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Voltage limiting device

The invention relates to a switch cabinet having a voltage limiting device
comprising an electromagnetically operable switching device for producing an

electrical connection between a first cable terminal and a second cable terminal.

Voltage limiting devices (VLD = Voltage Limiting Device) are used in the field of
rail energy supply, in particular in the field of DC-powered railways. In DC-
powered railways, the rail is usually used as a return conductor for the traction
current. In this case, the rail is insulated against ground to prevent stray currents
from happening. Due to the electrical resistance of the rail, the return current
flowing through the rail results in a potential difference with respect to ground,
which can be tapped as a voltage between rail and earth. In order to avoid
impermissible contact voltages which can occur during operation or in the event of
a fault, protective measures are prescribed which are very often carried out in the
form of voltage limiting devices. In this case, voltage limiting devices of the self-
resettable grounding short-circuiter sub-type are operationally advantageous.
These are generally installed between the rail and the grounding system and

respond at a defined contact voltage threshold.

Known voltage limiting devices have a switching device that establishes an
electrical connection between two cable terminals. The switching devices have a
single-pole or multi-pole contactor with a fixed and a movable switching contact
actuated by an electromagnetic actuator. The contactor can be operated together
with thyristors which are in an arbitrary temporal triggering relationship with the
contactor. After the thyristors have been triggered, the contactor can take over the
load. For triggering the contactor or the thyristors, at least one control device
and/or control electronics unit are provided. Often the components are located in a

control cabinet.
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The Document CN 101 707 358 A discloses a switch cabinet having a voltage
limiting device, which corresponds to the pre-characterising part of claim 1.

For a standardised design, the contactor must be able to carry the current at a
certain power level for a certain period of time. If the current becomes too high,
technical measures must be taken to reinforce or relieve the switching contacts of

the contactor.

The object of the invention is to provide a voltage limiting device that allows higher

switching performance while maintaining the same dimensions.

This object is achieved according to the invention by the features of claim 1. The
subject matter of the dependent claims relates to advantageous embodiments of

the invention.

The voltage limiting device according to the invention comprises an
electromagnetically-operable switching device for producing an electrical
connection between a first cable terminal and a second cable terminal, wherein an
electrical conductor electrically connects the first cable terminal with one terminal
of the switching device and another electrical conductor electrically connects the
second cable terminal with the second connection of the switching device. The two
electrical conductors may each have a plurality of conductive parts. The voltage
limiting device is characterized in that one of the two electrical conductors
comprises an electrically conductive support plate which can at the same time
serve as a mounting plate for at least parts of the other electrical conductor. The
cable terminals can each have one or more cable lugs or the like in order to be

able to connect one or more cables to a cable terminal.

In this context, an electrically conductive support plate is understood to mean a flat
component which is different from a component which has only a relatively small
width in relation to the length thereof, i.e. which is different from a narrow
component such as a rail-shaped conductor. In contrast to an electrical conductor,
which is characterized by a width which is small in relation to the length, the

extension of the support plate in the direction of the width allows a current
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displacement in the width direction. Since the current conductor is drawn out
width-wise, current can be displaced in a direction other than in the direction of the
switching device, preferably in the opposite direction. It has been found that, in
this way, the forces acting on the conductive parts of the switching device, in
particular the switching contacts thereof, are reduced and the switch contacts are
relieved. This improves the electrical properties of the voltage limiting device. The
voltage limiting device can switch higher loads without having to reinforce the
contacts of the switching device.

As an electrical conductor, the support plate not only improves the electrical
properties of the voltage limiting device, but also simplifies the arrangement and
attachment of the individual components of the voltage limiting device.

In the voltage limiting device according to the invention, the support plate can
facilitate the installation of at least parts of the electrical conductor, which does not
comprise the support plate, whereby this electrical conductor can be easily
attached to the electrically-conductive support plate by means of an insulator, or at
least parts of this conductor can be attached to the electrically-conductive support
plate thereby. As a result, a tight spatial arrangement of the individual components
is possible using the space provided in the cabinet so that a compact design of the
voltage limiting device can be achieved.

