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ADJUSTABLE RATING FOR A
FAULT INTERRUPTER AND LOAD BREAK SWITCH

RELATED PATENT APPLICATION

[0001] This patent application is related to co-pending U.S. Patent Application No.
12/117,463, entitled “Fault Interrupter and Load Break Switch,” filed May 8, 2008; U.S.
Patent Application No. 12/117,449, entitled “Multiple Arc Chamber Assemblies for a Fault
Interrupter and Load Break Switch,” filed May 8, 2008; U.S. Patent Application No.
12/117,470, entitled “Low Oil Trip Assembly for a Fault Interrupter and Load Break Switch,”
filed May 8, 2008; U.S. Patent Application No. 12/117,456, entitled “Indicator for a Fault
Interrupter and Load Break Switch,” filed May 8, 2008; and U.S. Patent Application No.
12/117,444, entitled “Sensor Element for a Fault Interrupter and Load Break Switch,” filed
May 8, 2008. The complete disclosure of each of the foregoing related applications is hereby

fully incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure relates generally to a fault interrupter and load break
switch, and more particularly, to a fault interrupter and load break switch for a dielectric

fluid-filled transformer.

BACKGROUND OF THE INVENTION

[0003] A transformer is a device that transfers electrical energy from a primary circuit to
a secondary circuit by magnetic coupling. Typically, a transformer includes one or more
windings wrapped around a core. An alternating voltage applied to one winding (a “primary
winding”) creates a time-varying magnetic flux in the core, which induces a voltage in the
other (“secondary”) winding(s). Varying the relative number of turns of the primary and
secondary windings about the core determines the ratio of the input and output voltages of the
transformer. For example, a transformer with a turn ratio of 2:1 (primary: secondary) has an
input voltage that is two times greater than its output voltage.

[0004] It is well known in the art to cool high-power transformers using a dielectric fluid,
such as a highly-refined mineral oil. The dielectric fluid is stable at high temperatures and

has excellent insulating properties for suppressing corona discharge and electric arcing in the
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transformer. Typically, the transformer includes a tank that is at least partially filled with the
dielectric fluid. The dielectric fluid surrounds the transformer core and windings.

[0005] Over-current protection devices are widely used to prevent damage to the primary
and secondary circuits of transformers. For example, distribution transformers have
conventionally been protected from fault currents by high voltage fuses provided on the
primary windings. Each fuse includes fuse terminations configured to form an electrical
connection between the primary winding and an electrical power source in the primary
circuit. A fusible link or element disposed between the fuse terminations is configured to
melt, disintegrate, fail, or otherwise open to break the primary electrical circuit when
electrical current through the fuse exceeds a predetermined limit. Upon clearing a fault, the
fuse becomes inoperable and must be replaced. Methods and safety practices for determining
if the fuse is damaged and for replacing the fuse can be lengthy and complicated.

[0006] Another over-current protection device that has conventionally been used is a
circuit breaker. A traditional circuit breaker has a low voltage rating, requiring the circuit
breaker to be installed in the secondary circuit, rather than the primary circuit, of the
transformer. The circuit breaker does not protect against faults in the primary circuit. Rather,
a high voltage fuse must be used in addition to the circuit breaker to protect the primary
circuit.

[0007] Secondary circuit breakers are large. Transformer tanks must increase in size to
accommodate the large secondary circuit breakers. As the size of the transformer tank
increases, the cost of acquiring and maintaining the transformer increases. For example, a
larger transformer requires more space and more tank material. The larger transformer also
requires more dielectric fluid to fill the transformer’s larger tank.

[0008] A load break switch is a switch for opening a circuit when current is flowing.
Traditionally, load break switches have been used to selectively open and close the primary
and secondary circuits of a transformer. The load break switches do not include fault sensing
or fault interrupting functionality. Thus, a high voltage fuse and/or a secondary circuit
breaker must be used in addition to the load break switch. The large size of the load break
switch and the extra device employed for fault protection require a much larger, and more
expensive, transformer tank.

[0009] Therefore, a need exists in the art for improved load break switches and over-

current protection devices for dielectric fluid-filled transformers. In addition, a need exists in
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the art for such devices to be cost-effective and user friendly. A further need exists in the art

for such devices to be relatively compact.

SUMMARY OF THE INVENTION

[0010] The invention provides a load break switch and an over-current protection device in
a single, relatively compact and easy to use apparatus. Referred to herein as a “fault
interrupter and load break switch” or a “switch,” the apparatus includes a trip assembly
configured to automatically open an electrical circuit associated with the apparatus upon the
occurrence of a fault condition. The apparatus also includes a handle for manually or
automatically opening and closing the electrical circuit in fault and non-fault conditions.
[0011] In certain exemplary embodiments, the switch includes at least one arc chamber
assembly within which a pair of stationary contacts is disposed. The stationary contacts are
electrically coupled to a circuit of a transformer. For example, the stationary contacts can be
electrically coupled to a primary circuit of the transformer. Ends of a movable contact of a
rotor assembly rotatable within the arc chamber assembly are configured to selectively
electrically engage and disengage the stationary contacts.

[0012] When the ends of the movable contact engage the stationary contacts, the circuit is
closed. Current in the closed circuit flows through one of the stationary contacts into one of
the ends of the movable contact, and through the other end of the movable contact to the
other stationary contact. When the ends of the movable contact disengage the stationary
contacts, the circuit is open, as current in the circuit cannot flow between the disengaged
movable contact ends and stationary contacts.

[0013] In certain exemplary embodiments, a Curie metal element is electrically coupled
to one of the stationary contacts, in the circuit. For example, the Curie metal element can be
electrically connected between a primary winding of the transformer and one of the stationary
contacts. The Curie metal element includes a material, such as a nickel-iron alloy, which
loses its magnetic properties when it is heated beyond a predetermined temperature, i.e., a
Curie transition temperature. For example, the Curie metal element may be heated to the
Curie transition temperature during a high current surge in the transformer primary winding,
or when hot dielectric fluid conditions occur in the transformer.

[0014] When the Curie metal element attains a temperature higher than the Curie
transition temperature, magnetic coupling is lost (or “released” or “tripped”) between the

Curie metal element and a magnet of a trip assembly of the switch. This release causes the
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electrical circuit, including the transformer primary winding, to open. Specifically, the loss
of magnetic coupling causes a return spring of the trip assembly to actuate a first end of a
rocker (which is coupled to the magnet) away from the Curie metal element. The return
spring also actuates a second, opposite end of the rocker towards a top surface of the arc
chamber assembly.

[0015] This actuation causes the second end of the rocker to move away from an edge of
a trip rotor of the trip assembly, thereby releasing a mechanical force between the rocker and
the trip rotor. A spring force from a trip spring coupled to the trip rotor causes the trip rotor
to rotate about an aperture of the arc chamber assembly. This rotation causes similar rotation
of the rotor assembly, which is coupled to the trip rotor. When the rotor assembly rotates, the
ends of the movable contact move away from the stationary contacts, thereby opening the
electrical circuit coupled thereto.

[0016] The electrical circuit is opened in two places -- a junction between a first pair of
the movable contact ends and stationary contacts and a junction between a second pair of the
movable contact ends and stationary contacts. This “double break” of the circuit increases a
total arc length of an electric arc generated during the circuit opening. This increased arc
length increases the arc’s voltage, making the arc easier to extinguish. The increased arc
length also helps to prevent arc re-initiation, also called “restrikes.”

[0017] Vents within the arc chamber assembly are configured to allow ingress and egress
of dielectric fluid for extinguishing the arc. Internally, arc chamber walls leading to the vents
can be designed in smooth up and down transitions and without perpendicular walls or other
obstructions to the flow of dielectric fluid and arc gasses. Obstructions could cause
turbulence in the flow of fluid and gas during circuit opening. Obstructions to flow and
turbulence could in turn prevent the arc from being moved to the location within the arc
chamber, at the proper time, that is best suited for extinguishing the arc. The vents also are
sized and shaped to prevent the arc from traveling outside the arc chamber assembly and
striking the tank wall or other internal transformer components.

[0018] In certain alternative exemplary embodiments, a solenoid can be used instead of
the Curie metal element, magnet, and spring to actuate the rocker. Other alternatives include
a bimetal element and a shape memory metal element. The solenoid can be operated through
electronic controls. The electronic controls may provide greater flexibility in selecting trip

parameters such as trip times, trip currents, trip temperatures, and reset times. The electronic
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controls also may allow for switch operation via remote wireless or hard wired means of
communications.

[0019] In a manual operation of the switch, actuation of a handle coupled to the rotor
assembly via a spring-loaded rotor causes the movable contact ends to selectively engage or
disengage the stationary contacts. The primary function of the spring-loaded rotor is to
minimize arcing between the stationary contacts and the ends of the movable contact in the
arc chamber assembly by very rapidly driving the contacts into their open or closed positions.
Thus, rotor rotational speed can be consistent, independent of handle speed, which may be
under inconsistent operator control.

[0020] An operator can use the handle to open and close the circuit in fault and non-fault
conditions. For example, the operator can rotate the handle to close a circuit that previously
had been opened in response to a fault condition. Thus, the operator can manually reset the
switch to a closed position. In certain exemplary embodiments, a motor can be coupled to the
handle and/or the spring-loaded rotor for automatic, remote operation of the switch.

[0021] In certain exemplary embodiments, the switch includes multiple arc chamber
assemblies. The trip assembly of the switch is configured to open and close one or more
circuits electrically coupled to the arc chamber assemblies, substantially as described above.
Movable contact assemblies within each arc chamber assembly are coupled to one another
and are configured to rotate substantially co-axially with one another. Thus, an opening or
closing operation of the switch will cause similar rotation of each rotor assembly.

[0022] The arc chamber assemblies may be connected in series or in parallel. An
in-parallel connection allows a single switch to control multiple different circuits. An
in-series connection increases the voltage capacity of the switch. For example, if a single arc
chamber assembly can interrupt 8,000 volts at 3,000 amps AC, then a combination of three
arc chamber assemblies may interrupt 24,000 volts at 3,000 amps AC.

[0023] These and other aspects, features and embodiments of the invention will become
apparent to a person of ordinary skill in the art upon consideration of the following detailed
description of illustrated embodiments exemplifying the best mode for carrying out the

invention as presently perceived.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Figure 1 is a cross-sectional perspective view of an exemplary fault interrupter
and load break switch mounted to a tank wall of a transformer, in accordance with certain
exemplary embodiments.

