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Description 

 

Switchgear unit for switching high DC voltages 

 

The invention relates to a switchgear unit for 

switching high DC voltages, particularly for 

interrupting direct current between a direct current 

source and an electrical device, having two connections 

which project from a housing and which are electrically 

conductively coupled by means of a conductor path, and 

having a mechanical contact system, arranged between 

the first and second connections, having two contacts 

which can move relative to one another and can be 

transferred from a closed position to an open position, 

and also having an isolating apparatus, which can be 

tripped by means of a thermal fuse, for extinguishing 

an arc which is produced when the contacts are opened. 

In this context, a direct current source is intended to 

be understood to mean particularly a photovoltaic (PV) 

generator (solar installation), and an electrical 

device is intended to be understood to mean 

particularly an inverter. 

 

When relatively high DC voltages up to 1500 V (DC) are 

switched, the high field strengths (as a result of gas 

ionization) produce conductive channels in such 

switchgear units between the contact zones, said 

conductive channels being known as electrical arcs or 

arc plasmas. The arc produced when isolating the 

switching contacts needs to be extinguished as quickly 

as possible, since the arc releases a large amount of 

heat (gas temperature of several thousand degrees 

Kelvin) which results in severe heating of the 

switching contacts and of the surroundings. This severe 

heating can result in damage to the switchgear unit, 

for example burning of the switchgear unit, and also to 

the superordinate installation unit. 

 

Description Switchgear unit for switching high DC voltages The invention relates to a switchgear unit
for switching high DC voltages, particularly for interrupting direct current between a direct current
source and an electrical device, having two connections which project from a housing and which are
electrically conductively coupled by means of a conductor path, and having a mechanical contact
system, arranged between the first and second connections, having two contacts which can move
relative to one another and can be transferred from a closed position to an open position, and also
having an isolating apparatus, which can be tripped by means of a thermal fuse, for extinguishing an
arc which is produced when the contacts are opened. In this context, a direct current source is
intended to be understood to mean particularly a photovoltaic (PV) generator (solar installation), and
an electrical deviceisintended to be understood to mean particularly an inverter. When relatively high
DC voltages up to 1500 V (DC) are switched, the high field strengths (as a result of gas
ionization)produceconductivechannelsinsuch switchgear units between the contact zones, said
conductive channels being known as electrical arcs or arc plasmas. The arc produced when isolating
the switching contacts needs to be extinguished as quickly as possible, since the arc releases a large
amount of heat (gas temperature of several thousand degrees Kelvin) which results in severe heating
of the switching contacts and of the surroundings. This severe heating can result in damage to the
switchgear unit, for example burning of the switchgear unit, and also to the superordinate installation
unit. 



- 2 - 
 

 

DE 20 2008 010 312 U1 discloses a PV installation or 

solar installation having what is known as a PV 

generator, which for its part comprises grouped solar 

modules combined to form generator elements. The solar 

modules are connected in series or are in parallel 

lanes. Whereas a generator element outputs its direct 

current power via two terminals, the direct current 

power of the entire PV generator is fed to an AC 

voltage system via an inverter. In order to keep down 

the wiring complexity and power losses between the 

generator elements and the central inverter in this 

case, what are known as generator terminal boxes are 

arranged close to the generator elements. The direct 

current power accumulated in this way is usually routed 

to the central inverter by means of a common cable. 

 

Depending on the system, PV installations continuously 

deliver an operating current and an operating voltage 

in a range between 180 V (DC) and 1500 V (DC). Reliable 

isolation of the electrical components or devices from 

the PV installation acting as a direct current source 

is desirable for installation, assembly or servicing 

purposes, for example, and also particularly for the 

general protection of persons. An appropriate isolating 

apparatus needs to be capable of performing 

interruption under load, that is to say without prior 

disconnection of the direct current source. 

 

For load isolation, it is possible to use mechanical 

switches (switching contact). These have the advantage 

that when the contacts have been opened there is 

likewise DC isolation produced between the electrical 

device (inverter) and the direct current source (PV 

installation). 

 

Such switchgear units are known generally from the 

prior art. The arcs produced when the contacts are 

opened under load are quickly moved to extinguishing 

DE 20 2008 010 312 Ul discloses a PV installation or solar installation having what is known as a PV
generator, which for its part comprises grouped solar modules combined to form generator elements.
The solar modules are connected in series or are in parallel lanes. Whereas a generator element
outputs its direct current power via two terminals, the direct current power of the entire PV generator is
fed to an AC voltage system via an inverter. In order to keep down the wiring complexity and power
losses between the generator elements and the central inverter in this case, what are known as
generator terminal boxes are arranged close to the generator elements. The direct current power
accumulated in this way is usually routed to the central inverter by means of a common cable.
Depending on the system, PV installations continuously deliver an operating current and an operating
voltage in a range between 180 V (DC) and 1500 V (DC). Reliable isolation of the electrical
components or devices from the PV installation acting as a direct current source is desirable for
installation, assembly or servicing purposes, for example, and also particularly for the general
protection of persons. An appropriate isolating apparatus needs to be capable of performing
interruption under load, that is to say without prior disconnection of the direct current source. For load
isolation, it is possible to use mechanical switches (switching contact). These have the advantage that
when the contacts have been opened there is likewise DC isolation produced between the electrical
device (inverter) and the direct current source (PV installation). Such switchgear units are known
generally from the prior art. The arcs produced when the contacts are opened under load are quickly
moved to extinguishing  apparatuses provided for this purpose, where the appropriate arc
extinguishing takes place. The force required for this is provided by magnetic fields, what are known
as blowing fields, which are typically produced by one or more permanent magnets. Special design of
the contact zones and of the arc conducting piece routes the arc into appropriate extinguishing
chambers, where the arc extinguishing takes place on the basis of known principles. 
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apparatuses provided for this purpose, where the 

appropriate arc extinguishing takes place. The force 

required for this is provided by magnetic fields, what 

are known as blowing fields, which are typically 

produced by one or more permanent magnets. Special 

design of the contact zones and of the arc conducting 

piece routes the arc into appropriate extinguishing 

chambers, where the arc extinguishing takes place on 

the basis of known principles. 

 

Such extinguishing chambers comprise arc splitter 

stacks, for example. The materials used for the arc 

splitters are usually ferromagnetic materials, since 

the magnetic field which accompanies the arc strives to 

run through the arc splitters, which exhibit better 

magnetic conduction, in the vicinity of a ferromagnetic 

material. This produces a suction effect in the 

direction of the arc splitters, which effect results in 

the arc moving toward the arrangement of the arc 

splitters and being split between the latter. 

 

In simple mechanical switchgear units, numerous sources 

of fault arise in practice which have an adverse effect 

on safe switching or even render it impossible. One 

possible fault is the absence of an arc-extinguishing 

part, such as an arc splitter or a blowing magnet. In 

addition, incorrectly assembled parts, for example as a 

result of the blowing magnet being inserted with the 

wrong polarity, can also likewise result in the 

switchgear unit failing. Particularly in the case of 

hybrid switch systems, there are further opportunities 

for fault on account of missing or defective electronic 

parts. 

 

In order to put the PV installation into a state which 

is safe for humans and the installation in the event of 

such instances of fault occurring, the circuit needs to 

be permanently isolated so that the user can identify 

Such extinguishing chambers comprise arc splitter stacks, for example. The materials used for the arc
splitters are usually ferromagnetic materials, since the magnetic field which accompanies the arc
strives to run through the arc splitters, which exhibit better magnetic conduction, in the vicinity of a
ferromagnetic material. This produces a suction effect in the direction of the arc splitters, which effect
results in the arc moving toward the arrangement of the arc splitters and being split between the latter.
In simple mechanical switchgear units, numerous sources of fault arise in practice which have an
adverse effect on safe switching or even render it impossible. One possible fault is the absence of an
arc-extinguishing part, such as an arc splitter or a blowing magnet. In addition, incorrectly assembled
parts, for example as a result of the blowing magnet being inserted with the wrong polarity, can also
likewise result in the switchgear unit failing. Particularly in the case of hybrid switch systems, there are
further opportunities for fault on account of missing or defective electronic parts. In order to put the PV
installation into a state which is safe for humans and the installation in the event of such instances of
fault occurring, the circuit needs to be permanently isolated so that the user can identify the fault and
can replace the switchgear unit. When the installation is transferred to this state, the switching housing
of the appliance must not be damaged or destroyed, so that the live portions remain insulated. The
transfer in such an instance of fault is effected by what is known as a failsafe element of the
switchgear unit, without the need for activation measures, for example manual intervention or the like,
to be taken beforehand. Typical failsafe elements are tripped by virtue of an admissible
material-dependent current density (current intensity per surface area) being exceeded. In this case,
an electrical conductor is melted and the circuit is interrupted. This is a customary method of
identifying and disconnecting overcurrents, as is used in safety fuses, for example. This method
cannot be used in PV installations, however, since it is not possible to assume a particular current
density or current level in this case. On the contrary, the tripping or fault detection needs to be effected
independently of current level. DE 10 2008 049 472 Al discloses a surge arrester having at least one
dissipation element, and also having a disconnection apparatus, in which it is firstly possible for the at
least one dissipation element to be disconnected in a manner implementable by thermal means.
Secondly, it is possible to bring about shorting in the event of further energy-related, in particular
thermal, loading. In this case, there is a thermally detachable stopping device in the path of movement
of a conductor section, moved by the disconnection apparatus, between a melting location and a
conductive element that forms an opposing contact. In the event of tripping and in the case of an
overload, the movement of the conductor section is interrupted by the stopping device before the end
position is reached. In the event  of a fault in which the disconnection apparatus cannot safely interrupt
the current and an arc is produced, or continues to exist, between the fixed connection of the
dissipation element and the conductor section, which corresponds to an additional input of heat, the
stopping action is cancelled and the moving conductor section is moved to the end position. The
clearance of the short and hence the disconnection of the surge arrester from the system are
undertaken in a manner which is known per se by an upstream overcurrent protection device,
particularly a fuse. A failsafe element of this kind is likewise not suitable for the application outlined
above, since, in this case too, the fault detection does not take place until a particular overcurrent has
been reached. An arc which is present would also arise in the electric energy range of the switchgear
unit at relatively high voltages in the event of a fault. 
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the fault and can replace the switchgear unit. When the 

