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(57) Abrege/Abstract:
The present invention relates to a measuring device (10) for measuring a resistance of a switching contact (5) of an electrical circuit

breaker (1). The measuring device (10) comprises a high-current generating unit (11) for generating a measurement current for the
resistance measurement, and a measuring unit (12) for registering a measurement signal at the circuit breaker (1) during the
opening or closing of the switching contact (5), and for determining a time-based resistance course of the switching contact (5)
during opening or closing, In dependence on the measurement current and the measurement signal.
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ABSTRACT

Measurement of a resistance of a switching contact of an

electrical circuit breaker

The present invention relates to a measuring device (10)
for measuring a resistance of a switching contact (5) of an
electrical circuit breaker (1). The measuring device (10)
comprises a high-current generating unit (11) for
generating a measurement current for the resistance
measurement, and a measuring unit (12) for registering a
measurement signal at the circuit breaker (1) during the
opening or closing of the switching contact (5), and for
determining a time-based resistance course of the switching
contact (5) during opening or closing, 1n dependence on the

measurement current and the measurement signal.

(Fig.)
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TITLE

Measurement of a resistance of a switching contact of an

electrical circuilt breaker

The present invention relates to a measuring device and to
a method for measuring a resistance of a switching contact
of an electrical circuit breaker or of an electrical high-

voltage switch.

Circult breakers, which are also referred to as high-
voltage switches, are used 1in energy engineering to make or
break electrical connections under load. The nominal
voltages of the circuit breakers can be in the range from a
few volts up to some hundred kilovolts. The switched load
currents can be several tens of kiloamperes in the case of
a short-circulit. For reliable operation of the circuit
breaker, therefore, for example in connection with service
inspections, the contact resistance of a switching contact
of the electrical circuit breaker is checked. A high
degree of wear can occur at the switching contact of the
circult breaker, for example burn-off of the arcing
contacts, during switching under load and, in particular,

during breaking of a short-circuit current.

It 1s therefore the object of the present invention to
determine a state, in particular a state of wear of the

switching contact of an electrical circuit breaker, and to
check the mechanical state of the drive and of the

contacts.

This object 1s achieved, according to the present

invention, by a measuring device for measuring a resistance
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of a switching contact of an electrical circuit breaker, and

to a method for measuring a resistance of a switching contact

of an electrical circult breaker.

Provided according to the present invention 1s a measuring

device for measuring a reslistance of a switching contact of
an electrical cilrcult breaker. The measuring device
comprises a high-current generating unit and a measuring

unit. The high-current generating unit serves to generate a

measurement current for the resistance measurement, and can

be coupled to the circuit breaker for the purpose of feeding
the measurement current 1nto the circuit breaker. The
measuring unit can be coupled to the circuit breaker, and 1is

designed to regilister a measurement signal at the circuit

breaker. The measurement signal can comprise, for example, a

F

voltage across the switching contact of the circuit breaker.

The measuring device 1s able to reglster the measurement

F

signal during the opening or during the closing of the

switching contact, and to determine a time-based resistance

course of the switching contact during the opening or closing

operation, 1n dependence on the measurement current and the

measurement signal. The determination of the time-based

reslistance course of the switching contact makes 1t possible

to determine, not only the contact resistance of the

switching contact in the closed state, but also a time-based

= e

behaviour of the resistance of the switching contact while

pr—

contacts of the switching contact are being brought into

PP

contact during closing of the circuit breaker or are being

separated from each other during opening of the circuit

breaker. A state
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of wear of the switching contact, for example, can be
determined on the basis of the time-based resistance
course. According to the invention, the measuring device
comprises a housing in the form of a portable unit. At
least the high-current generating unit and the measuring
unit are accommodated in the housing. As a result, the
measuring device can be disposed in lmmediate proximity to
the circuit breaker, such that power losses of the high-
current generating unit over long infeed cables can be
minimized and, in addition, measurement signals can be
reglstered without interference, or with little
interference, since the measurement signals, likewise, do
not have to be transmitted over long infeed lines. The
measurling device can be realized, in particular, in such a
way that the housing 1s disposed, for example, on the
housing of the switching contact, such as, for example, a
ceramic housing, of the switching contact, such that infeed
lines to the connections of the circuit breaker can be very
short, for example having a length of 1 to 2 m for a high-
voltage switch, and considerably shorter than 1 m for a
medium-voltage switch. Preferably, there are no operator

control elements on the measuring device.