[0025] Figure 2 is a perspective view of an exemplary fault interrupter and load break
switch, in accordance with certain exemplary embodiments.

[0026] Figure 3, comprising Figures 3A, 3B and 3C, is an exploded view of the
exemplary fault interrupter and load break switch depicted in Figure 2.

[0027] Figure 4 illustrates magnetic flux between open contacts, and inside an arc
chamber assembly, of the exemplary fault interrupter and load break switch depicted in
Figure 2, in accordance with certain exemplary embodiments.

[0028] Figure 5 is a perspective view of an exemplary fault interrupter and load break
switch, in accordance with certain alternative exemplary embodiments.

[0029] Figure 6 is an exploded view of the exemplary fault interrupter and load break
switch depicted in Figure 5.

[0030] Figure 7 is an elevational cross-sectional side view of an arc chamber assembly
and trip assembly of an exemplary fault interrupter and load break switch in a closed position,
in accordance with certain exemplary embodiments.

[0031] Figure 8 is an elevational cross-sectional side view of an arc chamber assembly
and trip assembly of an exemplary fault interrupter and load break switch moving from a
closed position to an open position, in accordance with certain exemplary embodiments.
[0032] Figure 9 is an elevational cross-sectional side view of an arc chamber assembly
and trip assembly of an exemplary fault interrupter and load break switch in an open position,
in accordance with certain exemplary embodiments.

[0033] Figure 10 is an elevational top view of stationary and movable contacts contained
within interior rotation regions of a bottom member of an arc chamber assembly of an
exemplary fault interrupter and load break switch in a closed position, in accordance with
certain exemplary embodiments.

[0034] Figure 11 is an elevational top view of stationary and movable contacts contained
within interior rotation regions of a bottom member of an arc chamber assembly of an
exemplary fault interrupter and load break switch moving from a closed position to an open

position, in accordance with certain exemplary embodiments.
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[0035] Figure 12 is an elevational top view of stationary and movable contacts contained
within interior rotation regions of a bottom member of an arc chamber assembly of an
exemplary fault interrupter and load break switch in an open position, in accordance with
certain exemplary embodiments.

[0036] Figure 13 is a perspective view of an exemplary fault interrupter and load break
switch, in accordance with certain alternative exemplary embodiments.

[0037] Figure 14 is an elevational side view of the exemplary fault interrupter and load
break switch depicted in Figure 13, in accordance with certain exemplary embodiments.
[0038] Figure 15, comprising Figures 15A and 15B, is an exploded view of the
exemplary fault interrupter and load break switch depicted in Figure 13, in accordance with
certain exemplary embodiments.

[0039] Figure 16 is a perspective bottom view of the exemplary fault interrupter and load
break switch depicted in Figure 13, in accordance with certain exemplary embodiments.
[0040] Figure 17 is a perspective bottom view of the exemplary fault interrupter and load
break switch depicted in Figure 13, in accordance with certain exemplary embodiments.
[0041] Figure 18 is a cross-sectional side view of the exemplary fault interrupter and load
break switch depicted in Figure 13, in an operating position, in accordance with certain
exemplary embodiments.

[0042] Figure 19 is a cross-sectional side view of the exemplary fault interrupter and load
break switch depicted in Figure 13, in a tripped position caused by a low dielectric fluid level
condition, in accordance with certain exemplary embodiments.

[0043] Figure 20 is a perspective view of an exemplary sensor element and sensor
element cover of the exemplary fault interrupter and load break switch depicted in Figure 13,
in accordance with certain exemplary embodiments.

[0044] Figure 21 is an exploded view of an exemplary sensor element and sensor element
cover of the exemplary fault interrupter and load break switch depicted in Figure 13, in
accordance with certain exemplary embodiments.

[0045] Figure 22 is an elevational bottom side view of the exemplary sensor element and
sensor element cover depicted in Figure 21, in accordance with certain exemplary

embodiments.
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DETAILED DESCRIPTION

[0046] The following description of exemplary embodiments of the invention refers to
the attached drawings, in which like numerals indicate like elements throughout the several
figures.

[0047] Figure 1 is a cross-sectional perspective view of an exemplary fault interrupter
and load break switch 100 mounted to a tank wall 110c¢ of a transformer 105, in accordance
with certain exemplary embodiments. The transformer 105 includes a tank 110 that is at least
partially filled with a dielectric fluid 115. The dielectric 115 fluid includes any fluid that can
act as an electrical insulator. For example, the dielectric fluid can include mineral oil. The
dielectric fluid 115 extends from a bottom 110a of the tank 110 to a height 120 proximate a
top 110b of the tank 110. The dielectric fluid 115 surrounds a core 125 and windings 130 of
the transformer 105.

[0048] The switch 100 is electrically coupled to a primary circuit 135 of the transformer
105 via wires 137 and 140. Wire 137 extends between the switch 100 and a primary winding
130a of the transformer 105. Wire 140 extends between the switch 100 and a bushing 145
disposed proximate the top 110b of the transformer tank 110. The bushing 145 is a high-
voltage insulated member, which is electrically coupled to an external power source (not
shown) of the transformer 105.

[0049] The switch 100 can be used to manually or automatically open or close the
primary circuit 135 by selectively electrically disconnecting or connecting the wires 137 and
140. The switch 100 includes stationary contacts (not shown), each of which is electrically
coupled to one or more of the wires 137 and 140. For example, the stationary contacts and
wires 137 and 140 can be sonic welded together or connected via male and female quick
connect terminals (not shown) or other suitable means known to a person of ordinary skill in
the art having the benefit of the present disclosure, including resistance welding, arc welding,
soldering, brazing, and crimping. At least one movable contact (not shown) of the switch 100
is configured to electrically engage the stationary contacts to close the primary circuit 135
and to electrically disengage the stationary contacts to open the primary circuit 135.

[0050] In certain exemplary embodiments, an operator or a motor (not shown) can rotate
a handle 150 of the switch 100 to open or close the primary circuit 135. Alternatively, a trip
assembly (not shown) of the switch 100 can automatically open the primary circuit 135 upon
a fault condition. The trip assembly is described in more detail below, with reference to

Figures 6-8.
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[0051] In operation, a first end 100a of the switch 100, including the handle 150 and an
upper portion of a trip housing 210 of the switch 100, is disposed outside the transformer tank
110, and a second end 100b of the switch 100, including the remaining portions of the trip
housing 210 and the stationary and movable contacts, is disposed inside the transformer tank
110.

[0052] Figures 2 and 3 illustrate an exemplary fault interrupter and load break switch
100, in accordance with certain exemplary embodiments of the invention. The switch 100
includes a trip housing 210 coupled to an arc chamber assembly 215. A trip assembly 305
disposed between the trip housing 210 and the arc chamber assembly 215 is configured to
open one or more electrical circuits associated with the arc chamber assembly, as described
below.

[0053] The arc chamber assembly 215 includes a top member 310, a bottom member 315,
and a rotor assembly 320 disposed between the top member 310 and the bottom member 315.
The bottom member 315 includes a substantially centrally disposed aperture 316 about which
arc-shaped mounting members 317 and 318 and rotation members 319 and 321 are disposed.
[0054] Interior edges 317a and 318a of the mounting members 317 and 318 and an
interior surface 319a of the rotation member 319 define a first interior rotation region 322 of
the bottom member 315. Interior edges 317b and 318b of the mounting members 317 and
318 and an interior surface 321a of the rotation member 321 define a second interior rotation
region 323 of the bottom member 315. The interior rotation regions 322 and 323 are
disposed on opposite sides of the aperture 316. Each interior rotation region 322, 323
provides an area in which ends 324a and 324b of a movable contact 324 of the rotor assembly
320 can rotate about an axis of the aperture 316, as described below.

[0055] Each of the mounting members 317 and 318 includes a recess 317c, 318c
configured to receive a first end 326a, 327a of a stationary contact 326, 327. Each of the
stationary contacts 326 and 327 includes an electrically conductive material. In certain
exemplary embodiments, each of the stationary contacts 326 and 327 can include a contact
inlay made of an electrically conductive metal alloy, such as copper-tungsten, silver-tungsten,
silver-tungsten-carbide, silver-tin-oxide, or silver-cadmium-oxide. The metal alloy can have
superior resistance to arc erosion and can improve the arc interruption performance of the
switch 100 during fault conditions.

[0056] The contact inlay can be welded to another member made of an electrically

conductive metal, such as copper. The materials selected for the contact inlay and the other
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member can complement and balance one another. For example, an alloy-based inlay may be
complemented with a copper member because copper has better electrical conductivity than
the alloy-based inlay and typically costs less. In certain exemplary embodiments, the inlay
may be attached to the other member by brazing, resistance welding, percussion welding, or
other suitable means known to a person of ordinary skill in the art having the benefit of the
present disclosure.

[0057] Each stationary contact 326, 327 includes an elongated member 326b, 327b
extending from the first end 326a, 327a of the stationary contact 326, 327 to a middle portion
of the stationary contact 326, 327. The middle portion of the stationary contact 326, 327
includes a member 326¢, 327c extending substantially perpendicularly from the elongated
member 326b, 327b to another elongated member 326d, 327d disposed substantially parallel
to the elongated member 326b, 327b. The members 326¢ and 327c extend proximate the
interior edges 317a and 318b, respectively. Each elongated member 326d, 327d extends from
the middle portion of the stationary contact 326, 327 to a circular member 326e, 327¢
disposed proximate a second end 326f, 327f of the stationary contact 326, 327. For example,
each circular member 326e, 327¢ can include an inlay of the stationary contact 326, 327. The
second ends 326f and 327f of the stationary contacts 326 and 327 are disposed within pockets
319b and 321b, respectively, of the first and second interior rotation regions 322 and 323. A
top surface 326g, 327g of each circular member 326e, 327¢ is configured to engage a bottom
surface 324c, 324d of each end 324a, 324b of the movable contact 324, as described below.
[0058] Each of stationary contacts 326 and 327 is configured to be electrically coupled
to the primary circuit (not shown) of a transformer (not shown). For example, with reference
to Figures 1 and 3, stationary contact 326 can be electrically coupled to wire 137 in the
primary circuit 135, and stationary contact 327 can be electrically coupled to wire 140 in the
primary circuit 135. In certain exemplary embodiments, each stationary contact 326, 327 can
be electrically coupled to its respective wire 137, 140 via a connection member 328, 329. A
first end of each connection member 328, 329 is coupled to the first end 326a, 327a of the
stationary contact 326, 327 with a threaded screw 392, 394. A second end of each connection
member 328, 329 is coupled to a threaded screw 343, 344 about which the wire 137, 140 can
be wound.