installation is transferred to this state, the 

switching housing of the appliance must not be damaged 

or destroyed, so that the live portions remain 

insulated. The transfer in such an instance of fault is 

effected by what is known as a failsafe element of the 

switchgear unit, without the need for activation 

measures, for example manual intervention or the like, 

to be taken beforehand. 

 

Typical failsafe elements are tripped by virtue of an 

admissible material-dependent current density (current 

intensity per surface area) being exceeded. In this 

case, an electrical conductor is melted and the circuit 

is interrupted. This is a customary method of 

identifying and disconnecting overcurrents, as is used 

in safety fuses, for example. This method cannot be 

used in PV installations, however, since it is not 

possible to assume a particular current density or 

current level in this case. On the contrary, the 

tripping or fault detection needs to be effected 

independently of current level. 

 

DE 10 2008 049 472 A1 discloses a surge arrester having 

at least one dissipation element, and also having a 

disconnection apparatus, in which it is firstly 

possible for the at least one dissipation element to be 

disconnected in a manner implementable by thermal 

means. Secondly, it is possible to bring about shorting 

in the event of further energy-related, in particular 

thermal, loading. In this case, there is a thermally 

detachable stopping device in the path of movement of a 

conductor section, moved by the disconnection 

apparatus, between a melting location and a conductive 

element that forms an opposing contact. In the event of 

tripping and in the case of an overload, the movement 

of the conductor section is interrupted by the stopping 

device before the end position is reached. In the event 

The invention is based on the object of specifying a switchgear unit of the type cited at the outset
which can switch a high DC voltage reliably and safely. In particular, the switchgear unit is intended to
be suitable for performing direct current interruption between a direct current source, particularly a PV
generator, and an electrical device, particularly an inverter. In addition, the switchgear unit is intended
to be set up to extinguish an arc which is produced in the event of a fault and which is not
automatically extinguished within the switchgear unit, without the need for activation measures, for
example manual intervention or the like, to be taken beforehand. The invention achieves the object by
means of the features of claim 1. Advantageous refinements and developments are the subject matter
of the dependent claims.  To this end, the switchgear unit comprises two connections which project
from a housing and which are electrically conductively coupled by means of a conductor path.
Arranged between the first and second connections is a mechanical contact system having two
contacts which can move relative to one another and can be transferred from a closed position to an
open position. An isolating apparatus which can be tripped by means of a thermal fuse is used for
extinguishing an arc which is produced when the contacts are opened. The thermal fuse comprises a
melting location which is arranged in the conductor path and which is connected firstly to the contact
system and secondly via a moving conductor section to the first connection. In the event of a fault - on
account of the high voltage applied between the contact areas - an arc which is not automatically
extinguished can form under load when the contact system is opened. The isolating apparatus is
tripped and the connection between the conductor section and the contact system at the melting
location is broken when the arc has caused the melting temperature of the melting location to be
reached or exceeded. The arc produced in the event of a fault is very energy rich. In contrast to the
prior art, the thermal fuse is tripped or the melting location is melted by using not the current density in
the event of an overcurrent but rather the heat energy produced by the arc, which heat energy
increases disproportionately in the event of a fault. This results in failsafety for the switchgear unit,
which is tripped or has a fault detected independently of current level.  particularly for use in PV
installations. In addition, the backup for the switchgear unit is inexpensive to manufacture and
therefore meets the requirements of economic manufacturability. In one expedient embodiment, the
melting location is, in particular, a solder point which is broken when the response temperature is
reached or exceeded. The solder material used between the contact system and the conductor section
may be a fusible alloy, such as an aluminum/silicon/tin alloy or other generally known low-melting-point
alloys. The melting point of such alloys is usually in the range from 150C to 250C. This means that
during rated operation the current is carried safely without tripping the thermal fuse. Alternatively, it is
conceivable for other temperature-sensitive and electrically conductive materials to be used as a
melting location material, such as an electrically conductive plastic. 
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of a fault in which the disconnection apparatus cannot 

safely interrupt the current and an arc is produced, or 

continues to exist, between the fixed connection of the 

dissipation element and the conductor section, which 

corresponds to an additional input of heat, the 

stopping action is cancelled and the moving conductor 

section is moved to the end position. The clearance of 

the short and hence the disconnection of the surge 

arrester from the system are undertaken in a manner 

which is known per se by an upstream overcurrent 

protection device, particularly a fuse. 

 

A failsafe element of this kind is likewise not 

suitable for the application outlined above, since, in 

this case too, the fault detection does not take place 

until a particular overcurrent has been reached. An arc 

which is present would also arise in the electric 

energy range of the switchgear unit at relatively high 

voltages in the event of a fault. 

 

The invention is based on the object of specifying a 

switchgear unit of the type cited at the outset which 

can switch a high DC voltage reliably and safely. In 

particular, the switchgear unit is intended to be 

suitable for performing direct current interruption 

between a direct current source, particularly a PV 

generator, and an electrical device, particularly an 

inverter. In addition, the switchgear unit is intended 

to be set up to extinguish an arc which is produced in 

the event of a fault and which is not automatically 

extinguished within the switchgear unit, without the 

need for activation measures, for example manual 

intervention or the like, to be taken beforehand. 

 

The invention achieves the object by means of the 

features of claim 1. Advantageous refinements and 

developments are the subject matter of the dependent 

claims. 

According to the field of application, selection of the conductive and/or insulating materials of the
switchgear unit allows a corresponding variation in the response temperature and/or tripping time to be
achieved. It is also conceivable for suitable dimensioning and compilation of the materials used to
allow such a switchgear unit to be used for lower voltages too.
Inoneadvantageousdevelopment,theisolating apparatus comprises a prestressed spring element. The
spring restoring force acts indirectly or directly on the moving conductor section in a breaking direction.
If the melting location is heated inadmissibly in the event of a fault, it is melted and the switchgear unit
consequently prompts a system interruption on account of the spring restoring force. In particular, the
prestressed spring element therefore allows automatic  system interruption without the need for an
activation measure to be taken by a person in the event of a fault. When the melting location is broken,
an arc likewise forms between the contact system on the one hand and the moving conductor section
on the other. On account of the spring restoring force, the conductor section is moved away from the
contact system and therefore the arc or the arc plasma is artificially extended. If this arc is
extinguished in this manner, the arc between the contact areas of the contact system is also
extinguished. The direct current source consequently has DC isolation from the electrical device. In
one suitable embodiment, the spring element deflects the conductor section about a pivot point, which
is at a distance from the melting location, when the isolating apparatus is tripped. The pivot angle
covered in this case is greater than or equal to 90, in particular. The pivoting of the conductor section
artificially extends the second arc and therefore cools it further. This additional extension or cooling
ensures that the distance between the contact system and the conductor section is opened as quickly
and as wide as possible in order to extinguish the (second) arc produced when the conductor section
is detached and also the (first) arc which is present on the contact system. In this case, the spring
restoring force is chosen to be of appropriately large enough size for the conductor section to be
pivoted as quickly as possible, so that damage to the switching housing by the arcs is advantageously
prevented. In one suitable embodiment, the housing of the switchgear unit has an insulating chamber
which adjoins the melting location. When the isolating apparatus has been tripped, the conductor
section is pushed into this  
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To this end, the switchgear unit comprises two 

connections which project from a housing and which are 

electrically conductively coupled by means of a 

conductor path. Arranged between the first and second 

connections is a mechanical contact system having two 

contacts which can move relative to one another and can 

be transferred from a closed position to an open 

position. An isolating apparatus which can be tripped 

by means of a thermal fuse is used for extinguishing an 

arc which is produced when the contacts are opened. The 

thermal fuse comprises a melting location which is 

arranged in the conductor path and which is connected 

firstly to the contact system and secondly via a moving 

conductor section to the first connection. 