The voltage limiting device is disposed in a control cabinet having a front and a
back, a left side part and right-side part and a top part and a bottom part. In the
control cabinet, the electrically conductive support plate is disposed at the back,
so that individual components of the voltage limiting device can be disposed in
front of the support plate and fastened to the support plate. The support plate
forms at least a part of the rear wall of the cabinet. Preferably, the support plate is
the rear wall of the cabinet. But it can also form at least a part of a rear wall of the
cabinet which is not the rear wall of the cabinet. In this case, a panel or the like
may be provided behind the support plate, which forms the rear part of the
cabinet. However, the support plate can also be disposed in the area of one of the
two side parts of the cabinet. Here, the support plate may also be at least a part of

the side part.
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The support plate is made of an electrically conductive material, which may be

copper or aluminium. In practice, the less expensive aluminium is sufficient.

The conductor, which does not comprise the electrically conductive support plate,
preferably comprises a busbar for establishing an electrical connection between
the cable terminal and the switching device. However, this current path can also
comprise other conductive parts.

A preferred embodiment provides that the busbar of the conductor which does not
comprise the electrically conductive support plate and the electrically conductive
support plate itself are disposed in the cabinet in different levels, i.e. one after the
other or one above the other depending on the line of sight. The support plate is
preferably disposed in a rear area of the cabinet and the busbar of the conductor
which does not comprise the electrically conductive support plate is disposed in a
front area of the cabinet, such that a sufficient distance is present between the
current-carrying parts. This busbar and the cable terminal electrically connected to
this busbar are preferably disposed in a single plane. The busbar and cable

terminal are preferably disposed in a front area of the cabinet.

A further preferred embodiment provides that the conductor comprising the
electrically conductive support plate has a busbar which extends from the plane in
which the electrically conductive support plate lies to the plane in which the
switching device lies. The switching device can thus be disposed in front of the
support plate. Preferably, the switching device is attached to a support rail
extending between the left and right-side part of the cabinet.

The switching device is disposed in the control cabinet in front of the support plate
in the area of one of the two side parts of the cabinet. In this case, the switching
device is preferably disposed in the control cabinet above the first and second

cable terminal.
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One of the two cable terminals is electrically-conductively attached to the
electrically conductive support plate. This cable terminal and the electrically

conductive support plate are preferably connected to ground potential.

The switching device has a contactor with more switching poles connected in
parallel and each having a switching contact pair. One contact of the switching
pole can be a fixed contact and the other contact can be a movable contact. In a
multi-pole contactor, one electrical conductor connects one cable terminal
electrically to the fixed switching contacts of the switching poles, and the other
electrical conductor connects the other cable terminal to the movable switching

contacts of the switching poles.

An embodiment of the invention is explained in more detail below with reference to

the drawings.

Shown are:

Fig. 1 a rail vehicle and the voltage limiting device in a highly simplified
schematic representation,

Fig. 2 the essential components of the voltage limiting device in a
schematic representation,

Fig. 3 a control cabinet in a greatly simplified, partially sectional perspective
view, wherein, in the cabinet, only the operating and control unit of
the voltage limiting device is shown,

Fig. 4 a front view of the cabinet of the voltage limiting device of Fig. 3,

Fig. 5 a side view of the cabinet of the voltage limiting device of Fig. 3 and

Fig. 6 an electrical equivalent circuit diagram for illustrating the current

displacement in the electrically conductive support plate of the
voltage limiting device.
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Fig. 1 shows a DC-powered rail vehicle together with the voltage limiting device
according to the invention. The rail vehicle 1 has wheels 1A, which run on a rail 2.
The rail 2 of the railway system is insulated from the ground 3. The electrical
resistance of the rail 2 results in the occurrence of a potential difference between
the rail vehicle 1 or the rail 2 and the ground 3. The voltage limiting device 4
prevents the occurrence of impermissible contact voltages during normal railway
operation or in the event of an error (short circuit). The voltage limiting device 4 is
installed between the rail 2 and the grounding system and can establish an
electrical connection between the rail 2 and ground 3 (grounding short-circuiter).

Fig. 2 shows the essential components of the voltage limiting device 4 in a highly
simplified schematic representation. The voltage limiting device 4 comprises a
switching device 5 for producing an electrical connection between one or more
cables 7 which lead to a component or an assembly - not shown - of the rall
energy supply system, such as rail 2, and one or more cables 6 which are
connected to the grounding system - not shown -, or to other metallic components

to be protected.