[0059] Alternatively, stationary contact 326 can be electrically coupled to its primary
circuit wire 137 via a Curie metal element 390 and a connection member 395. The Curie

metal element 390 is electrically disposed between the stationary contact 326 and the
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connection member 395. The stationary contact 326 is connected to the Curie metal element
390 with threaded screw 392. The Curie metal element 390 is connected to one end of the
connection member 395 with threaded screw 393. Another end of the connection member
395 is connected to a threaded screw 356 about which the wire 137 can be wound.

[0060] Likewise, stationary contact 327 can be electrically coupled to its primary circuit
wire 140 via an isolation link (not shown) and a connection member 391. The isolation link
can be electrically disposed between the stationary contact 327 and the connection member
391. The stationary contact 327 can be connected to the isolation link with a threaded screw
394. An end of the isolation link can be connected to the connection member 391 with
threaded screw 396. Another end of the connection member 391 can be connected to a
threaded screw 357 about which the wire 140 can be wound. Other suitable means for
electrically coupling the stationary contacts 326 and 327 and the wires 137 and 140,
including sonic welding, quick connect terminals or other quick connect devices, resistance
welding, arc welding, soldering, brazing, and crimping, will be readily apparent to a person
of ordinary skill having the benefit of the present disclosure.

[0061] The rotor assembly 320 includes an elongated member 330 having a top end 330a,
a bottom end 330b, and a middle portion 330c. The elongated member 330 has a
substantially circular cross-sectional geometry, which corresponds (on a larger scale) to the
circular shape of the aperture 316. The rotor assembly 320 also includes the movable contact
324, which extends through a channel in the middle portion 330c of the rotor assembly 320.
The channel extends between the sides 330d and 330e of the rotor assembly 320. The first
and second ends 324a and 324b of the movable contact 324 extend substantially
perpendicularly from the sides 330d and 330e, respectively, of the elongated member 330.
[0062] In certain exemplary embodiments, a tip of each end 324a, 324b is angled in a
direction towards its corresponding stationary contact 326, 327. This angled orientation
increases an arc gap between the movable contact 324 and each stationary contact 326, 327 as
you move from each end 324a, 324b to its corresponding sides 330d and 330e of the rotor
assembly 320. The larger arc gap at the rotor assembly 320 discourages an arc from moving
inward toward the rotor assembly 320. Thus, the arc is encouraged to stay near ends 324a
and 324b, along vents 345, allowing better arc interruption performance, as described
hereinafter. The angled orientations of the ends 324a and 324b also increases physical
distances between movable contact edges (between end 324a and side 330d and between end

324b and side 330e) and corresponding screws 357, 356. The larger physical gap can better
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resist dielectric breakdown between the contact 324 and the screws 357, 356 when the switch
100 is opened. A bottom surface 324c, 324d of each end 324a, 324b is configured to engage
a top surface 326g, 327g of each circular member 326e, 327e of its corresponding stationary
contact 326, 327, as described below.

[0063] In certain exemplary embodiments, each of the bottom surfaces 324c and 324d
can include a dissimilar metal than a metal used on the top surfaces 326g and 327g. For
example, the top surfaces 326g and 327g can comprise copper-tungsten, and the bottom
surfaces 324c and 324d can comprise silver-tungsten-carbide. The dissimilar metals can
reduce tendency of the contact surfaces 324c, 324d, 326g, 327g to weld together.

[0064] Welding has potential to occur on closing and opening of the switch 100. For
example, when the switch 100 is closing and the contacts 324, 326, and 327 mate, they may
bounce off of each other and open for a short time - called “contact bounce.” The contact
opening causes an arc to be drawn. The arc melts the contact surfaces 324c, 324d, 326g,
327g. When the contacts 324, 326, and 327 re-close, the molten metal solidifies and the
contacts 324, 326, 327 are welded together. Similarly, when the device is opening, the
contact surfaces 324c, 324d, 326g, 327g slide across each other prior to finally opening.
While sliding, they may bounce open (if the surfaces 324c¢, 324d, 326g, 327g are rough) and
then re-close. Welding could occur on reclosing.

[0065] The bottom end 330b of the elongated member 330 includes a protrusion (not
shown) configured to be disposed within a channel 331 defined by the aperture 316. The
elongated member 330 is configured to rotate about an axis of the aperture 316, within the
channel 331. In certain exemplary embodiments, bottom and interior edges of the bottom end
330b can substantially correspond to a profile of the top end 330a of the elongated member
330. For example, the bottom and interior edges can be configured to rotate about the axis of
the aperture 316, within grooves 332 of the bottom member 315.

[0066] Movement of the elongated member 330 about the axis of the aperture 316 causes
similar axial movement of the movable contact 324. That axial movement causes end 324a
of the movable contact 324 to move relative to stationary contacts 326, within interior
rotation region 322, and end 324b of the movable contact 324 to move relative to stationary
contact 327, within interior rotation region 323. As described in more detail below, with
reference to Figures 9-11, movement of the movable contact ends 324a and 324b relative to
the stationary contacts 326 and 327 opens and closes the primary circuit of the transformer.

When the movable contact ends 324a and 324b engage the stationary contacts 326 and 327,
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the primary circuit is closed. When the movable contact ends 324a and 324b disengage the
stationary contacts 326 and 327, the primary circuit is opened.

[0067] In certain exemplary embodiments, an operator can rotate the handle 150, which is
coupled to the rotor assembly 320, to move the movable contact ends 324a and 324b relative
to the stationary contacts 326 and 327. The top end 330a of the elongated member 330
includes a substantially “H”-shaped protrusion 330f configured to receive a corresponding,
substantially “H”-shaped notch 370a of a rotor pivot 370 of the trip housing 210. A person of
ordinary skill in the art having the benefit of the present disclosure will recognize that, in
certain alternative exemplary embodiments, many other suitable mating configurations may
be used to couple the elongated member 300 with the rotor pivot 370. The rotor pivot 370 is
coupled to the handle 150 via a handle pivot 371 of the trip housing 210. The rotor pivot 370
is coupled to the handle pivot 371 via torsion springs 372. Rotation of the handle 150 causes
the handle pivot 371, rotor pivot 370, and rotor assembly 320 coupled thereto to rotate about
the axis of the aperture 316 of the bottom member 315. Manual operation of the switch 100
is described in more detail below.

[0068] In certain alternative exemplary embodiments, a motor can be coupled to the
handle 150 and/or the handle pivot 371 for automatic, remote operation of the switch. As
described below, in certain exemplary embodiments, the movable contact ends 324a and
324b also can automatically be moved by the trip assembly 305 coupled to the rotor assembly
320.

[0069] The top member 310 of the arc chamber assembly 215 includes an interior profile
that substantially corresponds to the interior profile of the bottom member 315. The top
member 310 includes an aperture 350 disposed substantially co-axial with the aperture 316 of
the bottom member 315. The aperture 350 defines a channel 351 configured to receive the
substantially “H”-shaped protrusion 330f of the rotor assembly 320. The protrusion 330f is
rotatable about the axis of the aperture 316, within the channel 351. A bottom surface 310a
of the top member 310 includes grooves (not shown) within which top and interior edges in a
top end 330a of the elongated member 330 of the rotor assembly 320 can rotate.

[0070] Each of the bottom surface 310a of the top member 310 and the interior surfaces
319a and 321a of the rotation members 319 and 321 of the bottom member 315 includes
vents 345 configured to allow ingress and egress of dielectric fluid (not shown) for
extinguishing electric arcs. As is well known in the art, separation of electrical contacts

during a circuit opening operation generates an electrical arc. The arc contains metal vapor
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that is boiled off the surface of each electrical contact. The arc also contains gases
disassociated from the dielectric fluid when it burns. The electrically charged metal-gas
mixture is commonly called “plasma.” Such arcing is undesirable, as it can lead to metal
vapor depositing on the inside surface of the switch 100 and/or the transformer, leading to a
degradation of the performance thereof. For example, the metal vapor deposits can degrade
the voltage withstand ability of the switch 100.

[0071] In certain exemplary embodiments, quadrants of the arc chamber assembly 215
are configured to force arc plasma out of the switch 100. For example, two diagonal
quadrants 398 can be arc chambers, and two other quadrants 397 can house other components
and be “fresh™ fluid reservoirs. Dielectric fluid can fill between the other components in the
reservoir quadrants. When an arc is generated in the quadrants 398, it can burn the dielectric
fluid in the quadrants 398 and generate arc gases. Metal vapor from the contacts 324, 326,
and 327 can mix with the gas to create arc plasma.

[0072] As arc gas is generated, the internal pressure of each arc chamber increases. A
path from the arc chambers back past or through the elongated member 330 to the reservoir
quadrants 397 can include a labyrinth of obstructions to fluid and gas flow. Conversely, there
can be little obstruction to flow toward the outside of the arc chambers through the vents 345.
A pressure gradient can develop that causes flow predominantly toward the vents 345,
carrying the arc plasma out to and against front edges of the vents 345.

[0073] The heat of the electric arc buns and degrades the dielectric fluid around it. The
vents 345 allow the degraded dielectric fluid and arc gas resulting from the burning of the
electric arc to exit the arc chamber assembly 215 and be replaced with fresh dielectric fluid
from the transformer tank (not shown). Replacing degraded dielectric fluid with fresh
dielectric fluid prevents arc restrikes. Restrikes are less likely to occur because fresh fluid
has superior dielectric properties.

[0074] In certain exemplary embodiments, each of the stationary contacts 326 and 327
has an “L” shape (shown best in Figs. 10-11). The “foot” of the “L” (containing the circular
member 326e, 327¢) can be substantially parallel with the movable contact 324. When an arc
connects the open contacts 324, 326, and 327, electrical current flows through the foot,
through the arc, and through the movable contact 324. The current in the foot flows in a
direction opposite the current flowing in the movable contact 324. Therefore, the bend in
each stationary contact 326, 327 causes the current to “turn back” on itself with respect to the

direction of current flow in movable contact 324.
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[0075] When electric current flows in a conductor (such as a contact), a magnetic field is
generated that encircles the conductor. An analogy is a ring on a finger. The ring represents
the magnetic field. The finger represents the current flowing in the conductor. Magnetic flux
flows in the magnetic field around the conductor.