According to one embodiment, the measuring unit is designed
to determine the resistance course of the switching
contact, as a sequence of digital resistance values, in
dependence on the measurement current and the measurement
signal. The sequence of digital resistance values can be
output via an energy supply connection, which serves to
supply the measuring device with electrical energy. The
energy supply connection can be, for example, a so-called
Power over Ethernet connection or so-called Power Line

Communication connection. Alternatively, the energy supply



CA 02812996 2013-04-16

- 4 -

connection can comprise a plurality of plug connectors, and
the energy supply cable to be connected to the enerqgy
supply connection can comprises a plurality of differing
electrical conductors, which are held together mechanically
and used, on the one hand, to transmit the sequence of
digital resistance values and, on the other hand, to
transmit the energy for supplying the measuring device.
The differing electrical conductors can be held together,
for example, by means of cable binders or by means of a
common cable sheath. In the case of the Power over
Ethernet connection or the Power Line Communication
connection, on the other hand, the electrical energy for
supplying the measuring device is transmitted, like the
sequence of digital resistance values, over common
conductors. The sequence of digital resistance values can
be transmitted, for example, to a ground station that
comprises, for example, an electronic control system or a
computer, and that 1s suitable for storing and evaluating
the sequence of digital resistance values. For the purpose
of measuring a resistance of a switching contact of, for
example, a circuit breaker on a high-voltage line, the
measuring device can therefore be disposed in immediate
proximity to the circuit breaker, at a height of, for
example, 6 m, at which the circuit breaker is located, and
can be coupled to the circuit breaker via correspondingly
short connections. The transmission of the time-based
resistance course, for example as a sequence of digital
resistance values, to the ground station can be effected
via a correspondingly longer cable, such that the
measurement values from the measuring device can be
registered with a high degree of accuracy and can be
transmitted digitally to the ground station without

interference or faults.
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According to a further embodiment, the measuring device
comprises a capacitive energy storage device, for example a
capacitor, which is coupled to the high-current generating
unit. The high-current generating unit is able to generate
a measurement current from both electrical energy from the
capaclitive energy storage device and from electrical energy
from the energy supply connection of the measuring device,
for a defined period, in particular for a defined
measurement period. The thus generated measurement current
has an electrical power that is greater than the power
consumed by the measuring device, via the energy supply
connection, during the period. The capacitive enerqgy
storage device thus serves to buffer electrical energy, in
order to keep a current consumption or energy consumption
of the measuring device low during the resistance
measurement and, at the same time, to enable a measurement
current having a substantially greater power to be provided
for the resistance measurement. The high-current
generating unit can generate, for example, a measurement
current of some 10 amperes, for example a measurement

current of at least 100 amperes.

According to one embodiment, the measuring device
additionally comprises a control unit, in a separate
housing. The control unit is designed to activate the

circult breaker to open or close the switching contact.

According to a further embodiment, the control unit is able
to output digital control signals, via a computer network,
for opening or closing the switching contact. The digital
control signals can comprise, for example, signals

according to the standard IEC 61850. Circuit breakers that
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are capable of opening or closing their switching contacts
on the basis of commands according to the standard IEC
61850, so-called goose messages, can consequently be
activated by the measuring device to determine or record a
time-based resistance course of the switching contact
during opening or closing. As a result, the measuring

operation can be performed in an automated manner.

Additionally provided according to the invention is a
method for measuring a resistance of a switching contact of
an electrical circuit breaker. In the case of the method,
a measuring current is generated for the resistance
measurement, and the measurement current is fed into the
circuit breaker. The circuit breaker is activated to open
or close the switching contact, and during the opening or
closing of the switching contact a measurement signal is
registered at the circuit breaker. A time-based resistance
course of the switching contact during opening or closing
1s determined in dependence on the measurement current and
the measurement signal. The method can be performed with
the measuring device described above. The measuring device
can be disposed, in particular, in immediate proximity to
the circuit breaker. In other words, for example in the
case of a high-voltage switch, the measuring device is
disposed approximately at the same height at which the
switching contacts are located. As a result, the lines for
feeding the measurement current into the circuit breaker
and for registering the measurement signal can be made
correspondingly short, such that there is the least
possible injection of interference from adjacent
measurements being conducted at the same time, or other
electrical interference, for example from switching devices

Oor energy plants. As a result, the state and functional
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capabilility of the circuit breaker can be determined relilably

and with a high degree of accuracy, 1n particular after a

first 1nstallation or servicling Or service 1nspection.