The switching device 5 has a single-pole or multi-pole contactor 5A, which belongs
to the prior art. In the present embodiment, the contactor 5A comprises two
parallel switching poles 8, 8', each having a fixed switching contact 9, 9' and a
movable switching contact 10, 10'. The fixed switching contacts 9, 9 'are
electrically connected to one terminal 11 of the contactor 5, and the movable
switching contacts 10, 10" are electrically connected to the other terminal 12 of the
contactor 5A.

The contactor 5A may also have other components, such as a so-called arc
blowout chimney, which belong to the prior art. To actuate the movable switching
contacts 10, 10, the switching device 5 comprises an electromagnetic actuator
unit 5B, which may have various components such as a coil and a magnetic
armature to actuate a shaft 5C by means of which the movable switching contacts
10, 10" are moved. The arrangement here is arbitrary.



DK/EP 3611747 T3

The electrical connection between one terminal 11 of the contactor 5A and cable 6
is affected by means of conductor A, and the electrical connection between the
other terminal 12 of the contactor 5A and cable 7 is effected by means of
conductor B.

In addition, the voltage limiting device 4 can also comprise an operating and/or
control unit 13, which can form a common assembly. These components as well
as other components of the voltage limiting device, which are not shown, are
located in a control cabinet 14 which should have the smallest possible

dimensions.

Fig. 3 shows a view of the cabinet 14 in a simplified perspective view. In the
position shown in Figure 3, the control cabinet 14 has four vertical profile bars
14A, 14B, 14C, and 14D to which a front part 15, a rear part 16, a left side part 17,
a right-side part 18, a top part 19 and a bottom part 20 are attached. The front part
15 is a pivotable door which is fixed to side hinges 15A, 15B on the right side of
the cabinet 14.

The arrangement of the individual components of the voltage limiting device 4 in
the control cabinet 14 will be described below with reference to Figures 310 5. The
parts of Figure 2 are denoted by the same reference signs in Figures 3 to 5.

The operating and control unit 13 of the voltage limiting device 4 is inserted into
the upper part of the door 15 of the control cabinet 14, so that the operating
elements 13A are accessible from the outside. The rear part of the operating and
control unit 13 extends into the upper half of the cabinet 14.

The rear part 16 of the cabinet 14, i.e. the rear wall thereof, is a metal plate,
preferably made of aluminium, which functions as both an electrically conductive
support plate and a mounting plate. In the present exemplary embodiment, a
cable terminal 21 is fastened to the support plate 16 on the right side in the lower
area of the control cabinet, the cable terminal comprising a connection plate 21A,
preferably a copper plate, which is electrically-conductively connected to the

support plate 16, with two cable lugs 21B in the present embodiment, to each of
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which a connecting cable 6 is connected which leads to a grounding system, not

shown.

The contactor 5A and the actuator 5B of the switching device 5 of the voltage
limiting device 4 are fastened in the upper half of the cabinet 14 to a support rail
23 (for example, called bars) extending between the left and right-side part 17, 18
of the cabinet 14. Contactor 5A and actuator 5B are at a sufficient distance from
the electrically conductive support plate 16, which is the rear wall of the cabinet in
the present embodiment and lie in a plane parallel to the support plate. The
horizontal actuating shaft 5C extends in this plane between the contactor 5A and

the actuator 5B.

One terminal 11 of the contactor 5A is electrically connected to the support plate
16. The electrical connection to the support plate 16 is achieved by means of a
bus bar 24, for example a Z-shaped, L-shaped or U-shaped copper rail with a
sufficient cross section which extends from the support plate 16 to the one
terminal 11 of the contactor 5A in the front plane of the cabinet 14. The other
terminal 12 of the contactor 5A is electrically connected to the other cable terminal
25 which comprises a terminal plate 25A, preferably a copper plate, in the present
embodiment with two cable lugs 25B, for connecting two connecting cables 7. The
electrical connection to this cable terminal 25 is achieved by means of a busbar
26, preferably a flat copper rail with a sufficient cross section. This bus bar 26 and
this cable terminal 25 are disposed in the front plane at a sufficient distance from
the support plate 16. The bus bar 26 is fastened to the support plate using an
insulator 27, and the terminal plate 25B of the cable terminal 25 is fixed to the
support plate using an insulator 28.