 

In the event of a fault – on account of the high 

voltage applied between the contact areas – an arc 

which is not automatically extinguished can form under 

load when the contact system is opened. The isolating 

apparatus is tripped and the connection between the 

conductor section and the contact system at the melting 

location is broken when the arc has caused the melting 

temperature of the melting location to be reached or 

exceeded. 

 

The arc produced in the event of a fault is very energy 

rich. In contrast to the prior art, the thermal fuse is 

tripped or the melting location is melted by using not 

the current density in the event of an overcurrent but 

rather the heat energy produced by the arc, which heat 

energy increases disproportionately in the event of a 

fault. This results in failsafety for the switchgear 

unit, which is tripped or has a fault detected 

independently of current level. 

 

The thermal fuse in the switchgear unit therefore 

serves as a failsafe element which is suitable 

insulating chamber as a result of the spring restoring force. The insulating chamber is used for the
physical and hence insulating isolation of the conductor section from the contact system, which
advantageously assists in extinguishing the arc. In a similarly suitable embodiment, the isolating
apparatus has an isolating element which is held in the housing so as to move and which is directed
against the conductor section. The melting location is naturally sensitive to external forces acting on it.
On account of the aforementioned spring restoring force of the isolating apparatus on the conductor
section, the melting location is subjected to relatively intense loading. As a result of the isolating
element, the restoring force can begin effectively on a relatively large contact area on the conductor
section. In other words, this means that the resulting torque acting at the melting location is
advantageously reduced. As a result, there is less mechanical stress applied to the melting location. In
one suitable embodiment of the invention, the isolating element also begins close to the melting
location on the conductor section, as a result of which the power arm and hence the effective torque at
the melting location are reduced further. This torque, or the power arm length and/or the isolating
element dimensioning, can be used as an additional parameter for dimensioning the response
temperature and/or the tripping time for the dropout fuse in the switchgear unit or the isolating
apparatus. In one expedient development, when the isolating apparatus has been tripped, the
conductor section is covered by the isolating element so as to be at least partially insulated from the
melting location, as a result of which the arc is advantageously suppressed.  - 10 - In one expedient
refinement of the switchgear unit, the isolating element is directed in the housing so as to move in
sliding fashion and, when the isolating apparatus is tripped, is moved into the insulating chamber
together with the conductor section by the spring restoring force. As a result, the conductor section is
covered completely in the tripped state. When the isolating apparatus is tripped, the further arc is
squeezed in between the isolating element and the insulating chamber, on account of the conductor
section being pivoted. Particularly fast and safe extinguishing of the arc is ensured by virtue of its
being squeezed in. In one preferred embodiment, the spring element in this case is a compression
spring which pushes the isolating element into the insulating chamber in the breaking direction. To this
end, the isolating element and the insulating chamber are of geometrically complementary design, so
that the arc can be squeezed into the chamber and the conductor section can be completely
concealed from the contact system by the isolating element. In this case, the squeezing-in length can
be expediently matched to the performance parameters of the direct current source. In an alternative,
likewise advantageous refinement of the switchgear unit, the isolating element is held in the housing
so as to move in rotary fashion. When the isolating apparatus is tripped, the conductor section is
pivoted by the isolating element about the pivot point, which is at a distance from the melting location.
In one expedient embodiment, the spring element is a leg spring by means of which a pivot lever
pivots the conductor section in the event of a fault. 
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particularly for use in PV installations. In addition, 

the backup for the switchgear unit is inexpensive to 

manufacture and therefore meets the requirements of 

economic manufacturability. 

 

In one expedient embodiment, the melting location is, 

in particular, a solder point which is broken when the 

response temperature is reached or exceeded. The solder 

material used between the contact system and the 

conductor section may be a fusible alloy, such as an 

aluminum/silicon/tin alloy or other generally known 

low-melting-point alloys. The melting point of such 

alloys is usually in the range from 150°C to 250°C. 

This means that during rated operation the current is 

carried safely without tripping the thermal fuse. 

Alternatively, it is conceivable for other temperature-

sensitive and electrically conductive materials to be 

used as a melting location material, such as an 

electrically conductive plastic. 

 

According to the field of application, selection of the 

conductive and/or insulating materials of the 

switchgear unit allows a corresponding variation in the 

response temperature and/or tripping time to be 

achieved. It is also conceivable for suitable 

dimensioning and compilation of the materials used to 

allow such a switchgear unit to be used for lower 

voltages too. 

 

In one advantageous development, the isolating 

apparatus comprises a prestressed spring element. The 

spring restoring force acts indirectly or directly on 

the moving conductor section in a breaking direction. 

If the melting location is heated inadmissibly in the 

event of a fault, it is melted and the switchgear unit 

consequently prompts a system interruption on account 

of the spring restoring force. In particular, the 

prestressed spring element therefore allows automatic 

In a simple form of the invention, the contact system comprises a moving contact and a fixed contact.
Arranged between the fixed contact and the melting location is an electrically conductive contact
carrier which couples the fixed contact and the melting location so as to conduct heat. Instead of a
moving contact and a fixed contact, two moving contacts may also be provided. In this case, the
thermal capacity or the melting point of the contact carrier is higher than that of the melting location. In
one expedient embodiment, the contact carrier is produced from a material which is a good conductor
of heat and electricity, such as copper, so that fast and reliable tripping of the isolating apparatus is
ensured. In order to support the thermal conductivity (flow of heat per cross-sectional area and
temperature gradient), the contact carrier can be shaped and dimensioned accordingly, for example by
virtue of a taper on the carrier. In one suitable development, the moving contact is coupled to a rocker
lever for manually operating the contact system by means of a trip mechanism. In one typical
embodiment, the tripping mechanism, the moving contact and the fixed contact form a (mechanical)
snap contact system. In the case of such snap contact, the contacts are - as a result of operation -
removed from one another as quickly as possible, typically in a few milliseconds, typically by a
prestressed leg spring. This normally allows a (first) arc produced to be extinguished, so that the
isolating apparatus is not tripped. In a typical embodiment of the switchgear unit, the movable
conductor section is a flexible connecting element, particularly a stranded conductor, the fixed end of
which is soldered nondetachably to the first connection, and the loose end of which is soldered at  - 12
- the melting location, preferably to the contact carrier. In a similarly typical embodiment, the housing
of the switchgear unit holds the conductor path, the mechanical contact system, the isolating
apparatus and the thermal fuse. As a result, the live portions of the switchgear unit are insulated from
the surroundings. In particular, this advantageously protects a person operating the switchgear unit
from the high voltages and currents which are applied. In one advantageous refinement, the housing
and the isolating element are made from a thermally stable plastic material, particularly from a
thermoset material. This ensures that the high level of heat generation on account of the arc does not
damage or destroy the switchgear housing. As a result, the live portions continue to be insulated so as
to be safe to touch in the event of a fault. In addition, it is ensured that the isolating element is not
damaged or destroyed by the second arc in the region of the melting location. As a result, the isolating
element can reliably isolate the switchgear unit from the system in the event of a fault. 



- 8 - 
 

 

system interruption without the need for an activation 

measure to be taken by a person in the event of a 

fault. 

 

When the melting location is broken, an arc likewise 

forms between the contact system on the one hand and 

the moving conductor section on the other. On account 

of the spring restoring force, the conductor section is 

moved away from the contact system and therefore the 

arc or the arc plasma is artificially extended. If this 

arc is extinguished in this manner, the arc between the 

contact areas of the contact system is also 

extinguished. The direct current source consequently 

has DC isolation from the electrical device. 

 

In one suitable embodiment, the spring element deflects 

the conductor section about a pivot point, which is at 

a distance from the melting location, when the 

isolating apparatus is tripped. The pivot angle covered 

in this case is greater than or equal to 90°, in 

particular. The pivoting of the conductor section 

artificially extends the second arc and therefore cools 

it further. This additional extension or cooling 

ensures that the distance between the contact system 

and the conductor section is opened as quickly and as 

wide as possible in order to extinguish the (second) 

arc produced when the conductor section is detached and 

also the (first) arc which is present on the contact 

system. In this case, the spring restoring force is 

chosen to be of appropriately large enough size for the 

conductor section to be pivoted as quickly as possible, 

so that damage to the switching housing by the arcs is 

advantageously prevented. 