[0076] Figure 4 illustrates magnetic flux between open contacts 324, 326, and 327 inside
the arc chamber assembly 215 (Figure 3), in accordance with certain exemplary
embodiments. In Figure 4, the circles labeled with an “X” indicate where flux flows into
surfaces 319a and 321a, and the circles labeled with dots indicate where flux flows out of the
surfaces 319a and 321a, when current (I) flows in the direction shown. From dots to X’s,
opposing north and south magnetic poles are established. Inside a current loop created by the
contacts 324, 326, and 327 and arc, all of the circles have the same label (dot or X) and
therefore the same magnetic polarity.

[0077] The like polarity causes a repulsive force that is translated to and acts on the
conductors that carry the current. The contacts, being solid, stiff, and substantially anchored
to the arc chamber member 315, are not moved by the magnetic force. The arc plasma,
however, is not solid or stationary, and thus, can be affected by the repulsive force. For
example, the repulsive force can push a center area of the arc out, toward the vents 345. The
repulsive force also can prevent roots of the arc from moving inward along edges of the
contacts 324, 326, and 327, toward the elongated member 330.

[0078] With reference to Figure 3, in certain exemplary embodiments, surfaces 319a and
321a are not perpendicular to an axis through aperture 316. The same may be true for like
surfaces on the bottom surface 310a of the top member 310. When members 310 and 315 are
coupled together, a distance between these interior surfaces can be larger towards the centers
of the members 310 and 315, proximate the elongated member 330, than towards the outer
edges of the members 310 and 315, proximate the vents 345. These differences in distances
create a “sloped” geometry in the arc chamber assembly 215. This sloped geometry can
cause an arc to be squeezed as it is moved out toward the vents 345. The arc prefers to have a
round cross sectional shape, as that shape helps to minimize resistance in the arc column and,
therefore, minimizes arc voltage generated across the arc. By squeezing the arc into an
oblong cross sectional shape, arc voltage is increased, helping to extinguish the arc.

[0079] In certain exemplary embodiments, the vents 345 can be designed in smooth up
and down transitions and without perpendicular walls or other obstructions to the flow of

dielectric fluid to prevent the arc from echoing off of a perpendicular tank wall and
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rebounding back into the arc chamber assembly 215. The vents 345 also can be sized and
shaped to prevent the arc from traveling outside the arc chamber assembly 215 and striking
the tank wall or other internal transformer components. In certain exemplary embodiments,
walls that form the vents can be substantially “V” shaped with the wider end of the V being
towards the outside edge of the arc chamber assembly 215. This shape can direct individual
jets of arc gasses away from each other. The purpose of this directional flow is to prevent
mingling of the gas jets into an arc plasma bubble outside of the arc chamber assembly 215.
If a plasma bubble forms outside the device, the arc could strike, burn, and short out to other
transformer components and prolong the fault condition.

[0080] A top surface 310b of the top member 310 is coupled to the trip assembly 305,
which is configured to automatically open the primary circuit upon a fault condition. Cradles
349 extending substantially perpendicular from the top surface 310b are configured to receive
protrusions 352g extending from a rocker 352 of the trip assembly 305. The protrusions 352¢g
rest within the cradles 349, suspending the rocker 352 proximate the top surface 310b. A
magnet 353 rests within a cradle 352h of the rocker 352 and extends through apertures 355a
and 355b of the top member 310 and the bottom member 315, respectively, of the arc
chamber assembly 215.

[0081] A bottom surface 353a of the magnet 353 is configured to engage a top surface
390a of a Curie metal element 390 coupled to the bottom member 310 via screws 392 and
393. The Curie metal element 390 is electrically coupled to the stationary contact 326 via the
connection member 328. The Curie metal element 390 also is electrically coupled to a
threaded screw 356 about which at least one wire of an electrical circuit may be wound. For
example, the wire 340 (Figure 1) of the primary circuit of the transformer may be wound
about the threaded screw 356. Thus, electrical current from the wire 340 to the stationary
contact 326 passes through the Curie metal element 390.

[0082] The Curie metal element 390 includes a material, which loses its magnetic
properties when it is heated beyond a predetermined temperature, i.e., a Curie transition
temperature. In certain exemplary embodiments, the Curie transition temperature is
approximately 140 degrees Celsius. For example, the Curie metal element 390 may be
heated to the Curie transition temperature during a high current surge through the Curie metal
element 390 or from a high voltage in the circuit or hot dielectric fluid conditions in the
transformer. One exemplary cause of a high current surge through the Curie metal element

390 is a fault condition in the transformer.
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[0083] When the Curie metal element 390 has a temperature at or below the Curie
transition temperature, the magnet 353 is magnetically attracted to the Curie metal element
390, thereby magnetically latching the bottom surface 353a of the magnet to the top surface
390a of the Curie metal element 390. When the Curie metal element 390 has a temperature
higher than the Curie transition temperature, the magnetic latch between the Curie metal
element 390 and the magnet 353 is released. This release is referred to herein as a “trip.”
When the magnetic latch is tripped, the trip assembly 305 causes the circuit electrically
coupled to the Curie metal element 390 to open.

[0084] Specifically, the trip causes a return spring 358 coupled to the rocker 352 of the
trip assembly 305 to actuate an end 352a of the rocker 352 coupled to the return spring 358
towards the top surface 310b of the top member 310. The return spring 358 also actuates
another end 352b of the rocker 352 comprising the magnet 353 away from the top surface
310b of the top member 310. Thus, the rocker 352 rotates along an axis defined by the
cradles 349 of the top member 310.

[0085] In certain alternative exemplary embodiments, a solenoid (not shown) can be
used instead of the magnet 353 to actuate the rocker 352. The solenoid can be operated
through electronic controls (not shown). The electronic controls may provide greater
flexibility in trip parameters such as trip times, trip currents, trip temperatures, and reset
times. The electronic controls also may provide for remote trips and resets.

[0086] The return spring 358 is a coil spring having a first end 358a and a second end
358b. The first end 358a is disposed within a pocket 352¢ in a top surface 352d of the rocker
352. The second end 358b of the return spring 358 is disposed within a pocket 380a of a
bottom member 380 of the trip housing 210.

[0087] The return spring 358 exerts a spring force against the end 352a of the rocker 352
in the direction of the top member 310. The spring force is less than a magnetic force
between the magnet 353 and the Curie metal element 390, when the magnet 353 and the
Curie metal element 390 are magnetically latched. The magnetic force is a force against the
end 352b of the rocker 352 in the direction of the top member 310. Thus, when the magnet
353 and Curie metal element 390 are magnetically latched, the net of the spring force and the
magnetic force is a force that maintains the end 352a away from the top member 310 and the
end 352b towards the top member 310. When the magnetic latch between the magnet 353

and the Curie metal element 390 is released, the spring force is greater than the magnetic
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force, causing the end 352a to move towards the top member 310 and the end 352b to move
away from the top member 310.

[0088] This rotation causes a trip spring 359 coupled to the rocker 352 via a trip rotor 360
to rotate the trip rotor 360 about the axis of the aperture 350 of the top member 310. The trip
spring 359 is a coil spring having a first tip 359a extending proximate a top end 359b of the
trip spring 359 and a second tip 359¢ extending proximate a bottom end 359d of the trip
spring 359. The first tip 359a interfaces with a notch 361 of the trip rotor 360. The second
tip 359¢ interfaces with a protrusion 310c extending substantially perpendicular from the top
surface 310b of the top member 310.

[0089] The bottom end 359d of the trip spring 359 rests on the top surface 310b of the top
member 310, substantially about the aperture 350. The top end 359b of the trip spring 359 is
biased against a bottom surface 360a of the trip rotor 360, substantially about an aperture
360b thereof. Thus, the trip spring 359 is essentially sandwiched between the trip rotor 360
and the top member 310.

[0090] The trip rotor 360 includes a protrusion 360c extending substantially
perpendicular from a side edge 360d of the trip rotor 360. When the magnet 353 and Curie
metal element 390 are magnetically latched, a bottom surface 360e of the protrusion 360c
engages a surface 352e of the rocker 352, with an edge 360f of the protrusion 360c engaging
a protrusion 352f extending from the surface 352¢ of the rocker 352. The first tip 359a of the
trip spring 359 interfaces with the notch 361 of the trip rotor 360. The second tip 359b of the
trip spring 359 interfaces with a side edge 310d of the protrusion 310c of the top member
310. The trip spring 359 exerts a spring force on the trip rotor 360, in a clockwise direction
about the aperture 350. This force is counteracted by a mechanical force exerted by the
protrusion 352f of the rocker 352, in the opposite direction.

[0091] When the magnetic latch between the magnet 353 and the Curie metal element
390 is released, the protrusion 352f of the rocker 352 moves away from the edge 360f of the
trip rotor 360, releasing the mechanical force from the protrusion 352f of the rocker 352. The
spring force from the trip spring 359 causes the trip rotor 360 to rotate about the aperture 350,
in a clockwise direction. This movement causes the rotor assembly 320 coupled to the trip
rotor 360 to rotate, in a clockwise direction, about the aperture 316, as described below.
When the rotor assembly 320 rotates about the aperture 316, the ends 324a and 324b of the
movable contact 324 move away from the stationary contacts 326 and 327, respectively,

thereby opening the electrical circuit coupled to the stationary contacts 326 and 327.
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[0092] The aperture 360b of the trip rotor 360 is substantially co-axial with the apertures
350 and 316 of the top member 310 and the bottom member 315, respectively, of the first arc
chamber assembly 315. Each of the top end 330a of the elongated member 300 of the rotor
assembly 320 and a bottom end 370b of the rotor pivot 370 of the trip housing 210 extends
part-way through the aperture 360b of the trip rotor 360. The “H”-shaped protrusion 330f of
the elongated member 330 engages the corresponding, substantially “H”-shaped notch 370a
of the rotor pivot 370 within the aperture 360b.

[0093] The bottom end 370b of the rotor pivot 370 includes protrusions 370c, which
engage corresponding protrusions 360g of the trip rotor 360. The protrusions 370c and 360g
extend substantially perpendicularly from edges 370d and 360h, respectively of the rotor
pivot 370 and the trip rotor 360, within the aperture 360. With this arrangement, rotation of
the trip rotor 360 about the axis of the aperture 350 causes similar rotation of the rotor pivot
370 and the rotor assembly 320 coupled thereto.

