1 shows a system with an apparatus according to
an exemplary embodiment.

Figure 2 shows a system with an apparatus according to

an exemplary embodiment.

Figure 3 shows a system with an apparatus according to

an exemplary embodiment.

Figure 4 shows a system with an apparatus according to

an exemplary embodiment.

Figure 5 shows a system with an apparatus according to

an exemplary embodiment.

Figure 6 shows AC voltage signals that can be generated
by apparatuses and methods according to exemplary
embodiments for testing multiple phases at the same

time.

Figure 7 shows a flowchart for a method according to an

exemplary embodiment.

Figure 8 shows a flowchart for a method according to an

exemplary embodiment.

Figure 9 shows a flowchart for a method according to an

exemplary embodiment.

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS

The present invention is explained in more detail below
using preferred embodiments with reference to the
drawings. In the figures, like reference symbols denote

like or similar elements. The figures are schematic
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depictions of various embodiments of the invention.
Elements depicted in the figures are not necessarily
depicted to scale. Rather, the wvarious elements
depicted in the figures are reproduced such that their
function and purpose become comprehensible to a person
skilled in the art.

Connections and couplings depicted in the figures
between functional units and elements can also be
implemented as 1indirect <connection or coupling. A
connection or coupling may be implemented in wired or

wireless form.

While exemplary embodiments are described within the
context of current transformers and voltage
transformers whose output is connected to a protective
device, for example a protective relay, the methods and
apparatuses can also be used for other devices,
particularly from secondary engineering for electrical
energy systems, in which the correct polarity of the
installation and the connection  between current
transformers and the device and also the correct
polarity of the connection between voltage transformers
and the device are significant for correct operation.
Examples of such devices are meters, other measuring
devices and power displays, for example a power display

of a control rocom.

Apparatuses and methods are described below that can be
used to check that the connection between current
transformers and a protective device or another device
of the secondary system and the connection between
voltage transformers and the protective device or the
other device of the secondary system is correct and has
no wiring errors, 1i.e. no transposition of the
connecting 1lines. Other polarity errors, for example
installation of one or more current transformers with

the wrong polarity or a wrongly selected polarity of
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the current transformer in the control room or in the

protective relay, can likewise be identified.

For testing, a first test signal 1is provided on a
secondary side of a voltage transformer and a second
test signal 1s provided in a primary side of a current
transformer at the same time. The first test signal can
be applied to the secondary wiring between the voltage
transformer and the secondary device without needing to
be applied to both output connections of the voltage
transformer. Applying the first test signal “to the
secondary side of the voltage transformer” is
understood to mean a process in which the first test
signal 1is applied to the wiring between the voltage

transformer and the device.

A response of the protective device, for example an
arithmetic sign and optionally an absolute value of a
power, which may be an active power or a reactive
power, ascertained by the protective device as a
reaction to the first test signal and the second test
signal, can be evaluated in order to check whether both
the current transformer and the voltage transformer are
installed and wired up such that there are no polarity
errors. The response of the protective device can be
compared with a computationally ascertained response,
for example with an arithmetic sign, computationally
ascertained by a testing apparatus, for the power that
should be recorded by the protective device, in order
to ascertain whether there are wiring errors, where the
lines have been transposed, or other polarity errors.
Alternatively or additionally, the response evaluated
may be a current amplitude, a voltage amplitude and a
rhase angle Dbetween current and voltage that are

recorded and optionally displayed by the device.

The test can be performed sequentially or at the same

time for current and voltage transformers that are
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associated with different phases, e.g. three phases of

a three-phase line, as described in even more detail.

The current and voltage transformers each have a
primary side and a secondary side. In this case, the
primary side is respectively defined as that side that
is connected to the primary system, for example the
medium-voltage, high-voltage or maximum-vcltage system.
The secondary side is respectively defined as that side
that is connected to a device of the secondary system,
for example a protective device, a control room or a
meter. The secondary side of each transformer may be

DC-isolated from the primary side in each case.

Figure 1 shows a system 1 according to an exemplary
embodiment. The system 1 comprises a protective device
30 in a secondary system of the electrical energy
system. The protective device 30 can have inputs 39
that are conductively connected to a voltage
transformer or multiple voltage transformers 10, 18, 19
and to a current transformer or multiple current
transformers 20, 28, 29 by means of wiring 9. Even if
only one 1line 1is schematically depicted in each case,
it goes without saying that the outputs of the
transformers may be connected to the inputs 39 of the

protective device 30 by two lines in each case.

The protective device 30 can comprise a protective
relay. The protective device 30 may be set up to
process the output signals of the at least one voltage
transformer 10, 18, 19 and the at least one current
transformer 20, 28, 29 further in order to detect
faults, to monitor a flow of energy or for other

purposes.

By way of example, the protective device 30 can
comprise one or more circuits 34, 35, 36, that are set

up to ascertain a power flowing in the primary system
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from the output signals of the at least one voltage
transformer 10, 18, 19 and the at 1least one current
transformer 20, 28, 29. The protective device 30 can
comprise one or more circuits 34, 35, 36 that are set
up to ascertain from the output signals of the at least
one voltage transformer 10, 18, 19 and the at least one
current transformer 20, 28, 29 whether a «circuit
breaker 37 1is intended to be actuated such that
isolation is effected. The circuit breaker 37 can be
actuated by a protective relay in different ways,
depending on whether a fault is detected on a first
side 8 or on a second side 7, opposite therefrom,
relative to the point at which the protective device 30
is coupled to the primary system via the transformers.
The testing apparatus 40 according to exemplary
embodiments can be used to check whether the wiring 9
and the polarity of the current transformers 20, 28, 29
is chosen such that faster isolation is effected in the
event of a fault that is present on a predefined first
side 8 relative to the protective device 30. By way of
example, the first side 8 may be the side on which an
overhead line is on hand, while the second side 7 1is
the side on which, at a short distance, a transformer
substation 2 is situated whose transformer(s) 3 are fed
by one or more power stations. The polarity decision of
the protective device 30, which stipulates in which of
the two directions more rapid isolation is effected in
the event of a fault, can be checked using the testing
apparatus 40.

