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METHOD OF MAKING A CIRCUIT
INTERRUPTING DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This patent is a division of U.S. patent application
Ser. No. 12/887,315, filed Sep. 21, 2010 entitled Method of
Making a Circuit Interrupter, which is a division of U.S.
patent application Ser. No. 12/091,339, filed Apr. 24, 2008 no
U.S. Pat. No. 7,820,926 entitled Circuit Interrupter Assembly
and Method of Making the Same, the disclosures of which are
hereby expressly incorporated herein by reference for all
purposes.

TECHNICAL FIELD

[0002] This patent relates to a circuit interrupting device
that may be manufactured in a number of different configu-
rations and a method of making such a circuit interrupting
device.

BACKGROUND

[0003] Circuit interrupting devices function to isolate a
fault condition in a power distribution system. Upon clearing
of the fault condition certain types of these devices may be
manually or automatically reclosed to restore the circuit.
Faults in a power distribution system can occur for any num-
ber of reasons and are typically transient. Detection and iso-
lation of the fault mitigates damage to the system as a result of
the fault. Reclosing after the fault is cleared provides for
quick service restoration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a cross-sectional view of a circuit inter-
rupting device.
[0005] FIG. 2 is a perspective view of a conductor/sensor

sub-assembly of the circuit interrupting device illustrated in
FIG. 1.

[0006] FIG. 3 is a cross-sectional view of an alternative
configuration of the circuit interrupting device illustrated in
FIG. 1.

[0007] FIG. 4 is a cross-sectional view of an alternative
configuration of the circuit interrupting device illustrated in
FIG. 1.

[0008] FIG. 5 is a cross-sectional view of an alternative
configuration of the circuit interrupting device illustrated in
FIG. 1.

[0009] FIG. 6 is a perspective view of a mold assembly for
making circuit interrupting devices.

[0010] FIG. 7 is an exploded assembly view of a mold half
of the mold assembly illustrated in FIG. 6.

[0011] FIG. 8 is a perspective view of a multiple circuit
interrupting device assembly.

[0012] FIG. 9is a perspective view of a disconnect assem-
bly for the multiple circuit interrupting device assembly
shown in FIG. 8.

[0013] FIG. 10 is a side view of the multiple circuit inter-
rupting device assembly of F1G. 8 with the disconnect assem-
bly in a closed position or state.

[0014] FIG. 11 is a side view of the multiple circuit inter-
rupting device assembly of F1G. 8 with the disconnect assem-
bly in an open position or state.
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[0015] FIG. 12 is bottom front perspective view of the
multiple circuit interrupting device assembly of FIG. 8 with a
base removed to reveal a manual actuation and interlock
mechanism.

[0016] FIG. 13 is bottom rear perspective view of the mul-
tiple circuit interrupting device assembly of FIG. 8 with a
base removed to reveal a manual operated gang actuation
mechanism including an interlock assembly.

[0017] FIG. 14 is partial view of a circuit interrupting
actuator and manual actuation mechanism.

[0018] FIG. 15 is an enlarged perspective view of a manual
operated gang actuation mechanism interlock assembly.

DETAILED DESCRIPTION

[0019] A circuit interrupting device is manufacturable in a
number of different configurations providing current path
options, conductor connectivity options and sensing options.
The device may include a configurable solid insulation hous-
ing into which various operable components are installed.
The device may include a core element including a sensor
assembly and conductor members, from which the various
configurations may be established including a plurality of
different current path configurations. The core may be
molded in situ within the solid insulation housing. Based
upon the final configuration of the circuit interrupting device,
the solid insulating housing is molded with various housing
options. Operable elements, such as vacuum interrupters,
actuators, and the like may be disposed within the housing.
More than one circuit interrupting device may be provided in
a structure for connection in multiphase power distribution
systems.

[0020] A method of providing a circuit interrupting device
includes providing in situ molding of a core member within a
solid insulation housing. Mold sections permits molding of
the solid insulating housing in a number of different configu-
rations and to include a number of different current path
options.