[0094] A top end 370e of the rotor pivot 370 is disposed within a channel 371a of the
handle pivot 371 of the trip housing 210. The channel 371a is substantially co-axial with the
apertures 360b, 350, and 316 of the trip rotor 360, the top member 310, and the bottom
member 315, respectively, as well as an aperture 380b of the bottom member 380 of the trip
housing 210. The handle pivot 371 includes a substantially circular base member 371b and
an elongated member 371c extending substantially perpendicular from an upper surface 371d
of the base member 371b. The member 371c is disposed substantially about the axis of the
channel 371a, surrounding the top end 370e of the rotor pivot 370 extending therein.

[0095] Spring contact members 370g extending substantially perpendicular from the edge
370d of the rotor pivot 370, proximate the protrusions 370c, are coupled to a bottom surface
371D of the handle pivot 371 via springs 372. Each spring 372 is a coil spring having a first
tip 372a disposed within a channel 370f of one of the spring contact members 370g and a
second tip 372b disposed within a channel (not shown) in the bottom surface 371b of the
handle pivot 371.

[0096] The springs 372 are configured to exert spring forces on the rotor pivot 370 for
rotating the rotor pivot 370 (and the rotor assembly 320 and the trip rotor 360) about the axis
of the channel 371a during a manual operation of the switch 100. Actuation of a handle 150
coupled to the elongated member 371¢ of the handle pivot 371 exerts a rotational force on the
handle pivot 371, which transfers the rotational force to the rotor pivot 370 and the rotor

assembly 320 and trip rotor 360 coupled thereto. The primary function of the springs 372 is
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to minimize arcing between the stationary contacts 326 and 327 and the ends 324a and 324b
of the movable contact 324 in the arc chamber assembly 215 by very rapidly driving the
movable contact 324 into its open or closed positions.

[0097] Both the handle pivot 371 and the bottom member 380 are disposed substantially
within an interior cavity 382a of a top member 382 of the trip housing 210. The top member
382 has a substantially circular cross-sectional geometry and includes an elongated member
382b defining a channel 382c through which the elongated member 371c of the handle pivot
371 extends. Two o-rings 383 disposed about grooves 371e of the elongated member 371c,
within the channel 382¢ of the top member 382, are configured to maintain a mechanical seal
between the trip housing 210 and the handle pivot 371.

[0098] A set of screws (not shown) attach the top member 382 to the arc chamber
assembly 215. Another set of screws 385 attach the bottom member 380 to the arc chamber
assembly 215. The handle pivot 371 is essentially sandwiched between the top member 382
and the bottom member 380.

[0099] In certain exemplary embodiments, the top member 382 of the trip housing 210
includes a low oil lockout apparatus 386. The low oil lockout apparatus 386 includes a
vented channel 387 within which a float member 388 is disposed. The float member 388 is
responsive to changes in dielectric fluid level in the transformer. Specifically, the dielectric
fluid level in the transformer determines the position of the float member 388 relative to the
vented channel 387.

[00100] In operation, a first end 100a of the switch 100, including the handle 150 and the
elongated member 382 of the trip housing 210 of the switch 100, is disposed outside the
transformer tank, and a second end 100c of the switch 100, including the remainder of the trip
housing 210 and the arc chamber assembly 215, is disposed inside the transformer tank. The
vented channel 387 extends upward within the transformer tank. The height of the dielectric
fluid level relative to the vented channel 387 determines the height of the float member 388
relative to the vented channel 387. For example, when the dielectric fluid level is above the
vented channel 387, the float member 388 is disposed proximate a top end 387a of the vented
channel 387. When the dielectric fluid level is below the vented channel 387 in the tank, the
float member 388 is disposed proximate a bottom end 387b of the vented channel 387.
[00101]  Disposition of the float member 388 proximate the bottom end 387b of the vented
channel 387 locks the handle pivot 371 of the trip housing 215 (and the rotor pivot 370 and
rotor assembly 320 coupled thereto) in a fixed position. The float member 388 blocks
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rotation of the handle pivot 371 within the interior cavity 382a of the top member 382 of the
trip housing 210. Thus, the float member 388 prevents the switch 100 from opening and
closing the primary circuit of the transformer unless a sufficient amount of dielectric fluid
surrounds the stationary and movable contacts 326-327 and 324 of the switch 100.

[00102]  Figures 5 and 6 illustrate an exemplary fault interrupter and load break switch
400, in accordance with certain alternative exemplary embodiments of the invention. The
switch 400 is identical to the switch 100 described above with reference to Figures 2 and 3,
except that the switch 400 includes two arc chamber assemblies -- a first arc chamber
assembly 215 and a second arc chamber assembly 405. The trip assembly 305 disposed
between the trip housing 210 and the first arc chamber assembly 215 is configured to open
one or more electrical circuits associated with the first arc chamber assembly 215 and/or the
second arc chamber assembly 405.

[00103] The second arc chamber assembly 405 is substantially identical to the first arc
chamber assembly 215. The second arc chamber assembly 405 is coupled to the first arc
chamber assembly 215 via screws (not shown), which threadably extend through the first arc
chamber assembly 215, the second arc chamber assembly 405, and at least a portion of the
top member 382 of the trip housing 210. The elongated member 330 of the rotor assembly
320 of the first arc chamber assembly 215 includes a substantially “H”-shaped notch (not
shown) within the bottom end 330b thereof. The substantially “H”-shaped notch of the
elongated member 330 is configured to receive a corresponding, substantially “H”-shaped
protrusion 430f of a rotor assembly 420 of the second arc chamber assembly 215. A person
of ordinary skill in the art having the benefit of the present disclosure will recognize that, in
certain alternative exemplary embodiments, many other suitable mating configurations may
be used to couple the elongated member 430 of rotor assembly 420 with the rotor assembly
320.

[00104]  This arrangement allows the rotor assembly 420 to rotate substantially co-axially
with the rotor assembly 320 of the first arc chamber assembly 215. Thus, an opening or
closing operation, which rotates the rotor assembly 320 of the first arc chamber assembly
215, will rotate the rotor assembly 420 of the second arc chamber assembly 405.

[00105]  The second arc chamber assembly 405 may be used for two phase assemblies of
the switch 400. The second arc chamber assembly 405 also may be wired in series with the
first arc chamber assembly 215 to increase the voltage capacity of the switch 400. For

example, if a single arc chamber assembly 215 can interrupt 15,000 volts at 2,000 amps AC,
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then a combination of two arc chamber assemblies 215 and 405 may interrupt 30,000 volts at
2,000 amps AC. This increased voltage capacity is due to the fact that the two arc chamber
assemblies 215 and 405 break the circuit in 4 different places.

[00106]  With reference to Figures 1-6, when the arc chamber assemblies 215 and 405 are
connected in parallel, electric current can flow from the bushing 145 to the threaded screw
357 of the first arc chamber 215 via the primary circuit wire 140. The threaded screw 357
can be electrically connected to threaded screw 344 of the first arc chamber 215 via the
isolation link of the first arc chamber 215. When the contacts 324, 326, and 327 are engaged,
electric current can flow from the threaded screw 344 to the threaded screw 343, through the
contacts 324, 326, and 327. Similarly, electric current can flow from the threaded screw 343,
through the Curie metal element 390, to the threaded screw 356. The primary circuit wire
137 can electrically connect the threaded screw 356 to the windings 130 of the transformer
105. Similar electrical connections can exist between another bushing (not shown) of the
transformer 105 and the second arc chamber assembly 405, and between the second arc
chamber assembly 405 and the windings 130. Thus, in certain exemplary parallel
connections of the arc chamber assemblies 215 and 405, the arc chamber assemblies 215 and
405 are not directly connected to one another.

[00107] When the arc chamber assemblies 215 and 405 are connected in series, electric
current can flow from the bushing 145, through one of the arc chamber assemblies 215 and
405, through the other arc chamber assembly 215, 400, and to the windings 130. A
connecting wire (not shown) can connect the arc chamber assemblies 215 and 405. For
example, the electric current can flow from the bushing 145 to a threaded screw 357 of the
first arc chamber assembly 215, 405, and from the threaded screw 357 through an isolation
link, contacts 324, 326, and 327, and a threaded screw 343 of the first arc chamber assembly
215, 405. The connecting wire can connect the threaded screw 343 to a threaded screw 356
of the second arc chamber assembly 215, 405. Electric current can flow from the threaded
screw 356 of the second arc chamber assembly 405, 215, through a Curie metal element 390,
threaded screw 343, contacts 324, 326, and 327, and threaded screw 344 of the second arc
chamber assembly 214, 400. The electric current can flow from the threaded screw 344 to
the windings 130. For example, a wire 137 can connect the threaded screw 344 to the
windings.

[00108] In certain alternative exemplary embodiments, more than two arc chamber

assemblies may be provided for increased phases and voltage capacity. For example, the
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switch 100 can include three arc chamber assemblies, wherein each arc chamber assembly is
electrically coupled to a different phase of three-phase power. Similar to the in-parallel
configuration discussed above, each of the arc chamber assemblies can be connected to a
different bushing and to its corresponding phase of the transformer.

[00109]  Figures 7-9 are elevational cross-sectional side views of an arc chamber assembly
215 and trip assembly 305 of the exemplary fault interrupter and load break switch 100,
which is moved from a closed position, as shown in Figure 7, to an intermediate position, as
shown in Figure 8, to an open position, as shown in Figure 9, in accordance with certain
exemplary embodiments. Such operation will be described with reference to the switch 100
depicted in Figure 3.

[00110] In the closed position, the Curie metal element 390 of the arc chamber assembly
215 has a temperature at or below the Curie transition temperature. Thus, the Curie metal
element 390 is magnetic. The top surface 390a of the Curie metal element 390 magnetically
engages the bottom surface 353a of the magnet 353. This engagement exerts a force against
the end 352b of the rocker 352 of the trip assembly 305 in the direction of the Curie metal
element 390. This force is greater than a spring force being exerted by the return spring 358
against the end 352a of the rocker 352 in the direction toward the top member 310.

[00111] In the closed position, the ends 324a and 324b of the movable contact 324 of the
rotor assembly 320 engage stationary contacts (not shown in Figures 7-9) disposed within the
bottom member 315 of the arc chamber assembly 215. An electrical circuit (not shown)
coupled to the stationary contacts is closed. Current in the circuit flows from one of the
stationary contacts, through the end 324a of the movable contact 324 to the end 324b (not
shown in Figures 7-9) of the movable contact 324, to the other of the stationary contacts.
[00112] When the Curie metal element 390 is heated to a temperature above the Curie
transition temperature, the magnetic permeability of the Curie metal element 390 is reduced.
For example, the Curie metal element 390 may be heated to such a temperature during a high
current surge through the Curie metal element 390 or from hot dielectric fluid conditions in
the transformer. One exemplary cause of a high current surge through the Curie metal
element 390 is a fault condition in the transformer (not shown) coupled to the switch.