The protective device 30 can comprise one o©r more
displays 31, 32, 33 that display a power in the primary
system, The power can be displayed with positive or
negative arithmetic sign depending on the direction in
which a flow of energy takes place in the primary
system. The direction decision of the power
measurement, which indicates the direction in which the

flow of power in the primary system is recorded as
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positive power, 1s dependent on the correct wiring 9
and the correct installation of the current
transformers 20, 28, 29. This direction decision for
the power recording, which stipulates in which of the
two directions a flow of energy in the primary system
is recorded as positive power, can be checked using the
testing apparatus 40. This likewise applies when the
power recording is effected independently of a
protective device 30, for example on a display in a

control room.

Instead of or in addition to the protective device 30,
it is also possible for a meter to be coupled to
outputs of the transformers. A recorded flow of energy
can be metered with a positive or negative arithmetic
sign depending on the direction in which the flow of
energy takes place in the primary system. The direction
decision for the meter, which indicates the direction
in which the flow of enexrgy in the primary system leads
to an incrementation of the recorded energy, 1is
dependent on the correct wiring 9 and the correct
installation of the current transformers 20, 28, 29.
This direction decision for the meter, which stipulates
in which of the two directions a flow of energy in the
primary system leads to an increase in the metered

energy, can be checked using the testing apparatus 40.

The testing apparatus 40 1is set up to provide AC
signals to the secondary side of a voltage transformer
and the primary side of the current transformer that 1is
associated with the same ©phase as the voltage

transformer at the same time.

The testing apparatus 40 has a first output for
connection to the secondary side of a voltage
transformer 10 that is associated with a phase 4. The
testing apparatus can have a first signal source 41 in

order to apply a first test signal via the first output
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to the secondary side of the voltage transformer 10
that is associated with the phase 4. The first signal
source 41 may be an AC voltage socurce. The first signal
source 41 may Dbe controllable such that it can be
operated either as a voltage source or as a current
source. The first test signal may be an AC voltage
signal.

The testing apparatus 40 has a second output for
connection to the secondary side o0f a current
transformer 20 that is associated with the phase 4. The
testing apparatus can have a second signal source 42 in
order to supply a second test signal via the second
output to the primary side of the current transformer
20 that 1is associated with the phase 4. The second
signal source 42 may be an AC current source. The
second signal source 42 may be controllable such that
it can be operated either as a voltage source or as a

current source.

The first signal source 41 and the second signal source
42 may be in the form of separate units. Alternatively,
an output signal of the same signal source can be
supplied wvia different circuits both to the secondary
side of the voltage transformer 10 and to the primary
side of the current transformer 20 of the same phase 4.
The first signal source 41 and the second signal source
42 may be arranged in a housing of a tester or can be

arranged in separate housings.

The testing apparatus 40 may be set up to carry out a
test, 1in which a first test signal is applied to the
secondary side of a voltage transformer and a second
test signal is applied to the primary side of the
current transformer of the same phase, at sequential
times for the multiple phases 4, 5, 6. The testing
apparatus 40 can comprise connections that are set up

to connect the testing apparatus 40 to the primary
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sides of multiple current transformers 20, 28, 29 that

are associated with different phases 4, 5, 6 and to the

secondary sides of multiple voltage transformers 10,

18, 19 that are associated with different phases 4, 5,

6 at the same time.

The testing apparatus 40 can comprise an electrically
controllable arrangement of switches that is set up to
connect the first signal source 41 to the secondary
side of different voltage transformers 10, 18, 19
without this requiring rewiring to be performed between
the testing apparatus 40 and the voltage transformers
10, 18, 19. The testing apparatus 40 can comprise an
electrically controllable arrangement of switches that
is set up to connect the second signal source 42 to the
primary side of different current transformers 20, 28,
29 without this requiring rewiring to be performed
between the testing apparatus 40 and the current

transformers 20, 28, 29.

Alternatively or additionally, the testing apparatus 40
may be set up to apply AC voltage signals of the same
or different amplitude to the secondary sides of at
least two voltage transformers 10, 18, 19 at the same
time and to apply AC current signals of the same or
different amplitude to the primary sides of at least

two current transformers 20, 28, 29 at the same time.

By way of example, a first AC voltage signal can be
applied to the secondary side of a voltage transformer
10 that 1is associated with a first phase 4 while a
second AC wvoltage signal is applied to the secondary
side of a further voltage transformer 18, 19 that 1is
associated with a further phase 5, 6 that is different
than the first phase 4. At the same time, a first AC
current signal can be supplied to the primary side of a
current transformer 10 that is associated with the

first phase 4 while a second AC current signal is
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supplied to the primary side of a further current

transformer 18, 19 that is associated with the further

phase 5, 6 that is different than the first phase 4.

The first AC voltage signal is an implementation of the

first test signal, and the first AC current signal 1is

an implementation of the second test signal.

The second AC voltage signal can have a different
amplitude than the first AC voltage signal.
Alternatively or additionally, the second AC current
signal can have a different amplitude than the first AC
current signal. The testing apparatus 40 may be set up
such that a product of the amplitude of the first AC
voltage signal and the amplitude of the first AC
current signal is different than a product of the
amplitude of the second AC voltage signal and the

amplitude of the second AC current signal.

