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(54) CONTACT ARRANGEMENT

(57) Embodiments herein describe a tube contact
(300) configured for receiving the pin contact (401), the
tube contact (300) comprising a top portion (301) config-
ured for establishing an arc with the pin contact (401)
and a bottom portion (302) extending from the top portion
(301) in a substantially longitudinal direction of the tube
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contact (300) characterized in, that the bottom portion
(302) is a high strength portion made of a material having
a Young’'s modulus of 190 GPa to 220 GPa. Embodi-
ments herein further describe a contact arrangement
(400)and a circuitbreaker (100) comprising the disclosed
tube contact (300) contact arrangement (400).
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Description

[0001] Embodiments of the present disclosure gener-
ally relates to contact arrangement and contact arrange-
ment for circuit breakers.

[0002] Conventionally, a circuit breaker 100 includes
three pole columns, 101a, 101b and 101c, resting on a
common breaker base 102, as illustrated by FIG. 1. The
three pole columns are connected by tubes to a gas com-
partment 103. To operate the three poles, the circuit
breaker has an interrupter unit 104 and a connecting
mechanism. The interrupter unit 104 has 2 parts, the main
contact and the arcing contact.

[0003] In acircuit breaker opening operation, the main
contact that exists between the contact laminations and
the heat cylinder will get open. The arcing contact com-
prising the pin contact 201 and the tube contact 202 re-
mains closed, with the result that the current commutates
onto the arcing contact. However with the large short-
circuiting currents, the quenching gas surrounding the
pin contact in the arcing chamber gets heated up by the
arc’s energy. The arcing contacts get open to clear the
short circuit current and it will get closed in normal con-
dition, as depicted in FIG. 2.

[0004] During short circuit, peak current withstand and
interruption, the tube contact must apply enough pres-
sure to hold the pin contact with sufficient force. In the
existing arrangement of the tube contact, the bottom por-
tion of the tube contactis made of CuCrZr material, which
results in a problem that the tube contact loses its me-
chanical properties at elevated temperature. Further, the
stiffness of the bottom portion should be sufficient
enough to hold the pin contact intact.

[0005] Document,which may be useful forunderstand-
ing the field of technology, include EP 2797095A1.
[0006] It is an object of the present invention to over-
come the above-described problem. More specifically, it
is an object of the present invention to provide an im-
proved mechanism for providing high current withstand-
ing capability or arc interruption or arc establishment in
circuit breakers using simple and inexpensive means.
[0007] According tothe invention, the foregoing object
is achieved by an improved tube contact, contact ar-
rangement and the circuit breaker as disclosed in the
independent claims.

[0008] According to a first aspect of the presentinven-
tion, the object is achieved by a tube contact configured
for receiving the pin contact, the tube contact comprising
a top portion configured for establishing an arc with the
pin contact and a bottom portion extending from the top
portion in a substantially longitudinal direction of the tube
contact, characterized in, that the bottom portionis a high
strength portion made of a material having a Young's
modulus of 190 GPa to 220 GPa. By selecting a material
having a Young’s modulus in a range of 190GPa to
220Gpa for the bottom portion, the tube contact exhibits
improved mechanical properties at elevated temperature
for a low cost as compared to known contact elements
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for circuit breakers. Here the tube contact develop a force
supplementary to hold the pin contact in place when a
top portion of the pin contact engages with the tube con-
tact during a short circuit.

[0009] In a preferred embodiment, the bottom portion
of the tube contact is made of a material comprising at
least steel.

[0010] In another preferred embodiment, the bottom
portion of the tube contact is made of a material compris-
ing at least a steel alloy having a carbon content of at
least 0.002wt%-2.1325wt%. The properties of steel and
steel alloys, such as high electrical conductivity, thermal
conductivity, high reaction resistance, high melting point
and low material and processing cost, makes steel and
steel alloys an ideal material for making contact ele-
ments.

[0011] In yet another preferred embodiment, a stiff-
ness of the bottom portion is directly proportional to the
Young’s modulus of the material. This makes it possible
to reduce the force exerted by the tube contact on the
pin contact to obtain a required contact pressure to with-
stand a short circuit current.