[0021] While the invention is described in terms of several
preferred embodiments of circuit interrupting devices, it will
be appreciated that the invention is not limited to circuit
interrupting devices. The inventive concepts may be
employed in connection with any number of devices includ-
ing circuit breakers, reclosers, sensors, and the like.

[0022] FIG. 1 illustrates an embodiment of the invention as
a circuit interrupting device 100. The circuit interrupting
device 100 includes a solid insulation housing 102 within
which a core 104 is molded. The solid insulation housing 102
is further molded with a cavity 106 into which there is dis-
posed a fault interrupter such as a vacuum interrupter 108
coupled to an insulated actuating rod 110. The vacuum inter-
rupter 108 couples a first conductor 112 to a second conductor
114. Other fault interrupters capable of interrupting the cur-
rent path within an sealed enclosure and providing arc control
and/or arc suppression may be used.

[0023] The first conductor 112 may be a conductive rod
including a first tap 116 for coupling to the vacuum inter-
rupter 108 and a second tap 118 for coupling externally of the
housing 102 on a first external side 120 of the housing 102.
The second conductor 114 may also be a conductive rod that
includes a first tap 122 for coupling to the vacuum interrupter
108 and a second tap 124 for coupling externally of the
housing 102 on a second external side 126 of the housing 102.
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The first conductor 112, the circuit interrupter 108 and the
second conductor 114 define a current path 128 through the
device 100.

[0024] As shown in FIG. 1, the current path 128 may have
a “Z” shaped configuration. Relative to FIG. 1, and for illus-
trative purposes only, the first conduct 112 extends horizon-
tally and is disposed relatively above the second conductor
114, which also extends horizontally within the housing 102.
The second conductor 114 is generally parallel to the first
conductor 112. The vacuum interrupter 108 extends vertically
between the first conductor 112 and the second conductor 114
defining the “Z” shaped current path 128 from the first exter-
nal side 120 of the housing 102 to the second external side
126. One will appreciate that the “Z” shaped current path 126
is as depicted in FIG. 1, and that rotating the device may result
in an “N” shaped current path, or other similar “zig zag” type
arrangements. Still other current paths may be provided
where the current path includes a first current tap on a first
side of the device and a second current tap on a second side of
the device, different than the first side of the device.

[0025] With continued reference to FIG. 1 and reference
now also to FIG. 2, the first conductor 112 and the second
conductor 114 may be part of the core 104, which may also
include a first sensor 132 and a second sensor 134. The first
sensor 132 and the second sensor 134 each may be a voltage
sensor, a current sensor, a combination current and voltage
sensor, or another type of sensor. As shown in FIG. 2, the first
sensor 132 is a voltage sensor while the second sensor 134
includes a current sensor 136 and a voltage sensor 138. The
first sensor 132 is disposed about the first conductor 112 while
the second sensor 134 is disposed about the second conductor
114. Suitable signaling cable 140 couple the respective output
of the first sensor 132 and the second sensor 134 from the
device 100.

[0026] The core 104 may further include the vacuum inter-
rupter 108. A flexible electrical coupling 142 couples a mov-
ing contact 144 of the vacuum interrupter 108 to the second
conductor 114. The actuating rod 146 couples the moving
contact 144 to an actuator (not depicted). The actuating rod
110 may include an insulated rod portion 148. The actuating
rod 110 extends through an end plate 150 as does the cable
140. A stationary contact 154 of the vacuum interrupter 108 is
coupled to the first conductor 112 by a fastener 156, such as a
threaded fastener or other suitable attachment means. Simi-
larly, a fastener 158 secures the flexible coupling 142 to the
second conductor 114.