The testing apparatus 40 may be set up such that the
first AC voltage signal and the second AC voltage
signal have a first phase shift relative to one
another. The testing apparatus 40 may be set up such
that the first AC current signal and the second AC
current signal have a second phase shift relative to
one another. The testing apparatus 40 may be set up
such that the second phase shift is the same as the
first phase shift. The testing apparatus 40 may be set
up such that the first and second phase shifts are both
equal to +120° or both equal to -120°.

The testing apparatus 40 may be set up to simulate a
response of the protective device 30 or of the other
device of the secondary system to the first test signal
and the second test signal. To this end, by way of
example, the testing apparatus 40 can ascertain what
power should be recorded by the protective device 30.
The testing apparatus 40 may be set up to ascertain at

least one arithmetic sign of a power recorded by the
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protective device 30 depending on the phase angle
between the first test signal, which is applied to the
secondary side of the voltage transformer 10, and the
second test signal, which is supplied to the primary
side of the current transformer 20 associated with the
same phase 4. The testing apparatus 40 may be set up to
ascertain, depending on the phase angle between the
first test signal, which is applied to the secondary
side of the voltage transformer 10, and the second test
signal, which is supplied to the primary side of the
current transformer 20 associated with the same phase
4, whether the protective relay should switch off the
circuit breaker 37 more rapidly or less rapidly, i.e.
whether the protective relay associlates the first test
signal and the second test signal with a fault on the
first side 8 or on the opposite second side 7 relative

to the protective relay 30.

The testing apparatus 40 may be set up to take into
consideration the amplitudes of the first and second
test signals and optiocnally also parameters of at least
the voltage transformer 10 for the computational
ascertainment of the expected response of the
protective device 30. By way of example, it is possible
to ascertain what absolute value the power recorded by
the protective device 30 should have from the product
of the amplitudes of the first and second test signals
and the transformation ratio of the voltage transformer
10. The transformation ratio of the voltage transformer
10 may be inputtable in user-defined fashion wvia an
interface of the testing apparatus 40 and/or may be
stored 1in nonvolatile fashion in a memory of the

testing apparatus 40 for each of multiple voltage
transformers.

A comparison of the expected response, computationally
ascertained by the testing apparatus 40, and the actual

response of the protective device 30 can be effected
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automatically by the testing apparatus 40. To this end,
the testing apparatus 40 can have an interface for
connection to the protective device 30, wvia which the
response of the protective device 30 to the first test
signal and the second test signal can be read. The
comparison of the expected response, computationally
ascertained by the testing apparatus 40, and the actual
response of the protective device 30 can also be

effected by a user.

Each voltage transformer to whose secondary side the
first test signal is applied can be disconnected on the
respective secondary side during the test. This allows

the total power required for the test to be kept down.

The manner of operation and further features of the
testing apparatus 40 according to exemplary embodiments
are described further with reference to figure 2 to

figure 9.

Figure 2 is a depiction of a system 1 acceording to an
exemplary embodiment. A voltage transformer 10 and a
current transformer 20 have their input sides coupled
to the same phase, for example a prescribed phase 4 of

a three-phase line.

Output connections 13, 14 on the secondary side of the
voltage transformer 10 are connected to inputs of a
secondary device 30 via lines 15. An input connection
11 of the voltage transformer 10 may be connected to
the phase 4. The voltage transformer 10 furthermore has

an input-side ground connection 12.

Output connections 23, 24 on the secondary side of the
current transformer 20 are connected to further inputs
of the seccndary device 30 via further lines 25. Input
connections 21, 22 of the voltage transformer 20 may be

connected to the same phase 4 to which the input
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connection 11 of the voltage transformer 10 is also

connected.

The secondary device 30 is a device of the secondary
system of an electrical energy system. The secondary
device can comprise a control system display, a
protective relay or a measuring device (meter), for
example. A display 31 of the secondary device 30 can

display a power recorded by the secondary device 30.

The testing apparatus has a voltage source 41 that is
connectable to the secondary wiring 15 of the voltage
transformer 10 in order to supply a first test signal
to the secondary side of the voltage transformer 10.
The voltage transformer 10 may be disconnected on the
secondary side 13 during the test, so that the first
test signal 41 is not applied between the output
connections 13, 14 of the voltage transformer 10, but
rather only the wiring as far as the secondary device
30 is checked.

The testing apparatus 40 has a current source 42 that
is connectable to the primary side of the current
transformer 20. The current source 42 may be set up for
a connection to the input connections 21, 22 of the
current transformer 20. The voltage transformer 10 may
be disconnected on the secondary side 13 during the
test, so that the first test signal 41 is not applied
between the output connections 13, 14 of the voltage
transformer 10, but rather only the wiring as far as

the secondary device 30 is checked.

The voltage source 41 and the current source 42 may be
included in separate testers that can move
independently of one another. In this case,
communication 1is advantageously effected between the
two devices that 1is used to make certain that the

second test signal generated by the current source 42
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is in a desired phase relationship with the first test
signal generated by the voltage source 41. By way of
example, the communication between the testers can make
certain that the first test signal and the second test
signal are in phase. An electronic control device in
one of the testers can make certain of the matching of
the phase angle between the second test signal
generated by the current source 42 and the first test
signal generated by the voltage source 41. To this end,
the electronic control device, which may be configured
as a processor or controller, can send control signals
to the other tester, which are evaluated by this other
tester in order to produce a predefined phase angle
between the first test signal and the second test
signal. The different testers can have an 1interface
that allows the exchange of synchronization information
for synchronization. To provide the voltage source 41
and the current source 42, two transformers can be
connected to the same system line in order to obtain a
voltage scurce 41 and a current source 42 with a fixed

phase relationship.