[0012] According to a second aspect of the invention,
the object is achieved by a contact arrangement com-
prising a tube contact and a pin contact.

[0013] In another preferred embodiment, the bottom
portion of the pin contact is made of a high strength ma-
terial, such as a steel or steel alloy having a carbon con-
tent of at least 0.002wt%-2.1325wt% and having a
Young’s modulus of 190 GPa to 220 GPa.

[0014] According to a third aspect of the invention, the
object is achieved by a circuit breaker comprising the
tube contact and the contact arrangement.

[0015] Although the invention is illustrated and de-
scribed herein as a tube contact, a contact arrangement
and its use in circuit breakers, it is not intended to be
limited to the details shown, since various modifications
may be made therein within the scope and the range of
the claims. The invention, however, together with addi-
tional objects and advantages will be best understood
from the following description and in connection with the
accompanying drawings.

[0016] In the following the invention is based on the
embodiments shown in the drawings and described be-
low:

FIG 1 is a schematic diagram illustrating a circuit
breaker design, according to prior art.

FIG 2 is a schematic diagram illustrating the opera-
tion of an interrupter unit of a circuit breaker, accord-
ing to prior art.

FIG 3 is a cross-sectional view of a tube contact ac-
cording to an embodiment of the present invention.
FIG 4 is a cross-sectional view of a contact arrange-
ment according to another embodiment of the
present invention.

FIG 5 is a schematic diagram illustrating a circuit
breaker with the contact arrangement according to
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yet another embodiment of the present invention.
FIG 6 is a graph showing a variation of modulus of
elasticity with respect to stiffness of the bottom por-
tion according to an embodiment of the present in-
vention.

[0017] Various embodiments of the present disclosure
will now be described in detail with reference to the ac-
companying drawings. In the following description, spe-
cific details such as detailed configuration and compo-
nents are merely provided to assist the overall under-
standing of these embodiments of the present disclosure.
Therefore, it should be apparent to those skilled in the
art that various changes and modifications of the embod-
iments described herein can be made without departing
from the scope and spirit of the present disclosure. In
addition, descriptions of well-known functions and con-
structions are omitted for clarity and conciseness.
[0018] Also, the various embodiments described here-
in are not necessarily mutually exclusive, as some em-
bodiments can be combined with one or more other em-
bodiments to form new embodiments.

[0019] Referring now to drawings, FIG 3 is a cross-
sectional view of the tube contact 300, according to the
presentinvention. The tube contact 300 comprises a top
portion 301 and a bottom portion 302. The bottom portion
302 extends from the top portion 301 in a substantially
longitudinal direction of the tube contact 300. The top
portion 301 may be made of, for example, a Tungsten-
Copper, WCu material, having a weight range of WCu
90/10, WCu 85/15, WCu 80/20, WCu 75/25, WCu 70/30,
WCu 65/35, WCu 60/40, WCu 55/45, WCu 50/50, a Silver
Nickel (AgNi)material or Sivler Tungsten (AgW), thereby
combining a high melting point and arc erosion resistance
of tungsten with the low melting point and good electrical
conductivity of copper or the high conductivity of silver.
The bottom portion 302 is made of a material having a
Young’s modulus of 190 GPa to 220 GPa. The selection
of the material having a Young’s modulus in the defined
range makes the bottom section a high-strength portion.
Here the top portion 301 and bottom portion 302 is joined
by welding/brazing.

[0020] According to the embodiments herein the
Young’s modulus of the material selected for the bottom
contact is determined based on:

E=P*1"3/3*I*51

where, E is the Modulus of elasticity of the material, P
is the force exerted in N, L is the span (length) of force
to be applied by the tube contact on the pin contact in
mm, | is the moment of inertia in mm?3 and &l is the de-
flection in mm. Here Young’s modulus is a mechanical
property of a material that measures the ability of a ma-
terial to withstand changes in length when a tension or
compression in applied along a length of the material.
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[0021] According to the embodiments herein, the bot-
tom portion 302 or the high-strength portion is made of
steel or steel alloys. The steel alloy contains, forexample,
atleast one of the components of Aluminium from 0.1wt%
to 2.25wt%, Chromium from 0.5wt% to 18wt%,Copper
from 0.1wt% to 0.4wt%,Manganese from 0.25wt% to
13wt%, Molybdenum from 0.25wt% to 5wt%, Nickel
0.2wt%-20wt%, Silicon 0.2wt%-2wt%,Carbon
0.002wt%-2.14wt%,Sulphur 0.08wt%-0.15wt%, Titani-
um 0.25wt%-2.60wt%, Vanadium 0.10wt%-1.50wt%.
Further the steel alloy may comprise a very less percent-
age of Boron, Cobalt, Niobium, Nitrogen, Phosphorus,
Zirconium and other elements. The aforementioned
%weight may vary according to different standard data.
[0022] By using steel alloy for the bottom portion 302,
the required tensile strength can be provided. The tensile
strength of the bottom portion 302 may be ranging, for
instance, from 470MPa to 630Mpa. Further the steel al-
loys are highly formable, which reduces the impact of the
tube contact 300 with the corresponding pin contact
(plug) during high speed closing operation of the circuit
breaker. Additionally, since steel alloys have a high melt-
ing point temperature, the application of the steel alloys
in the tube contact 300 according to the embodiments
described herein causes only minimal contact erosion.
Further, the tube contact 300 is configured for applica-
tions with increased closing speeds and high voltage con-
ditions.

[0023] FIG 4 is a cross sectional view of contact ar-
rangement 400 according to the present invention. The
contactarrangement400 comprises the tube contact 300
and a pin contact401. The tube contact 300 is configured
for receiving the pin contact 401, which acts as a plug
when the contacts close. The tube contact 300 comprises
a top portion 301 and a bottom portion 302 for receiving
the corresponding plug. The pin contact 401 comprises
a top portion 402 and a bottom portion 403.The bottom
portion 403 of the pin contact 401 may be made of steel
or steel alloy having a Young’'s modulus of 190 GPa to
220 GPa, where the steel alloy have a carbon content of
at least 0.002wt%-2.1325wt%.

[0024] Typically, the tube contact 300 and the pin con-
tact 401 are movable relative to each other along the
longitudinal axis 303 of the tube contact 300 to establish
or interrupt an electrical (and mechanical) contact.
[0025] Inanembodiment, the force exerted by the tube
contact 300 on the pin contact 401 to obtain contact pres-
sure required for receiving the top portion 402 of the pin
contact 401 during a normal breaker closed condition is
calculated as,

P (N): (3*Es*I*ds)/1"3;

[0026] Where Es is the permissible modulus of elas-
ticity of steel; | is the moment of inertia, 3s is the maximum
deformation obtained on the bottom portion 302 and 1 is
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the length of a cantilever beam from which the force is
applied.

[0027] The bottom portion 302 of the tube contact 300
is designedin away to increase the stiffness ofthe bottom
portion 302 along a longitudinal direction, so as to hold
the pin contact 401 during the closing operation when
the pin contact 401 moves inside the tube contact 300.
Here the increase in stiffness of the bottom portion 302
is achieved by selecting a material, such as steel, or any
steel alloy having the Young’s modulus within the range
of 190GPa to 220Gpa.

[0028] FIG5isaschematicdiagramillustrating a circuit
breaker 100 with the contact arrangement 400 according
to the present invention. The contact arrangement 400
comprises a tube contact 300 adapted to be employed
in the circuit breaker 100 and configured for receiving a
corresponding pin contact401 during a closing operation.
According to the embodiments herein, the circuit breaker
100 herein is a high-voltage circuit breaker. The tube
contact 300 and the pin contact 401 is adapted for con-
necting current paths, carry the current in a closed posi-
tion, to interrupt current during an arc interrupt and to
isolate current paths from each other during high voltage
operation of the circuit breaker

[0029] During high speed closing operation, e.g. of a
circuit breaker for which a tube contact 300 as described
herein can be employed, the kinetic energy is introduced
into the contact elements, e.g. the tube contact 300
and/or the corresponding pin contact 401. Hence, during
closing operation of the circuit breaker, the tube contact
300 is subjected to high mechanical stress. According to
embodiments, the tube contact 300 is configured to de-
flect when it form contact with the corresponding pin con-
tact 401. In particular, by providing a high-strength ma-
terial for the bottom portion 302, the tube contact do not
deform or break upon high speed closing operations. By
avoiding the deformation of the tube contact due to the
high-strength bottom portion 302, the contact pressure
between the tube contact 300 and the pin 400 can be
assured. Thus by providing a tube contact 300 with a
high strength bottom portion 302 as described herein, an
improved circuit breaker functionality with respect to its
electrical and thermal conductivity and reaction resist-
ance to different operating environments using low ma-
terial and processing cost can be achieved.