 

In one suitable embodiment, the housing of the 

switchgear unit has an insulating chamber which adjoins 

the melting location. When the isolating apparatus has 

been tripped, the conductor section is pushed into this 

In one suitable embodiment, the isolating element and/or the insulating chamber are made from a
plastic material which degases in the event of fire, particularly from polyamide. By way of example,
polycarbonate or polyoxymethylene are likewise suitable. The plastic degassing operations
advantageously contribute to fast extinguishing of the (second) arc. In particular, the gases hamper
ionization of the air gap in the region of the severed melting location, or help said ionization to die
down faster.  - 13 - The interaction with the choice of suitable plastics for housing, insulating chamber
and isolating element, the shape and the material of the contact carrier and the dimensioning of the
squeezing-in and also the torque acting on the melting location allow exact tripping of the isolating
apparatus in the event of a fault and reliable extinguishing of the arc.
Inrespectofadisconnectionapparatusfor interrupting direct current between a direct current source and
an electrical device, particularly between a PV generator and an inverter, the stated object is achieved
by the features of claim 16. Accordingly, the apparatus comprises a live switchgear unit according to
the invention. In one expedient embodiment of the switchgear unit, the connections and the housing
are, to this end, suitable and set up for a printed circuit board assembly. In the case of the preferred
used of the switchgear unit, the disconnection apparatus is therefore particularly suitable for reliable
and touch-safe interruption of direct current both between a PV installation and an inverter associated
therewith and in connection with a fuel cell installation or an accumulator (battery), for example.
Exemplary embodiments of the invention are explained in more detail below with reference to a
drawing, in which: 
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insulating chamber as a result of the spring restoring 

force. The insulating chamber is used for the physical 

and hence insulating isolation of the conductor section 

from the contact system, which advantageously assists 

in extinguishing the arc. 

 

In a similarly suitable embodiment, the isolating 

apparatus has an isolating element which is held in the 

housing so as to move and which is directed against the 

conductor section. The melting location is naturally 

sensitive to external forces acting on it. On account 

of the aforementioned spring restoring force of the 

isolating apparatus on the conductor section, the 

melting location is subjected to relatively intense 

loading. As a result of the isolating element, the 

restoring force can begin effectively on a relatively 

large contact area on the conductor section. In other 

words, this means that the resulting torque acting at 

the melting location is advantageously reduced. As a 

result, there is less mechanical stress applied to the 

melting location. 

 

In one suitable embodiment of the invention, the 

isolating element also begins close to the melting 

location on the conductor section, as a result of which 

the power arm and hence the effective torque at the 

melting location are reduced further. This torque, or 

the power arm length and/or the isolating element 

dimensioning, can be used as an additional parameter 

for dimensioning the response temperature and/or the 

tripping time for the dropout fuse in the switchgear 

unit or the isolating apparatus. 

 

In one expedient development, when the isolating 

apparatus has been tripped, the conductor section is 

covered by the isolating element so as to be at least 

partially insulated from the melting location, as a 

result of which the arc is advantageously suppressed. 

figure 1 shows a block diagram of the switchgear unit according to the invention with a failsafe system
between the PV generator and an inverter, figure 2 showsasectionalillustrationofthe switchgear unit in
a closed switching state,  - 14 - figure 3 showsasectionalillustrationofthe  switchgear unit shown in
figure 1 when the mechanical contact system is opened and when an arc is formed, figure 4
showsasectionalillustrationofthe  switchgear unit shown in figure 1 and in figure 2 after the failsafe
system has been tripped, 
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In one expedient refinement of the switchgear unit, the 

isolating element is directed in the housing so as to 

move in sliding fashion and, when the isolating 

apparatus is tripped, is moved into the insulating 

chamber together with the conductor section by the 

spring restoring force. As a result, the conductor 

section is covered completely in the tripped state. 

When the isolating apparatus is tripped, the further 

arc is squeezed in between the isolating element and 

the insulating chamber, on account of the conductor 

section being pivoted. Particularly fast and safe 

extinguishing of the arc is ensured by virtue of its 

being squeezed in. 

 

In one preferred embodiment, the spring element in this 

case is a compression spring which pushes the isolating 

element into the insulating chamber in the breaking 

direction. To this end, the isolating element and the 

insulating chamber are of geometrically complementary 

design, so that the arc can be squeezed into the 

chamber and the conductor section can be completely 

concealed from the contact system by the isolating 

element. In this case, the squeezing-in length can be 

expediently matched to the performance parameters of 

the direct current source. 

 

In an alternative, likewise advantageous refinement of 

the switchgear unit, the isolating element is held in 

the housing so as to move in rotary fashion. When the 

isolating apparatus is tripped, the conductor section 

is pivoted by the isolating element about the pivot 

point, which is at a distance from the melting 

location. In one expedient embodiment, the spring 

element is a leg spring by means of which a pivot lever 

pivots the conductor section in the event of a fault. 

 

figure 5 showsanexploded illustrationofthe switchgear unit, figure 6 shows a detail illustration of the
isolating apparatus, figure 7 shows a sectional illustration of details of the switchgear unit with an
alternative isolating apparatus, and figure 8 shows a sectional illustration of details of the switchgear
unit shown in figure 6 in the tripped failsafe state. Parts and magnitudes which correspond to one
another have always been provided with the same reference symbols in all figures. Figure 1
schematically shows a switchgear unit 1 which, in the exemplary embodiment, is connected between a
PV generator 2 and an inverter 3. The PV generator 2 comprises a number of solar modules 4 which
are directed, in a situation parallel to one another, to a common generator terminal box 5, which
effectively serves as an assembly point. In the main current path 6 representing the positive terminal,
the switchgear unit 1 essentially comprises two subsystems for DC isolation of the PV generator 2
from the inverter 3. The first subsystem is a manually operable mechanical contact system 7, and the
second subsystem is a failsafe system 8 which trips automatically in the event of a fault. In the return  
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In a simple form of the invention, the contact system 

comprises a moving contact and a fixed contact. 

Arranged between the fixed contact and the melting 

location is an electrically conductive contact carrier 

which couples the fixed contact and the melting 

location so as to conduct heat. Instead of a moving 

contact and a fixed contact, two moving contacts may 

also be provided. In this case, the thermal capacity or 

the melting point of the contact carrier is higher than 

that of the melting location. In one expedient 

embodiment, the contact carrier is produced from a 

material which is a good conductor of heat and 

electricity, such as copper, so that fast and reliable 

tripping of the isolating apparatus is ensured. In 

order to support the thermal conductivity (flow of heat 

per cross-sectional area and temperature gradient), the 

contact carrier can be shaped and dimensioned 

accordingly, for example by virtue of a taper on the 

carrier. 

 

In one suitable development, the moving contact is 

coupled to a rocker lever for manually operating the 

contact system by means of a trip mechanism. In one 

typical embodiment, the tripping mechanism, the moving 

contact and the fixed contact form a (mechanical) snap 

contact system. In the case of such snap contact, the 

contacts are – as a result of operation – removed from 

one another as quickly as possible, typically in a few 

milliseconds, typically by a prestressed leg spring. 

This normally allows a (first) arc produced to be 

extinguished, so that the isolating apparatus is not 

tripped. 

 

In a typical embodiment of the switchgear unit, the 

movable conductor section is a flexible connecting 

element, particularly a stranded conductor, the fixed 

end of which is soldered nondetachably to the first 

connection, and the loose end of which is soldered at 

- 15 - line 9, representing the negative terminal, of the switchgear unit 1 - and hence of the overall
installation - there may be further contact and failsafe systems 7, 8 connected in a manner which is not
shown in more detail. Figures 2 to 6 show a variant of the switchgear unit 1 according to the invention
in a detailed illustration. The switchgear unit 1 comprises a housing 10 from which two connections
(external connections) 11 and 12 project. The switchgear unit 1 is connected to the main current path
6 between the PV generator 2 and the inverter 3 by means of the connections 11 and 12. The contact
system 7 furthermore comprises a contact crossbar 15, which can be operated manually by means of
a rocker lever 13 and a coupling lever 14, as a moving contact and a contact carrier 16 as a fixed
contact is formed. The contacts or contact areas 17a and 17b between the contact crossbar 15 and
the contact carrier 16 are in the form of platelet-like contact elements. The contact crossbar 15 is
electrically conductively coupled to the connection 11 by means of a fixed stranded conductor 18, with
both the connection between the contact crossbar 15 and the stranded conductor 18 and the
connection between the stranded conductor 18 and the connection 11 being in the form of a weld joint.
The contact crossbar 15 is essentially hammer-shaped and made from an electrically conductive
metal, the contact area 17a being arranged at the hammer head end and resting on the contact area
17b in the closed position of the switchgear unit 1 (figure 2). The contact carrier 16 is made from
copper, which means that it has a high level of electrical and thermal conductivity. The contact carrier
16 has essentially the shape of a step, with the contact area 17b being  - 16 - arranged at the upper
step edge. The step body of the contact carrier 15 has a tapered cross section in order to increase the
thermal conductivity thereof. A moving stranded conductor 20 is electrically conductively coupled at
the lower step edge by means of a solder 19. 
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the melting location, preferably to the contact 

carrier. 

