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which the first and second electrical connectors are in electrical contact with each other; the first switch arm being arranged such that
as it is displaced towards the second switch arm to switch the switch from the open configuration to the dosed configuration it abuts
the arcing rod, urging the arcing rod along the displacement axis towards the receiving mouth.
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A switch for closing a circuit

The present invention rafates to a switch for closing a circuit. More particudarly, but not exclusively,
the present invention relates to a switch for closing a circuit comprising first and second switeh
arms, the first switch arm comprising a first electrical connector and the second switch arm
comprising a second electrical connector and receiving receptacie, the switch further comprising an
arcing rod, the switch being adapted such that as the first switch arm is displaced towards the
secand switch arm to switch the switch from an open configuration in which the first and second
electrical connectors are spaced apart to a closed configuration in which the first and second
electrical connectors and in electrical contact with each other, the first arm abuts the arcing rod

urging it towards the receiving mouth of the receiving recaptacle.

It is knowst to use circuit breakers in high voltage circuits. When the circuit breaker initially npens
one cireuit of the circuit breaker is at 3 high voltage, whilst the other is at 3 low voltage. The two
terminals are in close proximity. This difference in voltage causes arcing between the terminals
which continues until they are sufficiently separated from each other. This damages the terminals so
limiting the operational life of the circuit breaker. it is known to design circull breakers 1o minimiss
the effects of this arcing. Often the terminals are arranged in an enclosure cordaining a gas such as
SFs to minimise the arcing. The terminals are also designed to separate at high speed to minimige
the duration of the arcing. Further, it is known to use a magnet to generate a magnetic feld which
causes the arc to rotate, This prevents the arc from routing at one spot on the terminals. These
modifications can make the circuit breaker expensive to manufacture and unreliable. Further,
despite these modifications the terminals are still damaged by the arcing. Such circuit breakers

suffer from identical problems when making a circuit,

The presant invention seeks to overcome the problems of the prior art.

Accordingly, the present invention provides a switch for closing a circuit comprising

a tiest electrically conductive switch arm, the first switch arm comprising a first electrical connector;
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a second elecirically conductive switch arm, the second switch arm comprising a second electrical
connedctor and a receiving receptacle, the receiving receptacle comprising an electrically conductive
side wall which extends around a displacement axis to defing 3 receiving volume, the edge of the

side wall proximate to the first switch arm defining a receiving mouth;

at least one electrically conductive arcing rod adapted to be displaced along the displacement axis

towards and away from the receiving mouth;

at least one receiving receptacle magnet arranged to provide a magnetic field which extends along

the displacement axis within a portion of the receiving volume;

the first switch arm being adapted to be displaced towards the second switch arm to switch the
switch from an open configuration in which the first and second electrical connectors are spaced
apart from each other and a closed configuration in which the first and second electrical connectors

are in electrical contact with each other;

the first switch arm being arranged such that as it is displaced towards the second switch arm to
switch the switch from the open configuration to the closad configuration it abuts the arcing rod,

urging the arcing rod along the displacement axis towards the receiving mouth.

The switch according to the invention is able to close a circuit with almost no arcing damage to the
first and second electrical connectors. As the first switch arm is displaced towards the segond switch
arm to switch the switch from an open configuration to a closed configuration the first switch arm
urges the arcing rod towards the receiving receptacle. Arcing occurs between the arcing rod and
receiving receptacle bringing the potential of the second switch arm up to the potential of the first
switeh arm. This substantially eliminates arcing between the first and second electrical connectors as

they come into electrical contact.

Preferably as the arcing rod is displaced towards the receiving mouth the distance between the
arcing rod and receiving mouth is reduced to less than a predetermined arcing distance hefore the
distance between the first and second electrical connectors is reduced to less than the

predetermined arcing distance.
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Preferably the switch further comprises a biasing mechanism adapted to bias the arcing rod i a

direction away from the receiving mouth slong the displacement axis.

Preferably the blasing mechanism is 3 spring.

Preferably at least one receiving receptacle magnet is a permanent magriet.

Preferably at least one receiving receptacle magnet is an eleciromagnet.