[0027] The core 104 may form a pre-assembly that is
molded in situ within the housing 102. The core 104 may have
a number of configurations based upon the desired final con-
figuration of the device 100 and the intended current path for
the device 100. The core 104 illustrated in FIGS. 1 and 2 is for
the “Z” shaped current path circuit interrupter device 100. For
a different device or different current path, the core 104 is
accordingly alternatively configured. The core 104 need not
include all of the herein described components. For example,
the core 104 may alternatively consist only of the sensors 132
and 134 and cable 140 or the core 104 may consist of the
sensors 132 and 132, cable 140 and first and second conduc-
tors 112 and 114 or the core 104 may consist of virtually any
combination of sensors, conductors, cabling and the like.
Configuration of the core may be based upon the intended
application and corresponding required current path configu-
ration of the finished device. Likewise, the configuration of
the housing, including a common housing portion and addi-
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tional, selectable housing portions may be based upon the
intended application and corresponding current path configu-
ration.

[0028] The housing 102 is geometrically configured to
accept the core 104, and in that regard the housing 102 may
include several common geometric features. The housing 102
may include a body portion 160. The body portion 160 may
have a cylindrical, rectangular box or any suitable shape, and,
as shown in FIG. 1, the housing 102 is formed to include a
cavity 106 within which several of the device components are
disposed. For the device 100, for example, disposed within
the cavity 106 are the vacuum interrupter 108 and its associ-
ated mechanical and electrical coupling components. The
vacuum interrupter 108 may be secured within the cavity 106
by potting material, such as silicone or another suitable mate-
rial. First and second cylindrical formations 164 and 166
receive the first and second sensors 132 and 134, respectively.
Thebody portion 160 may therefore be substantially the same
for each different configuration of device. For the device 100
shown in FIG. 1, the housing 102 is molded to include an
insulating boss 168 that receives the second conductor 114.
[0029] Manufacture of devices as described herein, such as
circuit interrupting devices, circuit breakers, reclosers, sen-
sors, and the like is easily and economically provided. FIG. 3
illustrates a circuit interrupting device 100' that is of similar
construction as the device 100, except that it is provided with
an alternate electrical connection configuration and corre-
sponding current path. Reference numerals are repeated in
FIG. 3 for elements of the device 100' that are the same as
those illustrated in connection with the device 100. Modified
elements are indicated with a primed reference numeral, such
as device 100 and device 100'. New or substantially different
elements are identified with a unique reference numeral.
[0030] While the device 100 provides a “Z” shaped current
path, the device 100" is configured to have “C” or “U” shaped
current path, depending on the orientation of the device 100'.
Herein it is referred to as “C” shaped based on the orientation
the device 100" as shown in FIG. 3. The first conductor 112' is
modified to extend farther through the sensor 132. The hous-
ing 102 is molded to include an insulating boss 170 surround-
ing the extended portion 172 of the first conductor 112'. The
device 100' is otherwise the same as the device 100. For
example, the core 104' is the same except that the first con-
ductor 112" includes the extended portion 172. The housing
102' is the same except that it is molded to include the insu-
lating boss 170. The first conductor 112' retains the first tap
118 external to the housing 102' on the first side 120.

[0031] FIG. 4 illustrates a circuit interrupting device 100"
that is of similar construction as the devices 100 and 100",
except that it is provided with yet another alternate electrical
connection configuration. Reference numerals are repeated in
FIG. 4 for elements of the device 100" that are the same as
those illustrated in connection with the device 100. Modified
elements are indicated with a double primed reference
numeral, such as device 100 and device 100". New or sub-
stantially different elements are identified with a unique ref-
erence numeral.

[0032] The device 100" is configured to have “C” or “U”
shaped current path similar to the device 100'. However, the
firsttap 118 is eliminated, and the housing 102" is modified in
that that first side 120 is rounded. Of course, the housing 102"
need not be modified except to enclose the opening for the
firsttap 118; however, such an arrangement would potentially
require additional molding material. The first conductor 112"
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includes the portion 172 that extends through the sensor 132
and the insulating boss 170. A second end 174 of the first
conductor 112" is truncated at the first tap 116 for connecting
the first conductor 112" to the vacuum interrupter 108. The
device 100" is otherwise the same as the device 100'. For
example, the core 104" is the same except that the first con-
ductor 112' is truncated at the first tap 116. The housing 102"
is the same except that the first side 120" is reduced in size and
the first tap 118 is eliminated.