Depending on a response of the secondary device 30, for
example depending on an arithmetic sign of a power
display on the display device 31, it is possible to
check that the current transformer 20 is installed with
the correct polarity, the wiring lines 15 between the
voltage transformer 10 and the inputs of the secondary
device 30 are routed correctly, particularly without
unintentional transposition, and the further wiring
lines 25 between the current transformer 20 and the
inputs of the secondary device 30 are routed correctly,

particularly without unintentional transposition.

The testing apparatus may be set up to carry out the
correct wiring of current and voltage transformers at
sequential times or at the same time for current and

voltage transformers that are associated with different
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phases. To this end, the testing apparatus may be

configured to generate more than two test signals at

the same time, and/or can apply a first test signal and

a second test signal to the transformers of different

phases at seguential times, as has been described with

reference to figure 1.

The testing apparatus can comprise an electronic
computation device that may be configured as a
processor, controller, microprocessor or other
integrated semiconductor circuit. The electronic
computation device may be set up to computationally
ascertain a response of the secondary device to the
first test signal and the second test signal. To this
end, the Dbehavior of the secondary device 30 can be
simulated. If a power is computed by the secondary
device 30, for example, it is possible to predict from
the phase difference between the second test signal and
the first test signal what arithmetic sign the recorded
power needs to have when the secondary wiring is
correct. From the amplitudes of the first and second
test signals, the phase difference between the second
test signal and the first test signal and the
transformation ratio of the current transformer 20, it

is possible to predict the absolute value of the power.

The electronic computation device can alternatively or
additionally carry out other calculations. By way of
example, depending on the first test signal, the second
test signal and information about the type of a
protective relay, which is inputtable in user-defined
fashion, it is possible to ascertain whether the
protective relay should operate a circuit breaker as a
reaction to the first test signal and the second test
signal when the secondary wiring is correct.
Optionally, depending on the first test signal, the
second test signal and information about the type of a

protective relay, which is inputtable in user-defined
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fashion, it 1s possible to ascertain how rapidly the

protective relay should trip. The tripping time of the

protective relay as a reaction to the first test signal

and the second test signal can be compared with the

computationally ascertained response.

Further configurations and features of the testing
apparatus and of the system of figure 2 can correspond

to the features described with reference to figure 1.

Figure 3 is a depiction of a system 1 according to an
exemplary embodiment that comprises a testing apparatus
40, configured as a tester, that 1is conductively
connected to the primary side of a current transformer
20 and the secondary wiring of a voltage transformer
10. Features that can have configurations and effects
described with reference to figure 1 and figure 2 are
denoted by the same reference symbols as in figure 1

and figure 2.

The testing apparatus 40 comprises the first signal
source 41, which may be an AC voltage source, and the
second signal source 42, which may be an AC current
source. The first signal source 41 and the second
signal source 42 may Dbe accommodated in the same
housing of the testing apparatus 40. The testing

apparatus 40 may be mobile, in particular portable.

The testing apparatus 40 is set up to test the correct
wiring of the current transformer 20 and of the voltage
transformer 10 and the correct direction of
installation of the current transformer 20 by
controlling the first signal source 41 and the second
signal source such that a first test signal is applied
to the secondary wiring 15 of the voltage transformer
10 and a second test signal is supplied to the primary
side of the current transformer 20 at the same time.

The testing apparatus 40 <can have an electronic
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computation device 50 that is set up to control the
first signal source 41 and the second signal source 42.
The electronic computation device 50 may be set up to
control the first signal source 41 and the second
signal source 42 such that they output in-phase AC
signals. The electronic computation device can comprise
a processor, a controller, a microprocessor ©Or a
combination of said units or other integrated

semiconductor circuits.

The testing apparatus 40 can also comprise only one
signal source that is set up to generate both the first
test signal and the second test signal. The testing
apparatus 40 can comprise two or more signal sources
and may be set up to supply test signals to the primary
sides of at least two current transformers and to apply
test signals to the secondary wiring of at least two

voltage transformers at the same time.

The electronic computation device 50 may be set up to
simulate the expected response of the secondary device
30 to the first test signal and the second test signal.
To this end, by way of example, an arithmetic sign of a
power ascertained by the secondary device 30, a
tripping behavior of a protective relay or another
characteristic variable that describes the behavicr of
the secondary device 30 as a response to the first test
signal and the second test signal can be ascertained by
the electronic computation device 50. To this end, the
electronic computation device 50 can ascertain the
power that should be recorded by the secondary device
when the secondary wiring of the transformers 10, 20 is
correct, for example, as has already been described in

more detail.

The electronic computation device 50 can have an output
interface 51. The output interface 51 can be used to

output information about the computationally
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ascertained response. By way of example, the testing
apparatus 40 may be set up to use the output interface
51 to output what arithmetic sign and optionally also
what absolute wvalue a power displayed on & power
display 31 of the secondary device 30 should have that
is8 ascertained as a reaction to the first test signal

and the second test signal.

A comparison of the actual response of the secondary
device 30 with the response predicted by the electronic
computation device for correct secondary wiring of the
transformers can be effected by a user. By way of
example, a user can check whether the arithmetic sign
of the power display in a control room matches the
computationally predicted arithmetic sign of the power

display of the control room.

Figure 4 is a depiction of a system 1 according to an
exemplary embodiment that comprises a testing apparatus
40, configured as a tester, that 1is conductively
connected to the primary side of a current transformer
20 and the secondary wiring of a voltage transformer
10. Features that can have configurations and effects
described with reference to the preceding figures are
denoted by the same reference symbols as in the

preceding figures.