 

In a similarly typical embodiment, the housing of the 

switchgear unit holds the conductor path, the 

mechanical contact system, the isolating apparatus and 

the thermal fuse. As a result, the live portions of the 

switchgear unit are insulated from the surroundings. In 

particular, this advantageously protects a person 

operating the switchgear unit from the high voltages 

and currents which are applied. 

 

In one advantageous refinement, the housing and the 

isolating element are made from a thermally stable 

plastic material, particularly from a thermoset 

material. This ensures that the high level of heat 

generation on account of the arc does not damage or 

destroy the switchgear housing. As a result, the live 

portions continue to be insulated so as to be safe to 

touch in the event of a fault. In addition, it is 

ensured that the isolating element is not damaged or 

destroyed by the second arc in the region of the 

melting location. As a result, the isolating element 

can reliably isolate the switchgear unit from the 

system in the event of a fault. 

 

In one suitable embodiment, the isolating element 

and/or the insulating chamber are made from a plastic 

material which degases in the event of fire, 

particularly from polyamide. By way of example, 

polycarbonate or polyoxymethylene are likewise 

suitable. The plastic degassing operations 

advantageously contribute to fast extinguishing of the 

(second) arc. In particular, the gases hamper 

ionization of the air gap in the region of the severed 

melting location, or help said ionization to die down 

faster. 

 

The stranded conductor 20 may have an electrically insulating shield 21 which has been removed at
both ends of said stranded conductor. One of the conductor ends (fixed end) of the stranded conductor
20 is connected to the connection 12 nondetachably by welding, while the other conductor end (loose
end) is soldered to the contact carrier 15 by means of the solder 19. In the closed position of the
switchgear unit 1, the circuit is therefore closed by virtue of the two connections 11 and 12 and the
main current path 6. The current flows through a conductor path 22 which is thus formed, comprising
the connection 11, the stranded conductor 18, the contact crossbar 15, the contact areas 17a and 17b,
the contact carrier 16, the solder 19, the stranded conductor 20 and the connection 12. The conductor
path 22 runs in an approximate U shape within the housing 10. The housing 10 comprises an
electrically insulating and heat-resistant plastic and is - as can be seen in figure 5 - formed from two
complementary housing half-shells 10a and 10b. The half-shells 10a and 10b can be connected to one
another by four holes 23 using screws or rivets (not shown further). The holes 23 are arranged in an
even distribution on the housing 10 approximately at the corner points of an imaginary square.  - 17 -
switchgear units 1 arranged next to one another or a common printed circuit board is possible. The
housing 10 has an approximately U-shaped extent, with the two U limbs being connected to one
another by a horizontal portion. Projecting from this horizontal portion are the two connections 11 and
12, and at the U base at least partially the rocker lever 13. In addition, the half-shells 10a and 10b are
designed to have corresponding internal profile structures into which the individual parts of the
switchgear unit 1 can be inserted using the interlocking shapes or with play. The rocker lever 13 is
used not only for opening and closing the contact system 7 but also as an external visual indication of
the switching state of the switchgear unit 1, as can be seen in figure 4, in which the rocker lever 13 is
in the open position. When the rocker lever 13 is operated manually, an external force for toggling the
switch is converted into a pivot movement for the contact crossbar 15 by an articulation system 24.
The failsafe system 8 ensures permanent DC isolation between the PV generator 2 and the inverter 3.
The failsafe system 8 comprises the contact carrier 16, the solder 19, the stranded conductor 20, an
isolating apparatus 27 with a spiral compression spring 28 and a slider 29 and also an insulating
chamber 30. This variant embodiment of the isolating apparatus 27 is shown in more detail in figure 6.
The compression spring 28 is situated in a guide chamber 31 of the housing 10, with a pin-like
extension 32 of the guide chamber 31 being embraced at least in part by the compression spring 28.
The compression spring 28 pushes the slider 29 against the stranded conductor 20 on account of a
spring restoring force F. The slider 29 has an extension which is the form of a 
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The interaction with the choice of suitable plastics 

for housing, insulating chamber and isolating element, 

the shape and the material of the contact carrier and 

the dimensioning of the squeezing-in and also the 

torque acting on the melting location allow exact 

tripping of the isolating apparatus in the event of a 

fault and reliable extinguishing of the arc. 

 

In respect of a disconnection apparatus for 

interrupting direct current between a direct current 

source and an electrical device, particularly between a 

PV generator and an inverter, the stated object is 

achieved by the features of claim 16. Accordingly, the 

apparatus comprises a live switchgear unit according to 

the invention. 

 

In one expedient embodiment of the switchgear unit, the 

connections and the housing are, to this end, suitable 

and set up for a printed circuit board assembly. In the 

case of the preferred used of the switchgear unit, the 

disconnection apparatus is therefore particularly 

suitable for reliable and touch-safe interruption of 

direct current both between a PV installation and an 

inverter associated therewith and in connection with a 

fuel cell installation or an accumulator (battery), for 

example. 

 

Exemplary embodiments of the invention are explained in 

more detail below with reference to a drawing, in 

which: 

 

figure 1 shows a block diagram of the switchgear unit 

according to the invention with a failsafe 

system between the PV generator and an 

inverter, 

figure 2 shows a sectional illustration of the 

switchgear unit in a closed switching state, 

- 18 - finger 33 and which pushes directly against the stranded conductor 20. In this case, the finger 33
begins close to the solder 19, as a result of which the torque acting on the soldering, on account of the
spring restoring force F, is as low as possible. The guide chamber 31 and the insulating chamber 30
are at one level in a breaking direction A and are isolated from one another by the stranded conductor
20, which runs perpendicular thereto. The guide chamber 31 and the insulating chamber 30
furthermore have the same (slider-like) cross section. In the event of a fault, an arc 26 produced heats
the contact areas 17a and 17b and hence also the contact carrier 16 on account of the
disproportionately increasing heat generation. On account of the high thermal capacity of said contact
carrier, the solder 19 is heated to a comparable extent and is ultimately melted. As a result, the spring
restoring force F of the compression spring 28 moves the slider 29 into the insulating chamber 30 in
the breaking direction A. The slider 29 and the insulating chamber 30 are of geometrically
complementary design, which means that they can be pushed into one another without difficulty. The
squeezing-in length of the insulating chamber 30 expediently matches the performance parameters of
the PV generator 2 in this case. While the slider 29 is being moved into the insulating chamber 30, the
stranded conductor 20 is pivoted about a center of rotation 34, and is ultimately bent through
approximately 90 (figure 4). When the solder 19 melts and breaks, a second arc (not shown) is formed
between the contact carrier 16 and the loose end of the stranded conductor 20, which runs
approximately along the connecting line for these in the broken state. This second arc is firstly
extended, and thereby cooled, by - 19 - virtue of the slider 29 being moved and is secondly squeezed
in between the slider 29 and the insulating chamber 30 on account of the matching shape between
these, and hence extinguished. As soon as the second arc has been extinguished, the contact carrier
16 and the stranded conductor 20 are DC isolated, as a result of which the arc 26 is also
simultaneously extinguished. The finger 33 promotes the breaking of the soldering and completely
encapsulates or cuts off the second arc when it strikes the bottom of the insulating chamber 30. Both
the slider 29 and the internal walls of the insulating chamber 30 may be manufactured from a
degassing and electrically insulating plastic material. The heat generation in the surroundings of the
second arc, particularly in the region of the isolating apparatus 27, releases gases from these plastic
materials. The gases hamper ionization of the air gap in the region of the broken solder 19 or help the
ionization to die down faster. As a result, the second arc is easier for the isolating apparatus 27 to
extinguish. 
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figure 3 shows a sectional illustration of the 

switchgear unit shown in figure 1 when the 

mechanical contact system is opened and when 

an arc is formed, 

figure 4 shows a sectional illustration of the 

switchgear unit shown in figure 1 and in 

figure 2 after the failsafe system has been 

tripped, 

figure 5 shows an exploded illustration of the 

switchgear unit,  

figure 6 shows a detail illustration of the isolating 

apparatus, 

figure 7 shows a sectional illustration of details of 

the switchgear unit with an alternative 

isolating apparatus, and 

figure 8 shows a sectional illustration of details of 

the switchgear unit shown in figure 6 in the 

tripped failsafe state. 

 

Parts and magnitudes which correspond to one another 

have always been provided with the same reference 

symbols in all figures. 

 

Figure 1 schematically shows a switchgear unit 1 which, 

in the exemplary embodiment, is connected between a PV 

generator 2 and an inverter 3. The PV generator 2 

comprises a number of solar modules 4 which are 

directed, in a situation parallel to one another, to a 

common generator terminal box 5, which effectively 

serves as an assembly point. 