In yet another aspect, the present invention provides a

measuring device for measuring a resistance of a switching

contact (5) of an electrical circuilt breaker (1), comprising:

wl—

a high-current generating unit (11), which 1s designed to

generate a measurement current for the resistance

measurement, and which can be coupled to the circuit breaker

F

(1) for the purpose of feeding the measurement current 1nto

the circuit breaker (1), a measuring unit (12), which can be
coupled to the circuit breaker (1), and which 1s designed to

detect a measurement signal at the circuilt breaker (1) during

the opening or closing of the switchling contact (5), and to

determine a time-based resistance course of the switching
contact (5) during opening or closing, 1in dependence on the
measurement current and the measurement signal, wherein the
measuring unit (12) 1s further designed to determine the
resistance course of the switching contact (5) as a seqguence
of digital resistance values, and an energy supply connection
(15) for supplying the measuring device (10) with electrical
enerqgy, the measuring unit (12) beling designed to output the
sequence of digiltal resistance values via the energy supply

connection (15), the measuring device (10) comprising a

P

housing (16), 1n the form of a unit that can be mounted on

the switching contact (%), 1n which housing at least the
high-current generating unit (11) and the measuring unit (12)

are accommodated.

In yet another aspect, the present invention provides a

method for measuring a resistance of a switching contact (5)
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of an electrical circuit breaker (1), comprising: generating

a measurement current for the resistance measurement, feedlng
the measurement current into the circuit breaker (1) with a
high-current generating unit (11), activating the circuit
breaker (1) to open or close the switching contact (5), ahd
detecting a measurement signal at the circuilit breaker (1)
during the opening or closing of the switching contact (5)
with a measuring unit (12), and determining a time-based

-

resistance course of the switching contact (5) during opening

or closing, in dependence on the measurement current and the

measurement signal as a sequence of digital resistance

values, wherein the method is performed by a measuring device

(10), the measuring device (10) comprising a housing (16), 1n

the form of a unit that can be mounted on the switching
contact (5), in which housing at least the high-current
generating unit (11) and the measuring unit (12) are
accommodated, wherein the measuring device (10) is supplied

with electrical energy via an energy supply connection (125),

the method further comprising outputting the seqguence of
digital resistance values via the energy supply connection

(15) .

The present invention is explained in the following, with

reference to the drawing, on the basis of preferred

embodiments. The sole figure shows, schematically, a

grore—

measuring device according to an embodiment of the present

invention, which measuring device 1s coupled to a circult

breaker and to a ground station.

The figure shows a circuit breaker 1, which 1s coupled to
lines 2 and 3, 1n order elither to electrically couple the

lines 2 and 3 to each other or to break an existing
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electrical connection between the lines 2 and 3. The circuit

breaker 1 comprises a housing 4, in which there 1s disposed a

switching contact 5 that performs the actual switching
operation. The circuit breaker 1 additionally comprises a
control drive 6, which actuates the switching contact 5 via a
mechanical coupling 7. The control drive 6 can comprise, for
example, a so-called spring storage drive, which comprises
springs, as energy storage devices, for providing the

mechanical energy for opening and closing the switching

contact 5. The control drive 6 can in addition comprise an
electrical drive, for example an electric motor, which loads
the springs. Furthermore, the control drive 6 can comprilse

trip coils that, as a result of being electrically activated,

release the mechanical energy, stored in the coils, for

opening or closing the switching contact 5. For the purpose

f—

of supplying the control drive 6 with electrical energy, the

control drive 6 can have a corresponding current connection.

o~
.

Control of
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the trip coils can be effected, for example, via the
connection 8 shown in the figure. Alternatively, commands
for opening or closing the switching contact 5 can also be
transmitted to the control drive 6 via a bus system, for

example according to the standard IEC 61850.

Additionally shown in the figure is a control unit 13,
which can issue commands to the control drive 6, wvia the

line 8, for opening and closing the switching contact (5).