Preferably the electromagnet comprises at feast one coil wrapped around the outside of the side

wall,

Preferably the second switch arm is connectad to a capacitive or inductive load.

Preferably the switch further comprises a displacement mechanism for displacing the first switch

arm relative to the second switch arm to switch the switch hetween open and closed configurations,

Preferably the displacement mechanism is adapted to pivot the first switch arm about 8 pivot to

switch the switch from an open configuration to a closed configuration.

Alternatively the displacement mechanism is adapted 10 displace the first switch arm linearly to

switch the switch from the open configuration to the closed configuration.

Preferably the arcing rod comprises an electrically conductive bulge at its tip.
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Preferably the bulge is spherical.

Preferably the switch further comprises a magnet at least partially arranged in the bulge, the magnet

being arranged to provide a magnetic field which extends along the displacement axis,

Preferably the switch further comprises an electrically insulating cap on the bulge, the cap axtending

away from the arcing rod.

Preferably the magnet extends beyond the bulge into the cap.

Preferably the switch further comprises a ferromagnetic material at least partially arranged within

the bulgae.

Preferably the side wall is circular in a plane normal to the displacemeant axis.

Preferably the switch further comprises a voltage source connected to the first switch arm.,

The present invention will now be described by way of example only and not in any limitative sense

with reference to the accompanying drawings in which

Figure 1 shows a first embodiment of a switch for closing a circuit in perspective view;

Figure 2 shows the receiving receptacie of the switeh of figure 1 in cut away view;

Figure 3 shows the arcing rod of the switch of figure 1 in cut away view;
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Figure 4 shows the switch of figure 1 with the arcing rod close 1o the receiving receptacie;

Figure 5 shows the arcing rod received within the receiving receptacle;

Figures 6{a) and 6{b) show arcing rods of a switch according to the invention;

Figure 7 shows an alternative embodiment of a switch according to the invention; and,

Figure 8 shows receiving receptacie and receiving receptacle magnet of a further embodiment of the

invention.

Shown in figure 1 in perspective view is a first embodiment of a switch 1 for closing a circuit
according to the invention. The switch 1 is typically emploved in the field of electric trains with one
portion of the switch 1 connected to the overhead power cable and the remainder of the switch 1
connected to the drive system of the train which acts as a load 2. The switch 1 is not so limited
however, More generally the load is typically a capacitive or inductive load, The switch 1 is not
limited to such applications. Other typical applications include use of the switch 1 as a changeover

switch, a high voltage earthing switch and also as a ‘fault thrower'.

The switch 1 according to the invention comprises a first electrically conductive switch arm 3. The
first switch arm 3 is connected to a high voltage power source {P}. In rail applications this voltage
source (P} provides a voltage typically around 25Kv and a curfent typically in the range of around ©

T 1000 Amps,

The first switch arm 3 comprises a first electrical connector 4. In this embodiment the first electrical

conpector 4 is a moulded knife edge portion of the first switch arm 3.
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The first switch arm 3 is pivotally connected to an electrically insulating support post 5 by a pivot 6.
A displacement mechanism 7 is connected to the first switch arm 3 and is adapied to pivol the first

switch arm 3 about the pivot 6 to switch the switch 1 between open and closed configurations

The switch 1 further comprises a second electrically conductive switch arm & which is Jgain
supported on an electrically insulating post 9. The second switch arm 8 comprises a second electrical
connector 10. The second electrical connector 10 comprises a plurality of deformable metal fingers

11 arranged to receive and grip the first electrical connector 4 therahetween,

The second switch arm 8 further comprises a receiving receptacle 12 which is defined by a side wall
13 which extends around a displacement axis 14. The receiving receptacle 12 defines a receiving
volume. Entry and exit from the receiving volume is through a receiving mouth 15, The receiving

receptacie 12 is described in more detail below.

The second switch arm 8 is connected to the foad 2 which in this embodiment is schematically

shown as an inductive foad. The load 2 could for example be a motar.