[0033] FIG. 5 illustrates a circuit interrupting device 100™
that is of similar construction as the device 100, except that it
is provided with an alternate electrical connection configura-
tion. Reference numerals are repeated in FIG. 5 for elements
of the device 100" that are the same as those illustrated in
connection with the devices 100, 100" and 100". Modified
elements are indicated with a triple primed reference numer-
als, such as device 100 and device 100™. New or substantially
different elements are identified with a unique reference
numeral.

[0034] While the device 100 provides a “Z” shaped current
path, the device 100™ is configured to have “C” or “U” shaped
current path, depending on the orientation of the device 100'.
We will continue to refer to it as “C” shaped as the device
100™ is shown in FIG. 5. The first conductor 112' is modified
to include the portion 172 extending through the sensor 132.
Thehousing 102" is molded to include an insulating boss 170
surrounding the extended portion 172 of the first conductor
112". The first conductor 112" is also truncated at the first tap
116. A ground tap 175 is provided having a tap 176 exposed
on the second side 120™, where the second tap 118 was
disposed. The ground tap 175 further includes conductor
portion 178 extending through the housing 102" to a base
portion 180. The device 100" is otherwise substantially simi-
lar to the device 100. For example, the core 104" is substan-
tially the same as the core 104", and the housing 102" is the
same except that it is molded to include the insulating boss
170 and to incorporate the ground tap 175. The first conductor
112" retains the opening where the first tap 118 was disposed,
but not the opening is occupied by the tap 176.

[0035] In order to provide devices of various configura-
tions, a manufacturing process is provided that utilizes a
sectionalized mold tool. The sectionalized mold is easily
configured and reconfigured to produce devices of differing
configurations. In addition, core components are provided
with a substantially common configuration. The commonized
configuration of the core components allow simple, reliable
adaptation to the variety of different device configurations to
be manufactured. For example, a commonized core 104 is
described above, and various device and current path configu-
rations are depicted in FIGS. 1, 3-5. FIGS. 6 and 7 illustrate a
sectionalized mold 200 that can be configured and reconfig-
ured to easily produce a number of different devices utilizing
the common core components.

[0036] The mold 200 includes a first mold half 202 and a
second mold half 204 (FIG. 7 illustrates only the first mold
half 202 in exploded assembly view). The first and second
mold halves 202 and 204 are secured to respective bases 206
and 207 using various known location facilities. In addition,
according to known processes, material is communicated into
a mold cavity 205 defined by the mold halves 202 and 204.
[0037] The second mold half 204 includes a first core fix-
ture 208 and a second core fixture 210. The first core fixture
208 and the second core fixture 210 fix, relative to the mold
halves 202 and 204 and hence the mold cavity defined by the
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mold halves, the core assembly, such as core 104, within the
mold 200. This permits the core assembly to be in situ molded
within the housing of the device, such as depicted in FIGS.
1-5. The mold 200 may include an insert 214 defining a cavity
within the molded housing that will contain components of
the device. Alternatively, the core itself may include structure
to define the cavity, and hence, become part of the finished
device.

The mold halves 202 and 204 are formed of a plurality of
mold sections. Mold sections 214, 216, 218, 220, 222 and 224
are illustrated in FIG. 7. By substituting mold sections,
devices of different configurations may be manufactured. For
example, to manufacture the device 100, the mold sections
214-224, as illustrated in FIG. 7 are used. To manufacture the
device 100", the mold section 214 may be substituted with a
mold section that defines the insulating bushing 170. Of
course a corresponding section of the mold half 204 is also
replaced. As can be seen, devices of numerous different con-
figurations may be produced by substituting appropriate mold
sections. The mold 200 is configured to receive and fix rela-
tive to the mold cavity the core assembly that may be com-
monly used for each of the devices.