Additionally shown in the figure is a measuring device 10,
which 1s designed to measure a resistance of the switching
contact 5 of the electrical circuit breaker 1. The
measuring device 10 comprises a high-current generating
unit 11, a measuring unit 12 and a housing 16. The high-
current generating unit 11 can generate a measurement
current of several 100 amperes, for example 200 amperes,
which i1is fed into the circuit breaker 1 via lines 20, 21.
The measuring unit 12 is coupled to the circuit breaker 1
via lines 22 and 23, and is able to register a measurement
signal, for example a voltage drop that occurs at the
circult breaker 1, in particular across the switching
contact 5, because of the measurement current from the
high-current generating unit 11. The measuring device 10
additionally comprises an energy supply connection 15,
which can be coupled to, for example, an energy supply
system, via a line 24. Via the energy supply connection
15, the measuring device 10 can be supplied, for example,
with a usual network voltage of 230 volts. From the energy
provided via the energy supply connection 15, the high-
current generating unit 11 generates the measurement
current for the resistance measurement. For the purpose of

briefly generating a measurement current that has a greater
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power than can be provided via the energy supply connection
15, the measuring device 10 can comprise a capacitive
energy storage device 14, which 1s charged with energy by
the energy supply system, before the resistance
measurement, and which provides additional energy for the

high-current generating unit 11 during the resistance

measurement.

The control unit 13 1is coupled to the high-current
generating unit 11 and to the measuring unit 12 and, via
the connection 8, to the control drive 6 of the circuit
breaker 1. Via the connection 8, the control unit 13 can
activate the circuit breaker 1 to open or close the
switching contact 5. During the opening or closing of the
switching contact 5, the measuring unit 12 registers a
measurement signal and, in dependence on the measurement
current generated by the high-current generating unit 11
and the measurement signal, determines a time-based
resistance course of the switching contact 5 during opening
or closing. In order to achieve a high degree of
measurement accuracy of the time-based resistance course,
the measuring device 10 is disposed in immediate proximity
to the circuit breaker 1. 1In the case of a circuit breaker
for a high-voltage line, the switching contact 5 is
generally disposed at a height of several metres above the
ground, for example at a height of 6 m. Accordingly, the
measuring device 10 is disposed at approximately the same

height as the circuit breaker 1, and in immediate proximity

thereto.

For example, the measuring device can be fastened to the

housing 4 of the circuit breaker 1 or to the high-voltages

lines 2 or 3. As a result, only very short connections 20
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- 23 are required, such that interference from other
measurements on other circuit breakers, or other
electromechanical interference, have only a small effect on
the measurement signal registered by the measuring unit 12.

Moreover, owing to the short connection lengths, only low

energy losses occur in the connections 20, 21 because of
the measurement current from the high-current generating
unit 11. The measuring device 10 can convert the
registered measurement signal, or the time-based resistance
course determined therefrom, into a digital form, and can
transmit this to a ground station or base station 30, for
example a measuring station or a PC. The digiltized
information can be transmitted, for example, to the control
unit 13, via a line that is integral with the connection
24, and from the control unit 13 can be transmitted
further, for example via a network 25, to the ground
station 30. For this purpose, the connection 24 can
comprise, for example, a plurality of electrical conductors
that serve, on the one hand, to transmit electrical energy
to the measuring device and, on the other hand, serve to
transmit the digitized information from the measuring
device to the control unit 13. Alternatively, the
connection 24 can also comprise a so-called Power over
Ethernet or so-called Power Line Communication connection,
in which both energy and digitized information are

transmitted via common conductors.

Through the measurement of the time-based resistance course
of the switching contact 5 during opening or closing, the
state of the switching contact 5 can be checked and
evaluated on the basis of the course of the resistance over
time or over the switching distance, for example after

installation of the circuit breaker or after a service
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inspection of the circuit breaker 1. Since the measuring
device 10 1s disposed in 1mmediate proximity to the circuit
breaker 1, the measurilng accuracy can be increased and less
energy 1s requlred for measurement of the resistance.

Since the determined time-based resistance course 1s
transmitted to the ground station 30 via the connection 24,

the cabling of the measuring arrangement can be simplified.