The switch 1 further comprises an electrically conductive arcing rod 16 which extends from an arcing
rod base 17 to an arcing rod tip 18. The arcing rod 16 is arranged on the displacement axis 14 and is
adapted to be displaced along the displacement axis 14 towards and away from the receiving
receptacle 12. A blasing means 19, in this embodiment a spring, biases the arcing rod 16 away from

the recsiving raceptacle 12,

tn figure 1 the switch 1 is shown in the open configuration. In the open configuration the first and
second electrical connectors 4, 10 are spaced apart. The tip 18 of the arcing rod 16 is spaced apart

from the receiving volume,
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Figure 2 shows the receiving receptacle 12 in more detail. The receiving receptacle 12 comprises an
electrically conductive side wall 13 which extends around the displacement axis 14 to define the
receiving volume, The edge of the side wall 13 proximate to the first switch arm 3 defines a receiving
mouth 15, In this embodiment the receiving mouth 15 and side wall 13 are circular in cross section in
a plane normal to the displacement axis 14. In alternative embodiments of the invention the
receiving mouth 15 and side wall 13 may be of other shapes such as square or octagonal. Circular is

preferred.

The switch 1 further comprises a plurality of receiving receptacle magnets 20. These comprise
permanent magnets 20 arranged around the displacement axis 14 in fixed relation to the receiving
receptacie 12 as shown. The permanent magnets 20 are arranged to provide a toroidal magnetic
Held which extends along the displacement axis 14 in at least a portion of the recefving volume. Fach
magnet 20 is a rod extending parallel to the displacement axis 14. The magnets 20 are arrangad
around the receiving mouth 15, The magnets 15 extend towards the receiving volume. They also
extend beyond the mouth 15 in a direction away from the receiving volume as shown. The portions
of the magnets 20 that extend beyond the receiving mouth 15are coated with an insulating layer 21
o prevent arcing from the arcing rod 16 to the magnets 20 in use and also prevent arcing outside of
the mouth region. The receiving mouth 15 and insulating layer 21 are shaped such that arcing occurs
deep within the mouth 15 rather than round the periphery. Typically the receiving mouth 15 and

insutating layer 21 are together shaped as a gently tapering cusp.

Shown in figure 3 in cut away view is the tip of the arcing rod 16. The arcing rod 16 comprises a
metal rod which expands into an electrically conductive bulge 22 at its tip 18. In this embodimant
the bulge 22 is substantially spherical. An insulating cap 23 covers a portion of the bulge 22 and
extends away from the metal rod as shown. A rod shaped permanent magnet 24 is arranged partially
within the spherical bulge 22 and insulating cap 23 as shown. The permanent magnet 24 is arranged

10 generate a magnetic field which extends along the length of atcing rod 16.

in use the switch 1 starts in the open configuration as shown in figure 1. The first switch arm 3 and
first electrical connector 4 are at a high voltage. The arcing rod 16 is floating. The second switch arm
8, receiving receptacle 12 and second electrical connector 10 are at a low voltage, typically earth.

For a given voltage difference hetween the first and second switeh arms 8 there 15 an arcing
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distance. If any part of the first switch arm 3 Is closar to the second switch arm B than the arcing
distance then dielectric breakdown of the air between the arms 3,8 wilf occur resulting in electrical
arcing between the arms 3,8. In order to switch the switch 1 from the open configuration to the
closed configuration the displacement mechanism 7 pivots the first switch arm 3 about the pivot 6
untif the first switch arm 3 abuts the arcing rod base 17 raising the potential of the arcing rod 1610
that of the first switch arm 3. As the first switch arm 3 is pivoted further the first switch arm 3 urges
the arcing rod 16 along the displacement axis 14 towards the receiving mouth 15 of the receiving
receptacle 12. As pivoting continues, the distance between the arcing rod 18 and receiving
receptacle 12 decreases to less than the arcing distance whilst the distance between the first and
second electrical connectors 4,10 is farger than the arcing distance. The voltage differenca between
the arcing rod 16 and receiving receptacle 12 causes arcing between the arcing rod 16 and side wal
13 of the receiving receptacle 12. This is shown in figure 4. The magnetic field generated by the
receiving receptacle magnets 20 and the permanent magnet 24 in the spherical bulge 22 of the
arcing rod 16 cause the arc to rotate around the displacement axis 14. This moves the ends of the
arc over the surface of the spherical bulge 22 and over the side wall 13 so reducing damage caused

by the arc.