 

In the main current path 6 representing the positive 

terminal, the switchgear unit 1 essentially comprises 

two subsystems for DC isolation of the PV generator 2 

from the inverter 3. The first subsystem is a manually 

operable mechanical contact system 7, and the second 

subsystem is a failsafe system 8 which trips 

automatically in the event of a fault. In the return 

In the broken state (figure 4), the conductor path 22 of the switchgear unit 1 accordingly has two DC
isolation locations, namely firstly between the contact areas 17a and 17b and secondly between the
contact carrier 16 and the loose end of the stranded conductor 20. The materials and dimensions of
the switchgear unit 1and the isolating apparatus27 thereof are dimensioned asappropriateinorder
toensure interruption of direct current between the PV generator 2 and the inverter 3 within a few
milliseconds even in the event of a fault. - 20 - reference to figure 7 and figure 8, where - as an aid to
clarity - only the second half of the conductor path 22 (the contact carrier 16, the solder 19, the
stranded conductor 20 and the connection 12), which is relevant to the failsafe system 8, is shown.
The isolating apparatus 27' comprises a prestressed leg spring 35, an approximately hook-like pivot
head or lever 36 and an insulating chamber 30'. The internal profile of the housing 2 is set up and
shaped to correspond to the isolating apparatus 27'. In this embodiment, the insulating chamber 30' is
essentially the lower half (starting from the top hat rail 12) of the housing 10. The pivot head (pivot
lever) 36 is approximately L-shaped, with both the pivot head 36 and the insulating chamber 30' being
manufactured from a degassing electrically insulating plastic material. The upper corner 36a of the
horizontal L-limb of the pivot head 36 begins at the litz wire 20 in a similar manner to the finger 33 in
the variant described previously. Arranged at the lower end of the vertical L-limb of the pivot head 36 is
the prestressed leg spring 35. The leg spring 35 holds the pivot head 36 so as to move in pivot fashion
or in rotary fashion. When the solder 19 melts on account of the heat generation by the arc 26, the leg
spring 35 pivots the pivot head 36 on account of a spring restoring force F'. In this case, the litz wire 19
is pivoted about the center of rotation 34' through an angle of approximately 90 in the direction of the
lower right-hand corner of the housing 10 or of the insulating chamber 30'. 
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line 9, representing the negative terminal, of the 

switchgear unit 1 – and hence of the overall 

installation – there may be further contact and 

failsafe systems 7, 8 connected in a manner which is 

not shown in more detail. 

 

Figures 2 to 6 show a variant of the switchgear unit 1 

according to the invention in a detailed illustration. 

The switchgear unit 1 comprises a housing 10 from which 

two connections (external connections) 11 and 12 

project. The switchgear unit 1 is connected to the main 

current path 6 between the PV generator 2 and the 

inverter 3 by means of the connections 11 and 12. 

 

The contact system 7 furthermore comprises a contact 

crossbar 15, which can be operated manually by means of 

a rocker lever 13 and a coupling lever 14, as a moving 

contact and a contact carrier 16 as a fixed contact is 

formed. The contacts or contact areas 17a and 17b 

between the contact crossbar 15 and the contact carrier 

16 are in the form of platelet-like contact elements. 

 

The contact crossbar 15 is electrically conductively 

coupled to the connection 11 by means of a fixed 

stranded conductor 18, with both the connection between 

the contact crossbar 15 and the stranded conductor 18 

and the connection between the stranded conductor 18 

and the connection 11 being in the form of a weld 

joint. The contact crossbar 15 is essentially hammer-

shaped and made from an electrically conductive metal, 

the contact area 17a being arranged at the hammer head 

end and resting on the contact area 17b in the closed 

position of the switchgear unit 1 (figure 2). 

 

The contact carrier 16 is made from copper, which means 

that it has a high level of electrical and thermal 

conductivity. The contact carrier 16 has essentially 

the shape of a step, with the contact area 17b being 

In contrast to the first exemplary embodiment, the arc is not squeezed in but rather is merely artificially
extended, as a result of which the arc plasma can be  - 21 - extinguished on account of the resultant
cooling. In this case, the arc is extended to a substantially greater extent in comparison with the first
exemplary embodiment, since the stranded conductor 20 is not pushed in the direction of the
right-hand side wall but rather is pivoted into the lower corner. The switchgear unit 1, with the isolating
apparatus 27', is set up and suitable for ensuring interruption of direct current between the PV
generator 2 and the inverter within a few milliseconds, both in the normal case and in the event of a
fault. When the housing size is dimensioned in suitable fashion, the horizontal contact area of the
housing 10 on the top hat rail side is approximately 4 cm wide, the lateral edges of the housing are
approximately 6 cm Jong and the housing 10 is approximately 2 cm deep. The distance between the
contact areas 17a and 17b is approximately 1 cm in the open position, and the distance between the
contact carrier 15 and the loose end of the stranded conductor 20 after the isolating apparatus 27 or
27' has been tripped is at least 1.5 cm. The plastics for the housing 10, the insulating chamber 30/30'
and the slider 29 or pivot head 35, the shape and material of the contact carrier 16 and also the torque
acting on the solder 19 are chosen such that the switchgear unit 1 has a rated voltage of
approximately 1500 V (DC). The invention is not limited to the exemplary embodiments described
above. On the contrary, it is also possible for other variants of the invention to be derived by a person
skilled in the art without departing from the subject matter of the invention. In particular, all individual
features described in connection with the different exemplary embodiments can, furthermore, also be
combined with one another in  
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arranged at the upper step edge. The step body of the 

contact carrier 15 has a tapered cross section in order 

to increase the thermal conductivity thereof. A moving 

stranded conductor 20 is electrically conductively 

coupled at the lower step edge by means of a solder 19. 

 

The stranded conductor 20 may have an electrically 

insulating shield 21 which has been removed at both 

ends of said stranded conductor. One of the conductor 

ends (fixed end) of the stranded conductor 20 is 

connected to the connection 12 nondetachably by 

welding, while the other conductor end (loose end) is 

soldered to the contact carrier 15 by means of the 

solder 19. 

 

In the closed position of the switchgear unit 1, the 

circuit is therefore closed by virtue of the two 

connections 11 and 12 and the main current path 6. The 

current flows through a conductor path 22 which is thus 

formed, comprising the connection 11, the stranded 

conductor 18, the contact crossbar 15, the contact 

areas 17a and 17b, the contact carrier 16, the solder 

19, the stranded conductor 20 and the connection 12. 

The conductor path 22 runs in an approximate U shape 

within the housing 10. 

 

The housing 10 comprises an electrically insulating and 

heat-resistant plastic and is – as can be seen in 

figure 5 – formed from two complementary housing half-

shells 10a and 10b. The half-shells 10a and 10b can be 

connected to one another by four holes 23 using screws 

or rivets (not shown further). The holes 23 are 

arranged in an even distribution on the housing 10 

approximately at the corner points of an imaginary 

square. 

 

The housing 10 has an approximately rectangular cross 

section, so that simple assembly of a plurality of 

- 22 - a different way without departing from the subject matter of the invention.  - 23 - List of reference
symbols 1Switchgear unit19solder 2PV generator20Stranded conductor 3Inverter21Shield 4Solar
module22Conductor path 
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switchgear units 1 arranged next to one another or a 

common printed circuit board is possible. The housing 

10 has an approximately U-shaped extent, with the two U 

limbs being connected to one another by a horizontal 

portion. Projecting from this horizontal portion are 

the two connections 11 and 12, and at the U base at 

least partially the rocker lever 13. In addition, the 

half-shells 10a and 10b are designed to have 

corresponding internal profile structures into which 

the individual parts of the switchgear unit 1 can be 

inserted using the interlocking shapes or with play. 

 

The rocker lever 13 is used not only for opening and 

closing the contact system 7 but also as an external 

visual indication of the switching state of the 

switchgear unit 1, as can be seen in figure 4, in which 

the rocker lever 13 is in the open position. When the 

rocker lever 13 is operated manually, an external force 

for toggling the switch is converted into a pivot 

movement for the contact crossbar 15 by an articulation 

system 24. 

 

The failsafe system 8 ensures permanent DC isolation 

between the PV generator 2 and the inverter 3. The 

failsafe system 8 comprises the contact carrier 16, the 

solder 19, the stranded conductor 20, an isolating 

apparatus 27 with a spiral compression spring 28 and a 

slider 29 and also an insulating chamber 30. This 

variant embodiment of the isolating apparatus 27 is 

shown in more detail in figure 6. 

 

The compression spring 28 is situated in a guide 

chamber 31 of the housing 10, with a pin-like extension 

32 of the guide chamber 31 being embraced at least in 

part by the compression spring 28. The compression 

spring 28 pushes the slider 29 against the stranded 

conductor 20 on account of a spring restoring force F. 