The testing apparatus 40 has an input interface 52. The
input interface 52 is set up for a wired or wireless
connection to the secondary device 30. The input
interface 52 is set up to retrieve from the secondary
device 30 information about the response of the
secondary device 30 to the first test signal and the
second test signal.

The electronic computation device 50 is coupled to the
input 1interface 52 and 1is set up to automatically

check, depending on the information retrieved via the
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input interface 52 about the response of the secondary

device 30 and depending on information about the first

test signal and the second test signal, whether the

secondary wiring 15 of the voltage transformer 10 and

the secondary wiring 25 of the current transformer 20

is embodied correctly.

Figure 5 is a depiction of a system 1 according to an
exemplary embodiment that comprises a testing apparatus
40, configured as a tester, that 1is conductively
connected to the primary side of a current transformer
20 and to the secondary wiring of a voltage transformer
10. Features that can have configurations and effects
described with reference to the preceding figures are
denoted Dby the same reference symbols as 1in the
preceding figures.

The testing apparatus 40 is set up to apply test
signals to at least two voltage transformers that are
associated with different ©phases and the current
transformers connected to the respective phases at the

same time.

The testing apparatus 40 comprises at least one signal
source 41, 42 that is set up to provide the first test
signal on the secondary wiring of the voltage
transformer 10 and the second test signal on the
primary side of the current transformer 20 at the same
time. In this case, the current transformer 20 has its
input side connected to the same phase, for example the

phase 4 in figure 1, as the voltage transformer 10.

The testing apparatus 40 is set up to apply or supply a
further AC voltage signal to the secondary wiring of a
further voltage transformer 18 and a further AC voltage
signal to the primary side of the current transformer
connected to the same phase as the voltage transformer

18 at the same time. In this way, test signals can be
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applied to at least two current transformers and to at

least two voltage transformers at the same time. The

correct wiring and the correct installation of two

voltage transformers and two current transformers can

be checked at the same time in one step of the test.

The testing apparatus 40 can comprise outputs that are
set up to apply AC voltage signals to the secondary
wiring of at least two voltage transformers at the same
time and to supply AC current signal to the primary
sides of at least two current transformers at the same
time. The testing apparatus 40 can have outputs for
connection to the secondary wiring of two, three or
more than three voltage transformers and further
outputs for connection to the primary side of two,

three or more than three current transformers.

The testing apparatus 40 can comprise at least one
further AC voltage source 43. The AC voltage source 41
and the at least one further AC voltage source 43 may
be set up to apply AC voltage signals as test signals
to the secondary wiring of two different voltage
transformers 10, 18 whose primary sides are connected
to different phases of the primary system at the same
time.

The testing apparatus 40 can comprise at least one
further AC current source 44. The AC current source 42
and the at least one further AC current source 44 may
be set up to apply AC current signals as test signals
to the primary side of two different current
transformers 20, 28 whose primary sides are connected

to different phases of the primary system at the same
time.

The electronic computation device 50 of the testing
apparatus 40 may be set up to control the signal

sources for testing the wiring of transformers that are
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connected to different phases of the primary system
such that they generate test signals at the same time
or sequentially. In this case, test signals are
advantageously applied to one, two or three pairs of
current and voltage transformers that are connected to
different phases of the primary system at the same

time.

If test signals for transformers that are connected to
at least two different phases are generated at the same
time, the electronic computation device 50 can control
the signal sources 41-44 such that test signals having
different amplitudes are output to different current
transformers and/or to different voltage transformers.
By way of example, the electronic computation device 50
may be set up to control the signal source 41-44 such
that the AC voltage signal applied to the secondary
wiring of the further voltage transformer 18 has an
amplitude that is smaller than the amplitude of the
first test signal applied to the secondary wiring of

the voltage transformer 10.

Alternatively or additionally, the electronic
computation device 50 may be set up to control the
signal sources 41-44 such that the AC current signal
supplied to the primary side of the further current
transformer 28 has an amplitude that is smaller than
the amplitude of the second test signal supplied to the

primary side of the current transformer 20.

The electronic computation device 50 may be set up to
control the signal sources 41-44 such that when test
signals for transformers that are connected to
different phases are generated at the same time, the
product of the amplitude of the AC voltage signal
applied to the secondary wiring of the voltage
transformer and the amplitude of the AC current signal

impressed into the ©primary side of the current



10

15

20

25

30

35

CA 02989733 2017-12-15

WO 2017/005846 PCT/EP2016/066100
- 37 -

transformer associated with the same phase is dependent

on that phase of the primary system to which the input

sides of the current transformer and the voltage

transformer are connected.

As an alternative or in addition to alteration of the
amplitude from phase to  phase, the electronic
computation device 50 may also be set up to control the
signal source 41-44 such that a phase difference
between the AC voltage signal applied to the secondary
wiring of the voltage transformer and the AC current
signal 1impressed into the primary side of the
transformer associated with the same phase is dependent
on that phase of the primary system to which the input
sides of the current transformer and the voltage

transformer are connected.

The electronic computation device 50 may be set up to
control the signal sources 41-44 such that the AC
voltage signal applied to the secondary wiring of the
voltage transformer and the AC current signal impressed
into the ©primary side of the current transformer
assoclated with the same phase have the same frequency
for each of the phases. The electronic computation
device 50 may be set up to control the signal sources
41-44 such that the AC voltage signal applied to the
secondary wiring of the voltage transformer and the AC
current signal impressed into the primary side of the
current transformer associated with the same phase are

in phase with each of the phases.