In the control cabinet, further components of the voltage limiting device may be
provided, but they are not essential to the invention. One of these components is
designated by the reference sign 29 in the figures.

In the present embodiment, the contactor 5A is disposed on the left side, and the
actuator 5B is disposed on the right side of the cabinet 14. However, the contactor
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and related connection components can also be disposed on the right side and
the actuator disposed on the left side of the cabinet.

The electrically conductive support plate 16 serves as conductor A for the flow of
current from the one cable terminal 21 to the one terminal 11 of the switching
device 5A. From the other terminal 12 of the switching device 5A, the current flows
by way of the bus bar 26 to the other cable terminal 25. However, the support
plate 16 serves not only as an electrical conductor but can also be used as a
mounting plate for the bus bar 26 of conductor B, which does not comprise the
support plate, and for terminal plate 25A of the other cable terminal 25. As a
result, assembly is simplified, and a compact design is achieved. In addition, other
secondary components, such as clamps or relays, can be mounted on the support
plate.

A decisive advantage of the electrically conductive support plate 16 is that, due to
the current displacement in the support plate 16, the switching contacts 9, 9 'and
10, 10" of the contactor 5A are relieved.

Fig. 6 shows the current flow through the bipolar contactor 5A and the support
plate 16. The current flow in this document will be explained with reference to a
current flow direction. In practice, bi-directional (in both directions) current flows
are possible, with the illustrated principle being applied accordingly. In the present
embodiment, it is assumed that the current | flows from the one cable terminal 21
through the support plate 16 to the one terminal 11 of the contactor 5A, through
the two parallel switching poles 8, 8’ of the contactor 5A to the other terminal 12 of
the contactor and through the bus bar 26 to the other cable terminal 25. In the
above-described spatial arrangement of the individual components, the currents I+
and Iz in the conductive parts of the two switching poles 8, 8' flow in the same
direction. The current | in the support plate 16 and the currents |1 and Iz in the two
switching poles flow in the opposite direction.

The voltage limiting device according to the invention differs from the known
voltage limiting devices in particular in that the current to the one terminal of the

switching device does not flow through a narrow electrical conductor (busbar),
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which extends in close spatial proximity to the switching device, but rather flows
through the support plate.

Due to the current flow through a narrow electrical conductor (busbar) in a voltage
limiting device according to the prior art, which is indicated by a dashed line in
Figure 6, electromagnetic forces that cause the current | flowing through the
contactor of the switching device in the direction of the switching pole 8 outside
on the left in Figure 6 to be displaced act on the electrically-conductive parts of the
switching poles 8, 8 'of the contactor 5A, in particular on the switching contacts 10,
10" thereof, wherein it is assumed that no current displacement occurs in the
narrow electrical conductor (busbar), which acts as a "fixed electrical conductor".
Consequently, the current |1 is greater than the current l2. As a result of the higher
current flow, greater forces act on the switching contacts of the left switching pole
8, which cause the forces required to close this switch to be greater.
Consequently, this switch must be made larger, for example the spring assemblies
thereof must be designed stronger in order to ensure proper closing of the switch.
Otherwise, because of the high currents, there is a risk that the switch will burn

away when closing or conducting the current.

In contrast, in the voltage limiting device according to the invention instead of the
narrow electrical conductor (busbar), the electrically conductive support plate is
provided. In the voltage limiting device according to the invention, a current
displacement occurs in the support plate 16. In Fig. 6, the current flow through the
support plate is indicated by a solid line. The current displacement takes place in
the opposite direction as the contactor 5A, which is indicated in Fig. 6 by an arrow.
It has been shown that owing to the current displacement in the support plate 16,
the strength of current |1 of the current flowing through the outer, left switching
pole 8 largely corresponds to the strength of current I2 of the current flowing
through the inner, right switching pole 8'. Due to the current displacement in the
support plate 16, smaller electromagnetic forces act on the switching contacts 10,
10’ of the contactor 5A so that the switching contacts thereof are relieved.