[00113] When the magnetic permeability of the Curie metal element 390 is reduced, the
magnetic latch between the Curie metal element 390 and the magnet 353 is tripped, causing
the circuit coupled to the stationary contacts to open. Specifically, as the magnetic

permeability of the Curie metal element 390 is reduced, the magnetic force between the
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magnet 353 and the Curie metal element 390 becomes less than the force exerted by the
return spring 358. Thus, the trip causes the return spring 358 coupled to the rocker 352 to
actuate the end 352a of the rocker 352 coupled to the return spring 358 towards the top
surface 310b of the top member 310. The return spring 358 also actuates another end 352b of
the rocker 352 comprising the magnet 353 away from the Curie metal element 390.

[00114] This actuation causes the rocker 352 to move away from an edge 360f (Figure 3)
of the trip rotor 360, releasing a mechanical force between the rocker 352 and the trip rotor
360. A spring force from the trip spring 359 of the trip assembly 305 causes the trip rotor
360 to rotate about the aperture 350 of the top member 310 of the arc chamber assembly 215,
in a clockwise direction. This movement causes the rotor assembly 320 coupled to the trip
rotor 360 to rotate, in a clockwise direction, about the axis of the aperture 350. When the
rotor assembly 320 rotates about the axis of the aperture 350, the ends 324a and 324b of the
movable contact 324 move away from the stationary contacts 326 and 327, thereby opening
the electrical circuit coupled to the stationary contacts 326 and 327.

[00115] Figures 10-12 are elevational top views of stationary contacts 326-327 and a
movable contact 324 contained within interior rotation regions 322 and 323 of the bottom
member 315 of the arc chamber assembly 215 of the exemplary fault interrupter and load
break switch 100 moving from a closed position, as shown in Figure 10, to an intermediate
position, as shown in Figure 11, to an open position, as shown in Figure 12, in accordance
with certain exemplary embodiments. Such operation will be described with reference to the
switch 100 depicted in Figure 3.

[00116] In the closed position, end 324a of the movable contact 324 engages stationary
contact 326 within the interior rotation region 322, and end 324b of the movable contact 324
engages stationary contact 327 within the interior rotation region 323. A circuit (not shown)
coupled to the stationary contacts 326 and 327 is closed. For example, current in the circuit
may flow from a wire (not shown) wound about screw 356, through the Curie metal element
390 to the stationary contact 326, through the end 324a of the movable contact 324 to the end
324b of the movable contact 324, through the stationary contact 327 to a wire (not shown)
wound about screw 357.

[00117] In the intermediate position, illustrated in Figure 11, the ends 324a and 324b of
the movable contact 324 move away from the stationary contacts 326 and 327, respectively,
thereby beginning the opening of the circuit. End 324a rotates within the interior rotation

region 322. End 324b rotates within the interior rotation region 323.
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[00118] In the fully open position, illustrated in Figure 12, the ends 324a and 324b of the
movable contact 324 are completely disengaged from the stationary contacts 326 and 327,
respectively. The circuit coupled to the stationary contacts 326 and 327 is opened, as current
cannot flow between the disengaged movable contact 324 and stationary contacts 326 and
327. The circuit is opened in two places -- the junction between end 324a and stationary
contact 326 and the junction between end 324b and stationary contact 327.

[00119] This “double break” of the circuit increases the total arc length of the electric arc
generated during the circuit opening. An arc having an increased arc length has an increased
arc voltage, making the arc easier to extinguish. The increased arc length also helps to
prevent arc restrikes.

[00120] In a switch closing operation, the ends 324a and 324b rotate within the interior
rotation regions 322 and 323, respectively, until they engage stationary contacts 326 and 327,
respectively. The ends 324a and 324b and the stationary contacts 326 and 327 are designed
to minimize bounce on contact closing. With reference to Figure 3, each stationary contact
326, 327 includes an angled ramp surface 326g, 327g on which the end 324a, 324b slides
during the closing operation. The ramp angle allows each movable contact end 324a, 324b to
move up approximately 0.20 inches and compress a movable contact spring (not shown)
disposed between the ends 324a and 324b, within the elongated member 330 of the rotor
assembly 320, to a proper contact force. The ramp angle also allows for lower friction during
contact opening operations.

[00121] In certain exemplary embodiments, the ramp angle can be small enough that,
when the switch 100 is closed, each movable contact end 324a, 324b does not slide down its
corresponding ramp, but also large enough to allow the contact ends 324a and 324b to slide
down their corresponding ramps with minimal pressure during a switch opening operation.
This can reduce the force required to open the switch 100 and also can allow the switch 100
to include multiple arc chamber assemblies 215 without requiring greater forces to overcome
the friction associated with traditional pinch contact structures.

[00122]  Figures 13-19 illustrate an exemplary fault interrupter and load break switch 1300,
in accordance with certain alternative exemplary embodiments. The switch 1300 will be
described with reference to Figures 13-19. The switch 1300 is substantially similar to the
switch 100 described above, except that the switch 1300 includes a low oil trip assembly
1305 in place of the low oil lockout apparatus 386 and a sensor element 1315 (see Figure

15¢) in place of the Curie metal element 390. In addition, the switch 1300 includes an
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indicator assembly 1310 and an adjustable rating functionality that are not present in the
switch 100.

[00123] The low oil trip assembly 1305 is similar to the low oil lockout apparatus 386 of
the switch 100, except that, in addition to, or in place of, the lockout functionality of the low
oil lockout apparatus 386, the low oil trip assembly 1305 is configured to cause an electrical
circuit associated with the switch 1300 to open when a dielectric fluid level in the transformer
falls below a minimum level. In other words, the low oil trip assembly 1305 is configured to
automatically trip the switch 1300 to an “off” position when the dielectric fluid level falls
below the minimum level.

[00124]  As best seen on Figures 15, 18, and 19, the low oil trip assembly 1305 includes a
float assembly 1306 and a spring 1825. The float assembly 1306 includes a frame 1805
within which a float member 1810 is at least partially disposed. The float member 1810
includes a material that is configured to be responsive to changes in the dielectric fluid level
in the transformer. Specifically, the float member 1810 includes a material that is configured
to float in the dielectric fluid such that the dielectric fluid level in the transformer can
determine the position of the float member 1810 relative to the frame 1805. The float
member 1810 has a weight sufficient to overcome friction to trip the switch 1300 in low
dielectric fluid level conditions, as described hereinafter.

[00125] For example, when the dielectric fluid level is above a minimum level, a gap can
exist between a bottom end 1810a of the float member 1810 and a base member 1805a of the
frame 1805, substantially as illustrated in Figure 18. In this position, a cam 1813 of the float
member 1810 engages a lever 1815 of the assembly 1305, within a float cage 1820. The cam
1813 rests on a pivot member 1820a of the float cage 1820. The spring 1825 exerts a spring
force against an end 1815a of the lever 1815, in a direction of the pivot member 1820a of the
float cage 1820. The cam 1813 of the float member 1810 prevents the end 1815a of the lever
1815 from engaging the pivot member 1820a and from moving past the cam 1813.

[00126] When the dielectric fluid level recedes below the minimum level, the weight of
the float member 1810 causes the float member 1810 to rotate relative to the pivot member
1820a of the float cage 1820, with the bottom end 1810a of the float member 1810 moving
towards the base portion 1805a of the frame 1805 and the cam 1813 moving towards a side
member 1820b of the float cage 1820 and away from the lever 1815. This movement allows
the spring force of the spring 1825 to actuate the end 1815a of the lever 1815 towards the
pivot member 1820a of the float cage 1820 and past the cam 1813.
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[00127]  As the end 1815a moves towards the pivot member 1820a of the float cage 1820,
another, opposite end 1815b of the lever 1815 moves in the opposite direction, towards a top
member 310 of an arc chamber assembly 1390 of the switch 1300. This movement causes
the end 1815b of the lever 1815 to actuate an end 352a of a rocker 352 of the switch 1300
towards a top surface 310b of the top member 310. This actuation of the rocker 352 can
release a trip rotor 360 to thereby open an electrical circuit associated with the switch 1300,
substantially as described above in connection with the switch 100. Figure 19 illustrates the
switch 1300 after completion of a low oil trip operation, in accordance with certain
exemplary embodiments.

[00128] To reset the switch 1305, and thus to re-close the electrical circuit, an operator can
turn a handle 1320 of the switch 1300 to actuate the end 352a of the rocker 352 back, in a
direction away from the top surface 310b of the arc chamber assembly 1390. This movement
can cause the end 1815b of the lever 1815 to similarly move in a direction away from the top
surface 310b of the arc chamber assembly 1390. The opposite end 1815a of the lever 1815
can move in an opposite direction, away from the pivot member 1820a of the float cage 1820.
In moving away from the pivot member 1820a, the end 1815a of the lever 1815 can at least
partially compress the spring 1825 and move away from the cam 1813,

[00129] If sufficient dielectric fluid is present in the transformer, the float member 1810
can rotate relative to the pivot member 1820a of the float cage 1820, with the bottom end
1810a of the float member 1810 moving in a direction away from the base portion 1805a of
the frame 1805 and the cam 1813 moving in a direction away from the side member 1820b of
the float cage 1820. For example, the cam 1813 can lodge itself substantially between the
pivot member 1820a of the float cage 1820 and the end 1815a of the lever, as illustrated in
Figure 18. If sufficient dielectric fluid does not exist in the transformer, the switch 1300 may
not be reset because the spring 1825 will continue to actuate the lever 1815.

[00130] In certain exemplary embodiments, the low oil trip assembly 1305 may be
configured to be selectively attached to, and removed from, the switch 1300. To
accommodate an application where low oil trip functionality is desired, the operator can
install the low oil trip assembly 1305 in the switch 1300. For example, the operator can
install the low oil trip assembly 1305 by inserting the spring 1825 in a hole 1826 in a bottom
member 1820c of the float cage 1820 and snapping together one or more notches and/or
protrusions in the float assembly 1306 and the arc chamber assembly 1390. A bottom end

1825a of the spring 1825 can rest on the top surface 310b of the arc chamber assembly 1390.
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[00131] To accommodate an application where low oil trip functionality is not desired, an
operator can remove the low oil trip assembly 1305 from the switch 1300. For example, the
operator can remove the low oil trip assembly 1305 by pulling apart the float assembly 1306
and the arc chamber assembly 1390. Once removed, the operator can install and operate the
switch 1300 as is, or the operator can replace the low oil trip assembly 1305 with a barrier
element 1307 (Fig. 15) or other device.