The measuring device 10 can comprises further components,
which are not shown in the figure. Furthermore, the
control drive 6 can comprise an energy supply unit that,
for example, provides energy for the electric motor of the
control drive 6, for the purpose of loading the springs,

and that generates control voltages for activating the trip

colls of the control drive 6.
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CLAIMS

1. Measuring device for measuring a resistance of a

switching contact (5) of an electrical circuit breaker

(1), comprising:

- a high-current generating unit (11), which 1s
designed to generate a measurement current for the

reslistance measurement, and which can be coupled to

the circuit breaker (1) for the purpose of feeding
the measurement current 1nto the circult breaker
(1),

- a measurilng unit (12), which can be coupled to the
circuit breaker (1), and which 1s designed to detect
a measurement signal at the circuit breaker (1)
during the opening or closing of the switching

contact (5), and to determine a time-based

resistance course of the switching contact (5)
during opening or closing, 1n dependence on the
measurement current and the measurement signal,
wherein the measuring unit (12) 1s further designed

to determine the resistance course of the switching

contact (5) as a sequence of digital resistance
values, and

- an energy supply connection (15) for supplylng the
measuring device (10) with electrical energy, the
measuring unit (12) being designed to output the

#

sequence of digital resistance values via the enerqgy

supply connection (15),

the measuring device (10) comprising a housing (1l6),

g

in the form of a unit that can be mounted on the

switchlng contact (5), 1n which housing at least the
high-current generating unit (1l1l) and the measuring

unit (12) are accommodated.
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Measuring device according to Claim 1, further
comprising a control unit (13) in a separate housing,
which control unit is designed to activate the circuit

breaker (1) to open or close the switching contact

(2) .

Measuring device according to Claim 1 or Claim 2,
wherein the energy supply connection comprises an
electrical conductor, and the supplying of the

measuring device (10) with the electrical energy and

the outputting of the sequence of digital resistance
values from the measuring device (10) are effected via

the electrical conductor.

Measuring device according to Claim 3, the energy
supply connection (15) comprising a Power over
Ethernet connection or a Power Line communication

connection.

Measuring device according to claim 1, further
comprising

a capacltive energy storage device (14), which is
coupled to the high-current generating unit (11), the

high-current generating unit (11l) being designed to

generate the measurement current for a defined period,

driven by electrical energy from the capacitive enerqgy

storage device (14) and electrical energy from the
energy supply connection (15) of the measuring device
(10), the measurement current being driven with a
greater electrical power than i1s consumed by the
measuring device (10), via the energy supply

connection (15), during the period.
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Measuring device according to claim 1, the high-
current generating unit (11) being designed to

generate the measurement current to be at least 100 A.

Measuring device according to claim 1, the measurement
signal comprisling a voltage across the switching

contact (5) of the circuit breaker (1).

Measuring device according to claim 2, the control

unit (13) being designed to output control silgnals via

a network, for opening or closing the switching

contact (5).

Method for measuring a resistance of a switching

contact (5) of an electrical circuit breaker (1),

comprising:

- generating a measurement current for the resistance
measurement with a high—currént generating unit
(11),

- feeding the measurement current into the cilrcuilt
breaker (1),

- activating the circuit breaker (1) to open or close
the switching contact (5), and

- detecting a measurement signal at the circuilt

breaker (1) during the opening or closing of the
switching contact (5) with a measuring unit (12),
and

- determining a time-based resistance course of the
switching contact (5) during opening or closing, 1in
dependence on the measurement current and the
measurement signal as a sequence of digital

resistance values,



10.

11.

12.
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whereiln the method is performed by a measuring
device (10), the measuring device (10) comprising a
housing (16), in the form of a unit that can be
mounted on the switching contact (5), in which
housing at least the high-current generating unit
(11) and the measuring unit (12) are accommodated,
wherein the measuring device (10) 1is supplied with
electrical energy via an energy supply connection

(15), the method further comprising

F

- outputting the sequence of digital resistance values

via the energy supply connection (15).

Method according to Claim 9, wherein the measuring
device 1s the measuring device (10) according to any

one of Claims 1 to 8.

Method according to Claim 10, the measuring device
(10) belng disposed in immediate proximity to the

circulit breaker (1).

Method according to Claim 10, the measuring device

(10) being disposed in immediate proximity to a

housing (4) of the switching contact (5).
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