Therefore, the switching contacts can be dimensioned to be weaker.
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P ATENTI KR RAYV

1. Kontaktskab, som frembyder et frontparti (15) og et bagparti (16), et venstre sideparti (17) og hgjre
sideparti (18) og et toppladeparti (19) og et bundparti (20), hvor der i kontaktskabet er indrettet en spaendings-
begransningsanordning, som udviser en elektromagnetisk betjenbar kontaktanordning (5), med hvilken kan
tilvejebringes en elektrisk forbindelse mellem et fgrste kabeludtag (21) og et andet kabeludtag (25), hvor en
elektrisk leder (A) elektrisk forbinder det fgrste kabeludtag (21) med kontaktanordningen (5), og en anden elek-
trisk leder (B) elektrisk forbinder det andet kabeludtag (25) med kontaktanordningen (5), hvor kontaktanordnin-
gen (5) rader over en flerpolet kontaktor (5A),

kendetegnet ved, at

en af de to elektriske ledere (A) omfatter en elektrisk ledende baereplade (16), som er anbragt pa bagsi-

den af kontaktskabet (14),

at den elektriske ledende baereplade (16) danner i det mindste en del af bagvaeggen (16) eller i det mind-

ste en del af en bagudvendt veeg i kontaktskabet (14),

at kontaktanordningen (5) er anbragt i et til den elektrisk ledende baereplade (16) parallelt forlgbende

plan,

hvor kontaktanordningens (5) kontaktor (5A) er anbragt foran baerepladen (16) i kontaktskabet i omradet

for en af kontaktskabets (14) to sidepartier (17, 18).

2. Kontaktskab ifglge krav 1, kendetegnet ved, at i det mindste dele (25A, 26) af den anden elektri-
ske leder (B) er fastgjort til den elektrisk ledende baereplade (16) ved hjzelp af mindst en isolator (27,28).

3. Kontaktskab ifglge krav 1 eller 2, kendetegnet ved, at den elektrisk ledende baereplade (16) be-
star af aluminium.

4. Kontaktskab ifglge et af kravene 1til 3, kendetegnet ved, at lederen (B), der ikke omfatter den
elektrisk ledende baereplade (16), frembyder en samleskinne (26), som er elektrisk forbundet med et af de to
kabeludtag (25).

5. Kontaktskab ifglge krav 4, kendetegnet ved, at samleskinnen (26) pa lederen (B), der ikke omfat-
ter den elektrisk ledende baereplade (16), og den elektrisk ledende bzereplade (16) er anbragt pa forskellige pla-
ner i kontaktskabet (14).

6. Kontaktskab ifglge krav 4 eller 5, kendetegnet ved, at samleskinnen (26) pa lederen (B), der ikke
omfatter den elektrisk ledende baereplade (16), og det med samleskinnen (26) elektrisk forbundne kabeludtag
(25) er anbragt i et plan.

7. Kontaktskab ifglge et af kravene 1 til6, kendetegnet ved, at lederen (A), der omfatter den elek-
trisk ledende baereplade (16), udviser en samleskinne (24), som straekker sig fra planet, hvori den elektrisk leden-
de baereplade (16) ligger, til planet, hvori kontaktanordningen (5A) er anbragt.

8. Kontaktskab ifglge et af kravene 1 til 7, kendete gn et ved, at kontaktanordningen (5A) er anbragt i
kontaktskabet (14) oven over det fgrste og andet kabeludtag (21, 25).

9. Kontaktskab ifglge et af kravene 1til 8, kendetegnet ved, at kontaktanordningen (5A) er fastgjort
til en baereskinne (23), der straekker sig mellem det venstre og hgjre sideparti (17, 18) af kontaktskabet (14).

10. Kontaktskab ifglge et af kravene 1til 9, kendetegnet ved, at det fgrste eller andet kabeludtag

(21, 25) er fastgjort elektrisk ledende til den elektrisk ledende baereplade (16).
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11. Kontaktskab ifglge et af kravene 1til 10, kendetegnet ved, at den elektrisk ledende bareplade
(16) og kabeludtaget (21) fastgjort elektrisk ledende til baerepladen (16) er forbundet til jord.

12. Kontaktskab ifglge et af kravene 1 til 11, kendetegnet ved, at kontaktoren (5A) i kontaktanord-
ningen (5) frembyder flere parallelforbundne kontaktpoler (8, 8'), som hver isaer har to skiftekontakter (9, 9’, 10,

10').
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