The electronic computation device 50 may be set up to
control the signal sources 41-44 such that the AC
voltage signals that are applied to the secondary
wiring of voltage transformers 10, 18 that are
associated with different phases are phase shifted
relative to one another. By way of example, the AC

voltage signal that is applied to the secondary wiring
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of the further voltage transformer 18 by the AC voltage

source 43 may be phase shifted through +120° or through

-120° in comparison with the AC voltage signal that 1is

applied to the secondary wiring of the voltage

transformer 10 by the AC voltage source 41.

Additionally, the electronic computation device 50 may
be set up to control the signal sources 41-44 such that
the AC current signals that are supplied to the primary
sides of current transformers 20, 28 that are
assoclated with different phases are phase shifted
relative to one another. By way of example, the AC
current signal that is supplied to the primary side of
the further current transformer 28 by the AC current
source 44 may be phase shifted through +120° or through
-120° in comparison with the AC current signal that 1is
supplied to the primary side of the current transformer
20 by the AC current source 42.

If test signals for transformers that are connected to
all three phases 4, 5, © are generated at the same
time, the AC voltage signals applied to the secondary
wiring of different voltage transformers may each be
phase shifted through +120° or through -120° relative
to one another. The AC current signals supplied to the
primary sides of the corresponding current transformers
may accordingly each be phase shifted through +120° or
through -120° relative to one another. The test signals
that are provided to voltage and current transformers

connected to the same phase may each be in phase.

The configurations described here for a testing
apparatus and a testing method in which test signals
are provided to transformers connected to different
phases at the same time facilitate the association of
the responses of the secondary device 30 that are
expected for the different phases and the respective

actual responses of the secondary device 30. By way of
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example, it is possible for more than one power display

31, 32 to be read. The expected and actual response can

be compared by a user or automatically by the testing

apparatus 40 in order to identify wiring errors and

installation of current transformers with polarity

errors.

Figure 6 shows an example of test signals 71, 72 that
can be applied to the secondary wiring of voltage
transformers whose ©primary sides are connected to
different phases 4, 5, 6 by the testing apparatus 40 at

the same time.

The test signals 71, 72 may each be AC voltage signals
that can have the same frequency. The test signal 71
that is applied to the secondary wiring of the voltage
transformer 10 connected to a first phase 4 has a first
amplitude. The further test signal 72, which is applied
to the secondary wiring of the voltage transformer 18,
19 connected to a phase 5, 6, which is different than
the first phase, has a second amplitude. The second

amplitude is different than the first amplitude.

As an alternative or in addition to the wuse of
different amplitudes of AC voltage signals that are
applied to the secondary wiring of different voltage
transformers, it is also possible for the amplitudes of
the AC current signals that are supplied to the primary
sides of different current transformers to be chosen
differently.

As 1s likewise depicted in figqure 6, the further test
signal 72 that is applied to the secondary wiring of
the voltage transformer 18, 19 connected to a phase 5,
6, which 1is different than the first phase, can have a
phase shift of +120° or of -120° relative to the test
signal 71 that is applied to the secondary wiring of
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the voltage transformer 10 connected to a first phase
4.

The AC current signals that are supplied to the primary
sides of the current transformers connected to
different phases can likewise have a phase shift of

+120° or of -120° relative to one another.

Figure 7 is a flowchart 80 for a method accocrding to an
exemplary embodiment. The method can be carried out
using the testing apparatus 40 accecrding to an
exemplary embodiment, particularly wusing a testing
apparatus 40 with one of the configurations described

with reference to the preceding figures.

The method can be used to test the wiring of at least
one current transformer and at least one voltage
transformer whose primary sides are connected to a
phase of a primary system. The secondary sides of the
current transformer and the voltage transformer may be
connected to inputs of a protective device, a measuring

device, a control room or another secondary device.

At 81, a first test signal is applied to the secondary
side of a voltage transformer. The first test signal
can be applied to the secondary wiring that connects
the voltage transformer to inputs of the secondary
device 30. The first test signal may be an AC voltage
signal. The secondary wiring may be disconnected on the

secondary side of the voltage transformer for the test.

At 82, a second test signal 1s generated at the same
time as the first test signal. The second test signal
is impressed into the primary side of the current
transformer, the input side of which 1s connected to
the same phase of the primary system as the voltage

transformer. The second test signal may be an AC
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current signal. The second test signal may be in phase

with the first test signal.

At 83, a response of the secondary device, which can
comprise a protective relay, for example, is recorded.
The recording of the response can comprise reading an
arithmetic sign and optionally also an absolute value
of a power ascertained by the secondary device, which
the secondary device ascertains as a response to the
first test signal and the second test signal. The
recording of the response can comprise recording a
period of time in which a protective relay switches off
a circuit breaker. The recording of the response can

comprise reading a power display in a control room.

At 84, an expected response of the protective device
can be simulated. To this end, an arithmetic sign of a
power can be computationally ascertained that should be
recorded by the secondary device 1if the current
transformer 1is installed without polarity errors and
both the current transformer and the voltage
transformer are wired up to the protective device
correctly. Optionally, an absolute value of a power can
be computationally ascertained that should be recorded
by the secondary device if the current transformer is
installed without polarity errors and both the current
transformer and the voltage transformer are wired up to
the protective device correctly. If test signals are
supplied to the transformers of multiple phases at the
same time, it 1s also possible for relative magnitudes
of the power absolute values to be computationally
ascertained that are expected if the current
transformers are installed without polarity errors and
both the current transformers and the voltage

transformers are wired up to the protective device

correctly.
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At 85, the expected response can be compared with the
actually recorded response. If there 1s a match,
correct installation of the current transformer without
polarity errors and correct wiring of the transformers
to the inputs of the protective device can be inferred.
If there is a discrepancy, it is possible to ascertain
that there 1is a wiring error or that the current
transformer has been installed with the wrong polarity.
By way of example, such an error can be inferred if the
arithmetic sign of the power ascertained by the
protective device is the opposite of an arithmetic sign
of the power that is expected for the first and second
test signals.