[00132] Figure 20 is an elevational view of the float member 1810, in accordance with
certain exemplary embodiments. The float member 1810 includes an elongated member
2010 acting as a lid for multiple chambers 2000. Each of the chambers 2000 is configured to
house air or another gas or fluid. For example, the air or other gas or fluid can be buoyant,
providing or enhancing the ability of the float member 1810 to float in the dielectric fluid.
[00133] In certain exemplary embodiments, a double seal can separately seal each
chamber 2000 and the elongated member 2010. For example, the elongated member 2010,
and each chamber 2000 therein, can be separately sonically welded shut. In other words, the
elongated member can be sonically welded around a perimeter of each chamber 2000 and
also around a perimeter of the float 1810. Such a seal can prevent failure of the float member
1810 by preventing dielectric fluid from flooding the chambers 2000. For example,
separately sealing each chamber 2000 can prevent flooding in one chamber 2000 from
spreading to other chambers 2000.

[00134]  The indicator assembly 1310 includes an indicator 1861 having a front face 1861a
and a bottom end 1861b. As best seen on Figure 13, the front face 1861 includes a label
1861¢ indicating a current operating state of the switch 1300. For example, the label 1861c
can include an arrow, the direction of which indicates whether the switch 1300 is “on” or
“off.” The front face 1861a of the indicator 1861 is substantially disposed within a framed
annular recess 1320a of the handle 1320. The annular recess 1320a and its corresponding
frame 1320b are disposed substantially about a channel 1320c (Figure 15a) of the handle
1320.

[00135] The bottom end 1861b of the indicator 1861 extends through channels 1320c,
382c, and 1871a of the handle 1320, a top member 382 of the switch 1300, and a handle pivot
1871 of the switch 1300, respectively. A magnet 1865 extends through the bottom end 1861b
of the indicator 1861, substantially perpendicular to an axis thereof. When the switch 1300 is
assembled, the bottom end 1861b of the indicator 1861 is disposed proximate an end 1872a
of a rotor pivot 1872. A segment 1871b (Fig. 18) of the handle pivot 1871 is disposed
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between the bottom end 1861b of the indicator 1861 and the end 1872a of the rotor pivot
1872. For example, the segment 1871b can prevent dielectric fluid from leaking from within
the transformer tank to the outside of the transformer tank.

[00136]  The rotor pivot 1872 is identical to the rotor pivot 370 of the switch 100, except
that the rotor pivot 1872 includes a magnet 1870, which extends through the end 1872a of the
rotor pivot 1872, substantially perpendicular to an axis of the rotor pivot 1872 and
substantially parallel to the magnet 1865. In certain exemplary embodiments, north and
south poles of the magnets 1865 and 1870 are aligned with one another such that movement
of the rotor pivot 1872 causes like movement of the indicator 1861 based on the magnetic
attraction between the magnets 1865 and 1870. Thus, rotation of the rotor pivot 1872 during
a trip of the switch 1300 can cause like rotation of the indicator 1861. Similarly, rotation of
the rotor pivot 1872 during a re-activation of the switch 1300 can cause like rotation of the
indicator 1861. This rotation can cause the label 1861c to move relative to the frame 1320b.
[00137] In certain exemplary embodiments, a bottom end of the frame 1320b includes a
notch 1320d through which a portion of a side face 1861d of the indicator 1861 is visible.
Similar to the label 1861c, the side face 1861d can include a label 1861e indicating whether
the switch 1300 is “on” or “off.” For example, the label 1861e can include a colored area that
is only visible through the notch 1320d when the switch 1300 is off. When the switch 1300
is on, another portion of the side face 1861d--that does not include the label 1861e--can be
visible within the notch 1320d. Thus, instead of, or in addition to, looking at the label 1861c,
an operator can look up, at the side face 1861d of the installed switch 1300 to determine
whether the switch 1300 is on or off.

[00138] In certain exemplary embodiments, another magnet 1875 can extend through the
bottom end 1861b of the indicator 1861, with the magnet 1865 being disposed between the
magnet 1875 and the magnet 1870. A sensor or other device can interact with the magnet
1875 to retrieve and/or output information regarding the switch 1300. For example, an
electronics package (not shown) can interact with the magnet 1875 to determine the current
state of the switch 1300 and/or to transmit information regarding the current state of the
switch 1300 to an external device.

[00139]  Figures 21-22 illustrate the sensor element 1315 and a sensor element cover 2105
of the switch 1300, in accordance with certain exemplary embodiments. With reference to
Figures 13-22, the sensor element 1315 includes at least one sensor 1610a-c electrically

coupled to one of the stationary contacts 326 and 327 of the switch 1300. For example, the
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sensor element 1315 can be electrically connected between the stationary contact 327 and a
primary winding (not shown) of a transformer (not shown) associated with the switch 1300.
[00140] Like the Curie metal element 390, each sensor 1610 of the sensor element 1315
includes a material, such as a nickel-iron alloy, that loses its magnetic properties when it is
heated beyond a predetermined “Curie transition temperature.” The resistance of the sensor
element 1315 is directly related to the amount of this material present in the sensor element
1315. A sensor element 1315 with a relatively high resistance will become hotter (and thus,
less magnetic) than a sensor element 1315 with a relatively low resistance, under similar
operating conditions. Thus, a higher resistance sensor element 1315 can be more sensitive to
certain fault conditions than a lower resistance sensor element 1315. In other words, the
higher resistance sensor element 1315 can cause the switch 1300 to trip in less problematic
conditions than may be required to trip a switch 1300 that includes a lower resistance sensor
element 1315.

[00141] Different applications of the switch 1300 may call for different resistance levels of
the sensor element 1315. For example, it may be desirable to include a higher resistance
sensor element 1315 in the switch 1300 to allow fault interruption at a lower dielectric fluid
temperature and/or lower current surge than if a lower resistance sensor element was
employed. An operator can accommodate different resistance requirements by using
different sensor elements 1315 for different applications.

[00142] In certain exemplary embodiments, a higher resistance may be achieved by using
a sensor element 1315 that includes multiple sensors 1610 electrically connected in series.
For example, as illustrated in Figure 21, three sensors 1610a-c can be stacked together, with
an insulating member 1615 disposed between each pair of neighboring sensors 1610a-c,
between the sensor 1610c¢ and the cover 2105, and between the sensor 1610a and the switch
1300.

[00143] Each insulating member 1615 can comprise a non-conductive material, such as
polyester. In certain exemplary embodiments, each insulating member 1615 can be capable
of withstanding a temperature of at least about 140 degrees. Each of the insulating members
1615 can be shaped so that the neighboring sensors 1610 can contact one another on opposite
ends of the sensor element 1315. For example, an end 1610aa of a first sensor 1610a can
contact an end 1610bb of a second sensor 1610b, and another end 1610ba of the second
sensor 1610b can contact an end 1610cb of a third sensor 1610c. These connections can

cause electric current to flow through the sensors 1610a-c in a “serpentine” shape. For
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example, electric current can flow from the stationary contact 327, through at least one
terminal 1620, 1625 to an end 1610ab of the first sensor 1610a, through the first sensor 1610a
to the end 1610aa of the first sensor 1610a, from the end 1610aa of the first sensor 1610a to
the end 1610bb of the second sensor 1610b, through the second sensor 1610b to the end
1610ba of the second sensor 1610b, from the end 1610ba of the second sensor 1610b to the
end 1610cb of the third sensor 1610c, through the third sensor 1610c to an end 1610ca of the
third sensor 1610c, and from the end 1610ca to an “out” terminal 1630 (Figs. 16-17) of the
switch 1300.

[00144] In certain exemplary embodiments, at least a portion of the electric current can
flow from the terminal(s) 1620, 1625 to the end 1610ab of the first sensor 1610a via a screw
1635 (Figs. 16-17) that extends through holes 1645a,b, and ¢ in the sensors 1610a-c. For
example, holes 1645b and 1645c in the sensors 1610b and 1610c, respectively, can be larger
in diameter than a hole 1645a in the sensor 1610a so that the screw 1635 does not contact the
sensors 1610b and 1610c. Thus, electric current may flow between the screw 1635 and the
sensor 1610a, but not between the screw 1635 and the sensors 1610b and 1610c.

[00145]  Similarly, in certain exemplary embodiments, at least a portion of the electric
current can flow from the end 1610ca of the third sensor 1610c to the out terminal 1630 via a
screw 1646 that extends through holes 1640a-c in the sensors 1610a-c. For example, holes
1640a and 1640b in the sensors 1610a and 1610b, respectively, can be larger in diameter than
a hole 1640c in the sensor 1610c so that the screw 1646 does not contact the sensors 1610a
and 1610b. Thus, electric current may flow between the screw 1646 and the sensor 1610c,
but not between the screw 1646 and the sensors 1610a and 1610b. For example, one or both
of the screws 1635 and 1646 can secure the sensor element 1315 and/or sensor element cover
2105 to a bottom end of the switch 1300.

[00146] In certain exemplary embodiments, each screw 1635, 1646 can be secured to the
bottom end of the switch 1300 via a nut 1647. For example, each nut 1647 can be a “captive
nut,” meaning that the nut 1647 is fixedly disposed within a recess in the bottom end of the
switch 1300. A plastic or other material about each recess can keep each captive nut 1647
from rotating. Thus, the screws 1635, 1646 may be tightened without rotation of the captive
nut 1647. In certain exemplary embodiments, a back end of each nut 1647 can include a
flange configured to prevent the nut 1647 from being pushed through the recess during
assembly and operation of the switch 1300. The nuts 1647 can provide a solid electrical joint

for current transfer. For example, the terminal 1630 may contact the nut 1647 associated
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with the screw 1646, allowing electric current to flow from the screw 1646 to the nut 1647,
and from the nut 1647 to the terminal 1630.

[00147] The generally serpentine path of the electric current can allow the sensor element
1315 to have a resistance of approximately three times that of a single sensor 1610, with a
distance between ends of the sensor element 1315 being substantially equal to a distance
between ends of the single sensor 1610. Thus, the sensor element 1315 can have an increased
resistance in a relatively compact area. For example, the sensor element 1315 can fit into a
standard-sized sensor element cover 1605 or support on the switch 1300.