The slider 29 has an extension which is the form of a 

5Terminal box23Hole 6Maincurrent 24Articulation system path 7Contact system26Arc 8Failsafe
system27, 27' Isolating apparatus 9Return line28Compression spring 10Switching29Slider housing
10a, 10b Half-shell30, 30' Insulating chamber 
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finger 33 and which pushes directly against the 

stranded conductor 20. In this case, the finger 33 

begins close to the solder 19, as a result of which the 

torque acting on the soldering, on account of the 

spring restoring force F, is as low as possible. 

 

The guide chamber 31 and the insulating chamber 30 are 

at one level in a breaking direction A and are isolated 

from one another by the stranded conductor 20, which 

runs perpendicular thereto. The guide chamber 31 and 

the insulating chamber 30 furthermore have the same 

(slider-like) cross section. 

 

In the event of a fault, an arc 26 produced heats the 

contact areas 17a and 17b and hence also the contact 

carrier 16 on account of the disproportionately 

increasing heat generation. On account of the high 

thermal capacity of said contact carrier, the solder 19 

is heated to a comparable extent and is ultimately 

melted. As a result, the spring restoring force F of 

the compression spring 28 moves the slider 29 into the 

insulating chamber 30 in the breaking direction A. The 

slider 29 and the insulating chamber 30 are of 

geometrically complementary design, which means that 

they can be pushed into one another without difficulty. 

The squeezing-in length of the insulating chamber 30 

expediently matches the performance parameters of the 

PV generator 2 in this case. 

 

While the slider 29 is being moved into the insulating 

chamber 30, the stranded conductor 20 is pivoted about 

a center of rotation 34, and is ultimately bent through 

approximately 90° (figure 4). When the solder 19 melts 

and breaks, a second arc (not shown) is formed between 

the contact carrier 16 and the loose end of the 

stranded conductor 20, which runs approximately along 

the connecting line for these in the broken state. This 

second arc is firstly extended, and thereby cooled, by 

11, 12Connection31Guide chamber 13Rocker lever32Guide extension 14Coupling lever33Finger
extension 15Contact crossbar 34Center of rotation 16Contact carrier35Leg spring 17a, 17b Contact
area36Pivot head/lever 18Stranded36aPivot head tip conductor ABreaking direction 
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virtue of the slider 29 being moved and is secondly 

squeezed in between the slider 29 and the insulating 

chamber 30 on account of the matching shape between 

these, and hence extinguished. As soon as the second 

arc has been extinguished, the contact carrier 16 and 

the stranded conductor 20 are DC isolated, as a result 

of which the arc 26 is also simultaneously 

extinguished. The finger 33 promotes the breaking of 

the soldering and completely encapsulates or cuts off 

the second arc when it strikes the bottom of the 

insulating chamber 30. 

 

Both the slider 29 and the internal walls of the 

insulating chamber 30 may be manufactured from a 

degassing and electrically insulating plastic material. 

The heat generation in the surroundings of the second 

arc, particularly in the region of the isolating 

apparatus 27, releases gases from these plastic 

materials. The gases hamper ionization of the air gap 

in the region of the broken solder 19 or help the 

ionization to die down faster. As a result, the second 

arc is easier for the isolating apparatus 27 to 

extinguish. 

 

In the broken state (figure 4), the conductor path 22 

of the switchgear unit 1 accordingly has two DC 

isolation locations, namely firstly between the contact 

areas 17a and 17b and secondly between the contact 

carrier 16 and the loose end of the stranded conductor 

20. The materials and dimensions of the switchgear unit 

1 and the isolating apparatus 27 thereof are 

dimensioned as appropriate in order to ensure 

interruption of direct current between the PV generator 

2 and the inverter 3 within a few milliseconds even in 

the event of a fault. 

 

A second variant embodiment of the switchgear unit 1 

with an isolating apparatus 27’ is explained below with 

F, F'Spring force  - 24 - Claims 1. A switchgear unit (1) for switching high DC voltages, having two
connections (11, 12) which project from a housing (10)and which are electrically conductively coupled
by means of a conductor path (22), and having a mechanical contact system (7), arranged between
the first and second connections (11, 12), having two contacts (15, 16) which can move relative to one
another and can be transferred from a closed position to an open position, and also having an isolating
apparatus (27, 27'), which can be tripped by means of a thermal fuse (8), for extinguishing an arc (26)
which is produced when the contacts (15, 16) are opened, characterized in that the thermal fuse (8)
comprises a melting location (19) which is arranged in the conductor path (22) and which is connected
firstly to the contact system (7) and secondly via a moving conductor section (20) to the first
connection (12), wherein the isolating apparatus (27, 27') is tripped and the connection between the
conductor section (20) and the contact system (7) is broken at the melting location (19) when the arc
(26) has caused the melting temperature of the melting location (19) to be reached or exceeded. 
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reference to figure 7 and figure 8, where – as an aid 

to clarity – only the second half of the conductor path 

22 (the contact carrier 16, the solder 19, the stranded 

conductor 20 and the connection 12), which is relevant 

to the failsafe system 8, is shown. The isolating 

apparatus 27’ comprises a prestressed leg spring 35, an 

approximately hook-like pivot head or lever 36 and an 

insulating chamber 30’. The internal profile of the 

housing 2 is set up and shaped to correspond to the 

isolating apparatus 27’. 

 

In this embodiment, the insulating chamber 30’ is 

essentially the lower half (starting from the top hat 

rail 12) of the housing 10. The pivot head (pivot 

lever) 36 is approximately L-shaped, with both the 

pivot head 36 and the insulating chamber 30’ being 

manufactured from a degassing electrically insulating 

plastic material. The upper corner 36a of the 

horizontal L-limb of the pivot head 36 begins at the 

litz wire 20 in a similar manner to the finger 33 in 

the variant described previously. Arranged at the lower 

end of the vertical L-limb of the pivot head 36 is the 

prestressed leg spring 35. The leg spring 35 holds the 

pivot head 36 so as to move in pivot fashion or in 

rotary fashion. 

 

When the solder 19 melts on account of the heat 

generation by the arc 26, the leg spring 35 pivots the 

pivot head 36 on account of a spring restoring force 

F’. In this case, the litz wire 19 is pivoted about the 

center of rotation 34’ through an angle of 

approximately 90° in the direction of the lower right-

hand corner of the housing 10 or of the insulating 

chamber 30’. 

 

In contrast to the first exemplary embodiment, the arc 

is not squeezed in but rather is merely artificially 

extended, as a result of which the arc plasma can be 

2. The switchgear unit (1) as claimed in claim 1, characterized in that the isolating apparatus (27, 27')
comprises a prestressed spring element (28, 35), the spring force (F, F') of which acts indirectly or
directly on the conductor section (20) in a breaking direction (A).  3. The switchgear unit (1) as claimed
in claim 1 or 2, characterized  - 25 - in that the spring element (28, 35) deflects the conductor section
(20) about a pivot point (34), which is at a distance from the melting location (19), when the isolating
apparatus (27, 27') is tripped.  4. The switchgear unit (1) as claimed in claim 3, characterized 
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extinguished on account of the resultant cooling. In 

this case, the arc is extended to a substantially 

greater extent in comparison with the first exemplary 

embodiment, since the stranded conductor 20 is not 

pushed in the direction of the right-hand side wall but 

rather is pivoted into the lower corner. The switchgear 

unit 1, with the isolating apparatus 27’, is set up and 

suitable for ensuring interruption of direct current 

between the PV generator 2 and the inverter within a 

few milliseconds, both in the normal case and in the 

event of a fault. 

 

When the housing size is dimensioned in suitable 

fashion, the horizontal contact area of the housing 10 

on the top hat rail side is approximately 4 cm wide, 

the lateral edges of the housing are approximately 6 cm 

long and the housing 10 is approximately 2 cm deep. The 

distance between the contact areas 17a and 17b is 

approximately 1 cm in the open position, and the 

distance between the contact carrier 15 and the loose 

end of the stranded conductor 20 after the isolating 

apparatus 27 or 27’ has been tripped is at least 

1.5 cm. The plastics for the housing 10, the insulating 

chamber 30/30’ and the slider 29 or pivot head 35, the 

shape and material of the contact carrier 16 and also 

the torque acting on the solder 19 are chosen such that 

the switchgear unit 1 has a rated voltage of 

approximately 1500 V (DC). 

 

The invention is not limited to the exemplary 

embodiments described above. On the contrary, it is 

also possible for other variants of the invention to be 

derived by a person skilled in the art without 

departing from the subject matter of the invention. In 

particular, all individual features described in 

connection with the different exemplary embodiments 

can, furthermore, also be combined with one another in 

in that the isolating apparatus (27, 27') deflects the conductor section (20) through a pivot angle of
greater than or equal to 90.  5. The switchgear unit (1) as claimed in one of claims 1 to 4,
characterized in that the housing (10) has an insulating chamber (30, 30') which adjoins the melting
location (19) and in which the conductor section (20) is situated when the isolating apparatus (27, 27')
has been tripped.  6. The switchgear unit (1) as claimed in one of claims 1 to 5, characterized in that
the isolating apparatus (27, 27') has an isolating element (29, 36) which is held in the housing (10) so
as to move and which is directed against the conductor section (20).  7. The switchgear unit (1) as
claimed in claim 6, characterized in that the isolating element (29, 36), having been tripped, covers the
conductor section (20) so as to provide at least partial insulation from the melting location (19). 
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a different way without departing from the subject 

matter of the invention. 