As pivoting of the first switch arm 3 continues the arcing rod 16 passes through the receiving mouth
15 and into the receiving volume. Arcing continues raising the potential of the second switch arm 8
to close to that of the first switch arm 3, When the first switch arm 3 reaches its final pasition the
first and second electrical connectors 4,10 interengage so closing the switch 1. At this point there is
Httle if any potential difference between them and so as they interengage there is fittle if any arcing

between them

The final position of the arcing rod 16 is shown in figure 5. In this position the switch 1 is in the
closed configuration and the arcing rod 16 is received within the recetving volume aligned with the
displacement axis 14 and spaced apart from the side wall 13. Also shown in figure 5 is an optional
equalising contact 25. The equalising contact 25 extends from the second switch arm 8 towards the
tirst switch arm 3. The equalising contact 25 is arranged such that just before the first and second
electrical contacts 4,10 engage the equalising contact 25 abuts the first switch arm 3. The sgualising
contact 25 is electrically conductive. The current which flows through the equalising contact 25

between the switch armis 3,8 ensures that any small remaining potential difference between tha
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switch arms 3,8 is equalised before the first and second electrical contacts 4,10 interangage. The

equalising contact 25 is designed to be replaceable.

The function of the electrically insulating cap 23 on the bulge 22 and also the purpose of arranging
the permanent magnet 24 partially within the insulating cap 23 ran be seen with reference figures
b6a and bb. Arranging the magnet 24 such that it extends beyond the spherical bulge 22 allows for
the magnetic field to be linear and perpendicular to the arc path, creating greater torque and stable
arc rotation velocities at low arc current. The insulating end cap 23 also stops the arc from rooting
close to the zero point of the figld at the tip 18 as can be seen by a cornparison of figures &{a) and

6(h]. PTFE is & suitable material for the insulating cap 23.

Shown in figure 7 in schematic form is a further embodiment a switch 1 according to the invention.
This is substantially similar to that of figures 1 to 6 except the first switch arm 3 is displaced linearly

to switch the switch 1 from open to closed configurations.

In an alternative embodiment of the invention the permanent magnel 24 in the bulge 22 of the

arcing rod 186 s arranged entirely within the bulge 22, as shown in figure &ial.

i a further embodiment of the invention the permanent magnet 24 in the bulge 22 is replaced with

a ferromagnetic material or alternatively is absent,

The bulge 22 proximate to the tip 18 of the arcing rod 16 is not essential to the invention although
this is preferred. The bulge 22 reduces the variation in air gap between the arcing rod 16 and
receiving receptacle 12 as the arcing rod 16 enters the recetving receptacle 12, in particular a
spherical bulge 22 optimises the tangential force on the arc at the surface of the bulge 22,1t is also
the oplimum shape for minimising electrical field stress. & spherical bulge 22 also provides a
continuous surface for the arc to traverse over a range of inclinations. Erosion caused by the arc will
therefore be spread comparatively evenly maxintising the life of the switch 1. Alternative shapes of

buige 22 are possible. A spherical bulge 22 may not be optimal particularly in the case where one or
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mare of the switch arms 3,8 is displaced finearly. Alternative shapes of bulge 22 may include conical

ar cylindrical with a conical tip. The buige 22 may be absent altogether.

Shown schematically in figure 8 is the recelving receptacle 12 of an alternative ermbodiment of a
switch 1 actording to the invention. In this embodiment the receiving receptacle magnet 20 which
provides the magnetic field in the receiving volume is not a permanent mageet, rather it is an
electromagnet. The electromagnet comprises a coil 2% wrapped around the side wall 13 of the
recetving receptacle 12. The electromagnet may be powered by a separale power source.