[00148]  In certain exemplary embodiments, the sensor element cover 1605 is comprised of
a non-conductive material, such as plastic. An interior profile of the sensor element cover
1605 generally corresponds to a profile of the sensor element 1315. Thus, the sensor element
cover 1605 can be configured to encase at least a portion of the sensor element 1315 when
the sensor element 1315 is installed in the switch 1300. The sensor element cover 1605 can
provide structural support to the sensor element and also can protect the sensor element 1315
from damage during shipping, installation, and damage due to rough or improper handling.
In certain exemplary embodiments, one or more tabs 1650 of the sensor element 1315 can be
configured to be crimped around an outer edge 1605a of the sensor element cover 1605 to
secure the sensor element 1315 to the sensor element cover 1605.

[00149]  As illustrated in Figures 16 and 17, in certain exemplary embodiments, the switch
1300 may or may not include the terminal 1625. For example, the terminal 1625 may be
used in dual voltage transformer applications, to shunt current away from the sensor element
1315. In other applications, the terminal 1625 may not be included in the switch 1300. To
ensure proper wiring of the switch 1300 within a transformer, each terminal 1625, 1630, and
1633 of the switch 1300 may be labeled. For example, the terminal 1625 may be labeled
“DV,” the terminal 1630 may be labeled “OUT,” and the terminal 1633 may be labeled “IN.”

[00150]  The adjustable rating functionality of the switch 1300 allows an operator to adjust
a load carrying capability of the switch 1300. For example, the adjustable rating functionality
can enable the switch 1300 to handle a required overload condition, such as a current level of
about twenty percent to twenty-five percent higher than switches without the adjustable rating
functionality, without tripping. This functionality can be achieved by increasing the force
required to trip the switch 1300. For example, the required force can be increased by

increasing a force between the sensor element 1315 and the magnet 353 of the switch 1300.
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[00151]  As illustrated in Figure 3, the magnet 353 may be directly coupled to a rocker 352
of the switch 1300. Alternatively, as illustrated in Figure 15, the magnet 353 may be coupled
to the rocker 352 via a magnet holder 1391. For example, the magnet holder 1391 can
include a lever 1392 that contacts a bottom side of the rocker 352 when the switch is in the
“on” position.

[00152] In certain exemplary embodiments, at least one magnet 1840 (Fig. 15a) can be
used to increase the force between the sensor element 1315 and the magnet 353. For
example, the magnet 1840 can be at least partially disposed within a cavity 1841 of the
handle pivot 1871 of the switch 1300. A magnetic member 1845, such as a ferromagnetic
metal slug, can be coupled to the rocker 352 of the switch 1300. In an exemplary
embodiment, the magnetic member 1845 can be inserted into a corresponding recess 352¢ in
the rocker 352. When aligned with the magnetic member 1845, the magnet 1840 can attract
the magnetic member 1845, thereby exerting a magnetic force on the end 352a of the rocker
352. This force is in a direction away from the top surface 310b of the arc chamber assembly
1390 of the switch 1300. A corresponding force in the direction of the top surface 310b is
applied to the opposite end 352b of the rocker 352, increasing the force between the magnet
353 and the sensor element 1315.

[00153] In certain exemplary embodiments, an operator can align the magnet 1840 and the
magnetic member 1845 by rotating the handle 1320. For example, during the normal “on”
position of the switch 1300, the magnet 1840 and the magnetic member 1845 are not aligned.
Accordingly, the switch 1300 will trip based on the normal operating parameters. To
accommodate an overload condition, the operator can rotate the handle 1320 past the normal
“on” position, in a direction associated with an “off” position, of the switch 1300 to align the
magnet 1840 and the magnetic member 1845. In certain exemplary embodiments, the
magnet 1840 can slide over at least a portion of the magnetic member 1845 when the magnet
1840 and magnetic member 1845 are aligned. To deactivate the adjustable rating
functionality, the operator can rotate the handle 1320 in the direction towards the “on”
position of the switch 1300, thereby separating the magnet 1840 and the magnetic member
1845.

[00154] When the magnet 1840 and the magnetic member 1845 are aligned, both the
magnetic force between them and the magnetic force between the sensor element 1315 and
the magnet 353 of the switch 1300 must be overcome to trip the switch 1300. One way to

overcome these magnetic forces is for a fault condition in the transformer to heat the sensor
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element 1315 to a sufficiently high temperature that the magnetic coupling between the
sensor element 1315 and the magnet 353 is released. In certain exemplary embodiments, at
least one spring 1850 associated with the magnet 353 may assist in overcoming the magnetic
forces. For example, the spring 1850 can be disposed between the rocker 352 and the arc
chamber assembly 1390. The spring 1850 can exert a spring force on the end 352b of the
rocker 352, in a direction away from the top surface 310b of the arc chamber assembly 1390.
Once the magnetic coupling between the sensor element 1315 and the magnet 353 is released,
the spring force from the spring 1850 can actuate the rocker 352, releasing the trip rotor 360
to thereby trip the switch 1300, substantially as described above.

[00155]  Although specific embodiments of the invention have been described above in
detail, the description is merely for purposes of illustration. It should be appreciated,
therefore, that many aspects of the invention were described above by way of example only
and are not intended as required or essential elements of the invention unless explicitly stated
otherwise. Various modifications of, and equivalent steps corresponding to, the disclosed
aspects of the exemplary embodiments, in addition to those described above, can be made by
a person of ordinary skill in the art, having the benefit of the present disclosure, without
departing from the spirit and scope of the invention defined in the following claims, the scope
of which is to be accorded the broadest interpretation so as to encompass such modifications

and equivalent structures.
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CLAIMS
We claim:

1. A transformer switch, comprising:

a rotor configured to be selectively positioned in a first position and a second position,
the first position corresponding to a closed state of a circuit of a transformer associated with
the transformer switch, the second position corresponding to an open state of the circuit;

a trip assembly configured to open the circuit upon a fault condition in the transformer
by overcoming a force required to cause the rotor to move from the first position to the
second position; and

overload means for increasing the force required to be overcome by the trip assembly

to cause the rotor to move from the first position to the second position.

2. The transformer switch of Claim 1, wherein the trip assembly comprises:

a rocker; and

a first magnet coupled to the rocker,

wherein the transformer switch further comprises a Curie metal element, the force
required to be overcome comprising a magnetic force between the first magnet and the Curie

metal element.

3. The transformer switch of Claim 2, wherein the first magnet is coupled to the

rocker via a magnet carrier that contacts the rocker when the circuit is closed.

4. The transformer switch of Claim 2, wherein the overload means is configured to

increase the magnetic force between the first magnet and the Curie metal element.

5. The transformer switch of Claim 2, wherein the rocker has a first end and a second
end, each end having a first side and a second side, the first magnet being coupled to the
second side of the first end of the rocker, and

wherein the overload means comprises a second magnet disposed proximate the first

side of the second end of the rocker.
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6. The transformer switch of Claim 1, further comprising a handle pivot coupled to
the rotor, the handle pivot being selectively positionable relative to the rotor, wherein the

overload means comprises a magnet coupled to the handle pivot.

7. The transformer switch of Claim 6, further comprising:

arocker; and

a magnetic member coupled to the rocker, _

wherein the overload means is configured to increase the required force when the

magnet is aligned with the magnetic member.

8. The transformer switch of Claim 7, further comprising a handle coupled to the
handle pivot and configured to allow an operator to actuate the handle pivot to align the

magnet with the magnetic member.
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9. A transformer switch, comprising:
a trip assembly configured to cause a circuit of a transformer to open upon a fault
condition in the transformer by overcoming at least one force, the trip assembly comprising
a rocker, and
a first magnet coupled to the rocker;
a magnetic element, the at least one force comprising a magnetic force between the
first magnet and the magnetic element; and
overload means for increasing the at least one force to be overcome by the trip

assembly to open the circuit.

10. The transformer switch of Claim 9, wherein the magnetic element comprises a

Curie metal element.

11. The transformer switch of Claim 9, wherein the first magnet is coupled to the

rocker via a magnet carrier that contacts the rocker when the circuit is closed.

12. The transformer switch of Claim 9, wherein the overload means is configured to

increase the magnetic force between the first magnet and the magnetic element.

13. The transformer switch of Claim 9, wherein the rocker has a first end and a second
end, each end having a first side and a second side, the first magnet being coupled to the
second side of the first end of the rocker, and

wherein the overload means comprises a second magnet disposed proximate the first

side of the second end of the rocker.
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14. The transformer switch of Claim 9, further comprising a rotor configured to be
selectively positioned in a first position and a second position, the first position
corresponding to a closed state of the circuit, the second position corresponding to an open
state of the circuit, the trip assembly being configured to cause the rotor to move from the
first position to the second position to open the circuit of the transformer upon the fault

condition.

15. The transformer switch of Claim 14, further comprising a handle pivot selectively
positionable relative to the rotor, wherein the overload means comprises a second magnet

coupled to the handle pivot.

16. The transformer switch of Claim 15, further comprising:
a magnetic member coupled to the rocker,
wherein the overload means is configured to increase the at least one force when the

second magnet is aligned with the magnetic member.

17. The transformer switch of Claim 16, further comprising a handle coupled to the
handle pivot and configured to allow an operator to actuate the handle pivot to align the

second magnet with the magnetic member.



WO 2009/137554 PCT/US2009/042947

-39.

18. A transformer switch, comprising:

a trip assembly configured to cause a circuit of a transformer to open upon a fault
condition in the transformer by overcoming at least one magnetic force, the trip assembly
comprising

a rocker having a first end and a second end, each end having a first side and a
second side,

a first magnet coupled to the second side of the first end of the rocker, and

a magnetic member coupled to the first side of the second end of the rocker;

a magnetic element, the at least one magnetic force comprising a magnetic force
between the first magnet and the magnetic element; and

a second magnet selectively positionable relative to the magnetic member, the second
magnet being configured to increase the at least one force to be overcome by the trip

assembly to open the circuit, when the second magnet is aligned with the magnetic member.

19. The transformer switch of Claim 18, wherein the magnetic element comprises a

Curie metal element.

20. The transformer switch of Claim 18, wherein the first magnet is coupled to the

rocker via a magnet carrier that contacts the rocker when the circuit is closed.

21. The transformer switch of Claim 18, further comprising a handle configured to be

actuated by an operator to align the second magnet with the magnetic member.
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