In addition to the test on the wiring, the method can
also be used to ascertain whether settings within the
secondary device 30 are correct and/or the transformers
are connected to the inputs of the secondary device 30
that are associated with the appropriate phase. By way
of example, it 1s possible to check whether the
supplying of test signals to the transformers that are
connected to a first phase 4 of the primary system also
results in a corresponding power display in a control
room, or whether the power is displayed incorrectly for

another phase 5, 6 of the primary system.

The wiring and the correct installation of transformers
whose primary side 1is coupled to different phases of
the primary system can be checked sequentially or at

the same time.

Figure 8 is a flcwchart 90 for a method according to an
exemplary embodiment. The method can be carried out
using the testing apparatus 40 according to an
exemplary embodiment, particularly wusing a testing
apparatus 40 with one of the configurations described

with reference to the preceding figures.
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The method can be used to test the wiring of current

and voltage transformers sequentially for multiple

phases.

At 91, a first test signal is applied to the secondary
wiring of a voltage transformer whose input side 1is
connected to a phase for the primary system and a
second test signal is supplied to the primary side of
the current transformer that 1is connected to the same
phase at the same time. This can be effected as
described with reference to steps 81 and 82 of the

method from figure 7.

The response of the secondary device to the first test
signal and the second test signal can be recorded. This
can be effected as described with reference to step 83

of the method from figure 7.

At 92, a check can be performed to determine whether
the measurements have already been carried out on the
transformers of all the phases. If the measurement has
not yet been carried out on the transformers of all the
phases, the method returns to step 91. The test signals
are now supplied to the secondary wiring cof a voltage
transformer and to the primary side of a current
transformer that are connected to a different phase of

the primary system.

If it is ascertained at step 92 that the measurements
have been carried out on the transformers of all the
phases, the method continues at step 93. At 93, it is
possible to check whether the response of the secondary
device that has been recorded in each case as a
reaction to the first test signal and the second test
signal for each ©pair of transformers matches the
expected response. In this way, it 1is possible to
ascertain whether there are wiring or polarity errors.

Additionally, it is possible to ascertain which pair of
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current and voltage transformers has the applicable

error.

Figure 9 1is a flowchart 100 for a method according to
an exemplary embodiment. The method can be carried out
using the testing apparatus 40 according to an
exemplary embodiment, particularly using a testing
apparatus 40 with one of the configurations described

with reference to the preceding figures.

The method can be used to test the wiring of current
and voltage transformers for multiple phases at the
same tTime in one measurement. The multiple current and
voltage transformers are in this case connected between
three phases of a three-phase line and the secondary
device, for example a protective relay. For the test,
the secondary sides and the voltage transformers can

each be disconnected at just one terminal.

At 101, AC voltage signals are applied to the secondary
sides of multiple voltage transformers at the same
time. Each of the AC voltage signals can be applied to
the secondary wiring that connects a respective voltage
transformer to inputs of the secondary device 30. The
secondary wiring can be disconnected on the secondary
side of the voltage transformer at one terminal for the
test.

The different AC voltages can have different amplitudes
from one another. The different AC voltages may be
prhase shifted relative to one another. The different AC
voltages can have a phase shift of +120° or of -120°

relative to one another.

At 102, multiple AC current signals are supplied to the
primary sides of multiple current transformers at the
same time as the AC voltages are applied. In this case,

an AC current can be supplied to the primary side of
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each current transformer if an AC voltage is applied to
the secondary wiring of the voltage transformer
connected to the same phase. The AC current signal that
is impressed into a current transformer may be in phase
with the AC wvoltage signal that is applied to the
secondary wiring of the voltage transformer connected

to the same phase.

The different AC currents can have different amplitudes
from one another. The different AC currents may be
phase shifted relative to one another. The different AC
currents can have a phase shift of +120° or of -120°

relative to one another.

At 103, a response of the secondary device, which can
comprise a protective relay, for example, is recorded.
The recording of the response can comprise reading an
arithmetic sign and optionally also an absolute value
of multiple powers ascertained by the secondary device,
which the secondary device ascertains as a response to
the AC voltage signals and the AC current signals for
the different phases. The recording of the response can
comprise recording a period of time in which a
protective relay switches off a circuit breaker. The
recording of the response can comprise reading a power

display in a control room for multiple phases.

At 104, an expected response of the protective device
can be simulated. The determination of the expected
response can be effected as at step 84 of the method
from figure 7, expected powers Dbeing able to be
ascertained separately for multiple phases, for

example.

At 105, the expected response can be compared with the
actually recorded response. To this end, for each of
the three phases, for example, an arithmetic sign of a

power respectively ascertained by the protective device
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can be compared with that arithmetic sign that 1is
expected as a reaction to the AC voltage and the AC
current when the wiring of the transformers is correct.
This comparison can be carried out for each of the
three phases. If there is a match, correct installation
of the current transformer without polarity errors and
correct wiring of the transformers to the inputs of the
protective device can be inferred. If there 1is a
discrepancy, it is possible to ascertain that there is
a wiring error or that the current transformer has been
installed with the wrong polarity. By way of example,
such an error can be inferred if the arithmetic sign of
the power ascertained by the protective device is the
opposite of an arithmetic sign of the power that is

expected for the first and second test signals.

In addition to the test on the wiring, the method can
also be used to ascertain whether settings within the
secondary device 30 are correct and/or the transformers
are connected to the inputs of the secondary device 30
that are associlated with the appropriate phase. By way
of example, the different amplitudes of the AC voltages
and/or AC currents that are impressed as test signals
can be used to check whether the supplying of test
signals to the transformers that are connected to a
first phase 4 of the primary system also results in the
corresponding power display in a control room, or
whether this power is displayed incorrectly for another
phase 5, 6 of the primary system.