Alternatively it may be powered by a connection to the first switch arm 3.

in & further embodiment of the invention a housing covers the mouth of the receiving receptacle 12
The housing has an aperture therein which is arranged on the displacement axis 14, Tha arcing rod
16 extends through the aperture. Such an arrangement has at least two advantages. Festly the
recelving receptacle 12 is protected from the elements. Water, dirt and the like is pravented from
entering into the mouth of the recelving receptacle 12 by the housing. Secondly, the arcing which
occurs between the arcing rod 16 and receiving receptacie 12 as the arcing rod 16 approaches the
receiving receptacle 12 cannot arc over to surrounding components due to the presence of the

housing.
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A switch for closing a circuit comprising

a first electrically conductive switch arm, the first switch arm comprising a first electrical

CONNECOr;

a second electrically conductive switch arm, the second switch arm comprising a secand
electrical connector and a recelving receptacle, the receiving receptacle comprising an
electrically conductive side wall which extends around a displacement axis to define a
receiving volume, the edge of the side wall proximate to the first switch arm defining a

receiving mouth;

at feast one electrically conductive arcing rod adapted to be displaced along the

displacement axis towards and away from the receiving mouth;

at least one receiving receptacle magnet arranged to provide a magnetic field which extends

along the displacemant axis within a portion of the receiving volums;

the first switch arm being adapted to be displaced towards the second switch arm to switch
the switch from an open configuration in which the first and second efectrical connactors are
spaced apart from each other and a closed configuration in which the first and second

glectrical connectors are in electrical contact with each other:

the first switch arm being arranged such that as it is displaced towards the second switch
arm to switch the switch from the open configuration to the closed configuration it abuts
the arcing rod, urging the arcing rod along the displacement axis towards the receiving

mouth,

A switch for closing a circuit as claimed in claim 1, wherein as the arcing rod is displaced
towards the receiving mouth the distance between the arcing rod and receiving mouth is
reduced to less than a predetermined arcing distance before the distance between the first

and second electrical connectors is reduced to less than the predetermined arcing distancs.
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3. A switch for closing a circuit as claimed in either of claims 1 or 2, further comprising a biasing
mechanism adapted o bias the arcing rod in a direction away from the recaiving mouth

along the displacement axis.

4. A switch for closing a cireuit as clalmed in claim 3, wherein the biasing mechanism is 3
spring.
5. A switch for closing a circult as claimed in any one of claims 1 to 4, wherein at least one

receiving receptacle magnet is a permanent magnet.

8. A switch for closing a circuit as claimed in any one of claims 1 1o 4, wherein at least one

raceiving receptacle magnet is an electromagnet.

7. A switch for closing a cireult as claimed in claim & wherein the electromagnet comprises at
least one coll wrapped around the outside of the side wall.

& A switch for closing a circult as claimed in any one of claims 1 to 7, wherein the second
switch arm is connected to a capacitive or inductive load.

8. A switch for closing a circuit as claimed in any one of claims 1 to 8 further comprising a
displacement mechanism for displacing the first switch arm relative to the second switch
arm o switch the switch between open and clased configurations.

10 A switch for closing a circuit as claimed in claim 9, wherein the displacement mechanism is

adapted 10 pivot the first switch arm about a pivot to switch the switch from an open

configuration to a closed configuration.
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A switch for closing a circult as claimed in claim 8, wherein the displacement machanism is
adapted to displace the first switch arm lingarly to switch the switch from the open

configuration to the closed configuration,

A switch for closing a circuit as claimed in any one of claims 1 to 11, wherein the arcing rod

comprises an electrically conductive bulge at its tip.

A switch for closing a circuit as claimed in claim 12, wherein the bulge is spherical.

A switch for closing a circuit as claimed in either of claims 12 or 13, further comprising a
magnet at least partially arranged in the buige, the magnet being arranged to provide a

magnetic field which extends along the displacement axis.

A switch for closing a circuit as claimed in any one of claims 12 to 14, further comprising an

electrically insulating cap on the bulge, the cap extending away from the arcing rod.

A switch for closing a circult as claimed in claim 15, when dependent on claim 14, wherein

the magnet extends beyond the bulge into the cap.

A switch for closing a circuit as claimed in either of claims 12 or 13, further comprising a

ferromagnetic material at least partially arranged within the bulge.

Aswitch for dlosing a circult as claimed in any one of tlaims 1 to 17, wherain the side wall i

circular in 3 plane normal to the displacement axis.

A switch for closing a circuit as claimed in any one of claims 1 to 18, further comprising a

voltage source connected 1o the first switch arm.
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