[0030] FIG 6is a graph showing a variation of modulus
of elasticity with respect to stiffness of the bottom portion
according to an embodiment of the present invention.
The stiffness of the material depends upon the young
modulus of material and also varies with loading condi-
tion, shape and size. As Young’s modulus of a material
increases, the stiffness of the material also increases.
When the stiffness increases, the contact force to be ex-
erted by the tube contact on the pin contact also increas-
es. Soin order to hold the pin contact, when the pin con-
tact plugs with the tube contact during closing operation
of the circuit breaker, thickness of the bottom portion is
reduced according to the present invention.
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[0031] The foregoing description of the specific em-
bodiments will so fully reveal the general nature of the
embodiments herein that others can, by applying current
knowledge, readily modify and/or adapt for various ap-
plications such specific embodiments without departing
from the generic concept, and, therefore, such adapta-
tions and modifications should and are intended to be
comprehended within the meaning and range of equiv-
alents of the disclosed embodiments. It is to be under-
stood that the phraseology or terminology employed
herein is for the purpose of description and not of limita-
tion. Therefore, while the embodiments herein have been
described in terms of preferred embodiments, those
skilled in the art will recognize that the embodiments
herein can be practiced with modification within the spirit
and scope of the embodiments as described herein.
While the disclosure has been described with reference
to the embodiment(s) mentioned above, it is to be under-
stood that modifications and variations can be made with-
out departing from the scope of the present disclosure,
and such modifications and variations shall remain within
the field and scope of the disclosure.

Reference list:
[0032]

100- Circuit breaker

101A, 101B, 101C - pole columns
102 - common breaker base

103 - a gas compartment

300- Tube contact

301- Top portion of tube contact
302- Bottom portion of tube contact
303- Longitudinal axis

400- Contact arrangement

401- Pin contact

402- Top portion of pin contact
403- Bottom portion of pin contact

Claims

1. A tube contact (300) configured for receiving a pin
contact (401), the tube contact (300) comprising:

a top portion (301) configured for establishing
an arc with the pin contact (401, and

a bottom portion (302) extending from the top
portion (301) in a substantially longitudinal di-
rection of the tube contact (300), characterized
in, that the bottom portion (302) is a high
strength portion made of a material having a
Young’s modulus of 190 GPa to 220 GPa.

2. Thetube contact (300) according to claim 1, wherein
the bottom portion (302) of the tube contact (300) is
made of a material comprising at least steel.
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The tube contact (300) according to claim 1, wherein
the bottom portion (302) of the tube contact (300) is
made of a material comprising at least a steel alloy
having a carbon content of at least 0.002wt%-
2.1325wt%. 5

The tube contact (300) according to claim 1, wherein
a stiffness of the bottom portion (302) is directly pro-
portional to the Young’'s modulus.

10
A contact arrangement (400) comprising a tube con-
tact (300) and a pin contact (401) as claimed in any
of the claims 1-4.

The contact arrangement (400) of claim 5, wherein 15
a bottom portion (403) of the pin contact (401) is
made of a material having a Young’s modulus of 190
GPa to 220 GPa.

The contact arrangement (400) of claim 5, wherein 20
the bottom portion (403) of the pin contact (401) is
made of at least a material comprising steel.

The contact arrangement (400) of claim 5, wherein

the bottom portion (401) of the pin contact (401) is 25
made of a material comprising at least a steel alloy
having a carbon content of at least 0.002wt%-
2.1325wt%.

A circuit breaker (100) comprising a tube contact 30

(300) according to any of the claims 1-4 and the con-
tact arrangement according to any of the claims 5-8.
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