While methods, apparatuses and systems have been
described 1in detail with reference to the figures,
additional or alternative features can be used for
exemplary embodiments. By way of example, the testing
apparatus 40 may be set up such that an amplitude
and/or frequency of at least the second test signal

supplied to the primary side of the current transformer
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is altered on the basis of time 1in order to avoid

magnetizing the current transformer.

While exemplary embodiments in which sinusoidal AC
signals have been used as test signals have been
described, it is also possible to use other AC signals,
for example square-wave or triangular-wave form
signals, or DC voltage and DC current signals, as test
signals.

The methods, apparatuses and systems can be used to
detect incorrect installation of current transformers
and/or incorrect wiring between transformers and the
inputs of the device of the secondary system.
Additionally, the disclosed methods, apparatuses and
systems can also be used to check settings within the
device of the secondary system. By way of example, the
tripping behavior of a protective relay can be used to
check whether rapid isolation is effected in the event
of a fault that occurs in a predefined direction, for
example on an overhead line, relative to the protective

relay.

Apparatuses, methods and systems according to exemplary
embodiments can be used particularly for secondary
devices that are coupled to the primary system of an
energy network, of a transformer substation or of a
power station both via one or more current transformers
and via one or more voltage transformers in order to

perform monitoring and/or protection functions.

Apparatuses, methods and systems according to exemplary
embodiments reduce the risk of faults being able to
occur in an electrical energy system on account of
incorrect installation or incorrect wiring of current
and voltage transformers that are connected to a
protective relay or another device of the secondary

system.
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CLAIMS

A method for testing wiring of at least one current
transformer and at least one voltage transformer of a
device of an electrical energy system, comprising:
appiying a first test signal to a secondary side of
the at least one voltage transformer,

impressing a second test signal into a primary side of
the at least one current transformer,

wherein the first test signal and the second test
signal are generated at the same time, and

evaluating a response of the device of the electrical
energy system to the first test signal and the second

test signal.

The method as claimed in c¢laim 1, wherein the
evaluating of the response of the device comprises:

calculating an expected response depending on an
amplitude of the first test signal, an amplitude of
the second test signal and a phase angle between the

first test signal and the second test signal.

The method as claimed in claim 1 or claim 2,
wherein the response of the device comprises an
arithmetic sign or an absolute wvalue of a power

recorded by the device.

The method as claimed in any one of claims 1-3,
wherein the first test signal is an AC voltage and

wherein the second test signal is an AC current.

The method as claimed in any one of claims 1-4,
wherein the first test signal and the second test

signal are in phase.

Date Regue/Date Received 2020-11-04
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The method as claimed in any one of claims 1-5,
wherein the first test signal 1is applied to the
secondary side of the at least one voltage transformer
that is associated with a first phase of a multi-phase
line, and

wherein the second test signal is impressed into the
primary side of the at least one current transformer

that is connected to the first phase.

The method as claimed in claim 6, further comprising:
generating at least one further test signal to test
the wiring of at least one further voltage transformer
or at least one further current transformer that is
associated with a further phase, which is different
than the first phase, of the multi-phase line, wherein
the at least one further test signal is applied to a
secondary side of the at least one further voltage
transformer or is impressed into a primary side of the

at least one further current transformer.

The method as claimed in claim 7,
wherein the at 1least one further test signal is
generated at the same time as the first test signal

and the second test signal.

The method as claimed in any one of claims 1-8,
wherein the at least one voltage transformer is

disconnected on the secondary side for the test.

The method as claimed in any one of claims 1-9,

wherein the device comprises a protective relay.

A testing apparatus for testing wiring of at least one

current transformer and at least one voltage

Date Regue/Date Received 2020-11-04
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transformer of a device of an electrical energy
system, comprising

a first output for applying a first test signal to a
secondary side of the at least one voltage
transformer, and

a second output for impressing a second test signal
into a primary side of the at least one current
transformer,

wherein the testing apparatus is set up to generate
the first test signal applied to the secondary side of
the voltage transformer and the

second test signal impressed into the primary side of
the current transformer at the same time, and

wherein the testing apparatus is set up to evaluate a
response of the device of the electrical energy system

to the first test signal and the second test signal.

The testing apparatus as claimed in claim 11, further
comprising:

an electronic computation device that is set up to
computationally ascertain an expected response of the
device to the first test signal and the second test
signal from an amplitude of the first test signal, an
amplitude of the second test signal and a phase
relationship between the first test signal and the

second test signal.

The testing apparatus as claimed in claim 12, further
comprising:

an output interface for outputting the computationally
ascertained expected response or an input interface

for receiving the response of the device.

Date Regue/Date Received 2020-11-04
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14. The testing apparatus as claimed in any one of claims
11-13, further comprising:
a controllable voltage source for generating the first

test signal and a controllable current source for

5 generating the second test signal.
15. The testing apparatus as claimed in any one of claims
11-14,
wherein the testing apparatus is configured as a
10 portable tester.
16. A system comprising:

a device that has inputs that are conductively

connectable to at least one current transformer and at
15 least one voltage transformer, and

a testing apparatus as claimed in any one of claims

11-15 that is connected to a secondary wiring of a

voltage transformer of the at least one voltage

transformer and to the primary side of a current

20 transformer of the at least one current transformer.
17. The system as claimed in claim 160,

wherein the device comprises a protective relay, a

power display in a control room or a measuring device.

Date Regue/Date Received 2020-11-04
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