8. The switchgear unit (1) as claimed in claim 6 or 7, characterized  - 26 - in that the isolating element
(29) is directed in the housing (10) so as to move in sliding fashion and, when the isolating apparatus
(27) is tripped, enters the insulating chamber (30) together with the conductor section (20).  9. The
switchgear unit (1) as claimed in claim 6 or 7, characterized in that the isolating element (36) is held in
the housing (10) so as to move in rotary fashion and, when the isolating apparatus (27') is tripped,
pivots the conductor section (20) about the pivot point (34), which is at a distance from the melting
location (19). 
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List of reference symbols 

 

1 Switchgear unit 19 solder 

2 PV generator 20 Stranded conductor 

3 Inverter  21 Shield 

4 Solar module 22 Conductor path 

5 Terminal box 23 Hole 

6 Main current 

path 

24 Articulation system 

7 Contact system 26 Arc 

8 Failsafe system 27, 27’ Isolating apparatus 

9 Return line 28 Compression spring 

10 Switching 

housing 

29 Slider 

10a, 10b Half-shell 30, 30’ Insulating chamber 

11, 12 Connection 31 Guide chamber 

13 Rocker lever 32 Guide extension 

14 Coupling lever 33 Finger extension 

15 Contact crossbar 34 Center of rotation 

16 Contact carrier 35 Leg spring 

17a, 17b Contact area 36 Pivot head/lever 

18 Stranded 

conductor 

36a Pivot head tip 

    

  A Breaking direction 

  F, F’ Spring force 

 

 

 

 

 

 

 

 

 

 

 

 

10. The switchgear unit (1) as claimed in one of claims 1 to 9, characterized in that the contact system
(7) has a moving contact (17a) and a fixed contact (17b) or two moving contacts (17a, 17b), wherein
the melting location (19) is coupled to the fixed contact (17b) or to one of the moving contacts (17b) by
means of an electrically conductive contact carrier (16) so as to conduct heat.  11. The switchgear unit
(1) as claimed in claim 10, characterized in that the moving contact (15) is coupled to a rocker lever
(13) for operating the contact system (7) by means of a trip mechanism (24, 25).  12. The switchgear
unit (1) as claimed in one of claims 1 to 11, characterized in that the movable conductor section (20) is
a flexible connecting element, particularly in the form of a stranded conductor (20), the fixed end of
which is soldered nondetachably to the first connection (12),  
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Claims 

 

1. A switchgear unit (1) for switching high DC 

voltages, having two connections (11, 12) which project 

from a housing (10) and which are electrically 

conductively coupled by means of a conductor path (22), 

and having a mechanical contact system (7), arranged 

between the first and second connections (11, 12), 

having two contacts (15, 16) which can move relative to 

one another and can be transferred from a closed 

position to an open position, and also having an 

isolating apparatus (27, 27’), which can be tripped by 

means of a thermal fuse (8), for extinguishing an arc 

(26) which is produced when the contacts (15, 16) are 

opened, 

characterized  

in that the thermal fuse (8) comprises a melting 

location (19) which is arranged in the conductor path 

(22) and which is connected firstly to the contact 

system (7) and secondly via a moving conductor section 

(20) to the first connection (12), wherein the 

isolating apparatus (27, 27’) is tripped and the 

connection between the conductor section (20) and the 

contact system (7) is broken at the melting location 

(19) when the arc (26) has caused the melting 

temperature of the melting location (19) to be reached 

or exceeded. 

 

2. The switchgear unit (1) as claimed in claim 1, 

characterized  

in that the isolating apparatus (27, 27’) comprises a 

prestressed spring element (28, 35), the spring force 

(F, F’) of which acts indirectly or directly on the 

conductor section (20) in a breaking direction (A). 

 

3. The switchgear unit (1) as claimed in claim 1 or 

2, 

characterized  

- 27 - and the loose end of which is soldered at the melting location (19), preferably to the contact
carrier (16).  13. The switchgear unit (1) as claimed in one of claims 1 to 12, characterized in that the
housing (10) holds the conductor path (22), the mechanical contact system (7), the isolating apparatus
(27, 27') and the thermal fuse (8).  14. The switchgear unit (1) as claimed in one of claims 1 to 13,
characterized in that the housing (10) and the isolating element (29, 36) are made from a thermally
stable plastic material, particularly from a thermoset material.  15. The switchgear unit (1) as claimed
in one of claims 1 to 14, 
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in that the spring element (28, 35) deflects the 

conductor section (20) about a pivot point (34), which 

is at a distance from the melting location (19), when 

the isolating apparatus (27, 27’) is tripped. 

 

4. The switchgear unit (1) as claimed in claim 3, 

characterized  

in that the isolating apparatus (27, 27’) deflects the 

conductor section (20) through a pivot angle of greater 

than or equal to 90°. 

 

5. The switchgear unit (1) as claimed in one of 

claims 1 to 4, 

characterized  

in that the housing (10) has an insulating chamber (30, 

30’) which adjoins the melting location (19) and in 

which the conductor section (20) is situated when the 

isolating apparatus (27, 27’) has been tripped. 

 

6. The switchgear unit (1) as claimed in one of 

claims 1 to 5, 

characterized  

in that the isolating apparatus (27, 27’) has an 

isolating element (29, 36) which is held in the housing 

(10) so as to move and which is directed against the 

conductor section (20). 

 

7. The switchgear unit (1) as claimed in claim 6, 

characterized  

in that the isolating element (29, 36), having been 

tripped, covers the conductor section (20) so as to 

provide at least partial insulation from the melting 

location (19). 

 

8. The switchgear unit (1) as claimed in claim 6 or 

7, 

characterized  

characterized in that the isolating element (29, 36) and/or the insulating chamber (30, 30') are made
from a plastic material which degases in the event of fire, particularly from polyamide.  16. An isolating
apparatus (27, 27') for interrupting direct current between a direct current source and an electrical
device, particularly between a photovoltaic generator (2) and an inverter (3), having a live switchgear
unit (1) as claimed in one of claims 1 to 15. 
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in that the isolating element (29) is directed in the 

housing (10) so as to move in sliding fashion and, when 

the isolating apparatus (27) is tripped, enters the 

insulating chamber (30) together with the conductor 

section (20). 

 

9. The switchgear unit (1) as claimed in claim 6 or 

7, 

characterized  

in that the isolating element (36) is held in the 

housing (10) so as to move in rotary fashion and, when 

the isolating apparatus (27’) is tripped, pivots the 

conductor section (20) about the pivot point (34), 

which is at a distance from the melting location (19). 

 

10. The switchgear unit (1) as claimed in one of 

claims 1 to 9, 

characterized  

in that the contact system (7) has a moving contact 

(17a) and a fixed contact (17b) or two moving contacts 

(17a, 17b), wherein the melting location (19) is 

coupled to the fixed contact (17b) or to one of the 

moving contacts (17b) by means of an electrically 

conductive contact carrier (16) so as to conduct heat. 

 

11. The switchgear unit (1) as claimed in claim 10, 

characterized  

in that the moving contact (15) is coupled to a rocker 

lever (13) for operating the contact system (7) by 

means of a trip mechanism (24, 25). 

 

12. The switchgear unit (1) as claimed in one of 

claims 1 to 11, 

characterized  

in that the movable conductor section (20) is a 

flexible connecting element, particularly in the form 

of a stranded conductor (20), the fixed end of which is 

soldered nondetachably to the first connection (12), 
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and the loose end of which is soldered at the melting 

location (19), preferably to the contact carrier (16). 

 

13. The switchgear unit (1) as claimed in one of 

claims 1 to 12, 

characterized  

in that the housing (10) holds the conductor path (22), 

the mechanical contact system (7), the isolating 

apparatus (27, 27’) and the thermal fuse (8). 

 

14. The switchgear unit (1) as claimed in one of 

claims 1 to 13, 

characterized  

in that the housing (10) and the isolating element (29, 

36) are made from a thermally stable plastic material, 

particularly from a thermoset material. 

 

15. The switchgear unit (1) as claimed in one of 

claims 1 to 14, 

characterized  

in that the isolating element (29, 36) and/or the 

insulating chamber (30, 30’) are made from a plastic 

material which degases in the event of fire, 

particularly from polyamide. 

 

16. An isolating apparatus (27, 27’) for interrupting 

direct current between a direct current source and an 

electrical device, particularly between a photovoltaic 

generator (2) and an inverter (3), having a live 

switchgear unit (1) as claimed in one of claims 1 to 

15. 

 