[0038] FIGS. 8-13 illustrate a multiple or “gang discon-
nect” interrupter assembly 300. The assembly 300 may
include several circuit interrupting devices 302, for example,
and each may be an interrupter assembly 100. The multiple
interrupter assembly 300 may be configured in numerous
different ways including cantilever, outrigger, boom, vertical
and the like. The assembly 300 illustrates one possible con-
figuration. Moreover, as described herein, the ability to manu-
ally gang actuate the circuit interrupting devices, to provide
visual indications of the state of the circuit interrupting device
and to provide disconnect assembly lock out may be adapted
to virtually any configuration of a multiple interrupter assem-
bly.

[0039] Three circuit interrupting devices 302 are shown in
FIG. 8, one each for each phase of a three phase power
distribution system. The circuit interrupting devices 302 are
secured to a base assembly 304. Each circuit interrupting
devices 302 is associated with a disconnect assembly 306,
with the disconnect assemblies being secured to a support
member 308 secured to the base assembly 304. Correspond-
ing to each circuit interrupting device 302 on a bottom surface
of'the base 304 is a transparent cap 314. The transparent cap
314 permits visual verification of the state of the correspond-
ing circuit interrupting device 302 open or closed based upon
visual inspection of the position of the circuit interrupting
device actuator.

[0040] A disconnect member 316 is mounted for pivoting
motion to the support member 308. The disconnect member
316 couples to each of the disconnect assemblies 306 so that
pivoting movement of the disconnect member 316 moves all
three disconnect assemblies from a connect state (FIG. 10) to
a disconnect state (FIG. 11). In the connect state, blades 318
engage a contact 320 of the circuit interrupting device 302. In
the disconnect state, the blade 318 is rotated away from and
out of contact with the contact 320.

[0041] Referring to FIGS. 12-14, the assembly 300
includes a manual operated gang actuation mechanism 322
for actuating the circuit interrupting devices from closed to
open states. The mechanism 322 includes a pair of links 324
and 326 that couple to arms 328 secured to the actuator 330
associated with respective circuit interrupting devices 302.
The arms 328 are secured to a pin 332 that is rotatably sup-



US 2013/0212873 Al

ported in a bracket 335 secured to the actuator 330. Each pin
332 is formed with a relief 334 that engages a collar 336
secured to a first end 337 of a rod 338 of the actuator 330.
Rotation of the pin 332 causes the relief 334 to engage the
collar 336 to move the rod 338, and hence to manually sepa-
rate the contacts of the associated circuit interrupting device.
A return spring 343 provides a restoring force to the link 326
to bias the mechanism 322 toward the interrupter closed state.
[0042] The pin 332 is caused to rotate as a result of move-
ment of the links 324 and 326 responsive to rotation of lever
340 coupled to an input shaft assembly 342.

[0043] A lever plate 360 is also coupled to the input shaft
assembly 342. The lever plate 360 includes a first aperture
364 and a second aperture 366. The apertures are sized to
receive a hot stick for engaging the lever plate 360 to rotate the
lever plate 360, and hence to cause rotation of the input shaft
assembly 342.

[0044] Referring particularly to FIGS. 10-11 and 15, the
lever plate 360 is also formed with a locking member 370. In
the embodiment illustrated in FIGS. 10-11 and 15, the lock-
ing member may be a flange 372. With the lever plate 360 in
the lockout state, the flange 372 engages a cam member 374
secured to the disconnect member 316. A lever 376 is further
coupled to the disconnect member 316. The lever 376
includes an aperture 377 that may be engaged by a hot stick to
operate the disconnect assembly 306. The cam member 374
includes a first surface 378 and a second surface 380. With the
disconnect assembly 306 in the closed state (FIG. 10) and the
lever plate 360 in the lockout state, that is, the circuit inter-
rupting device is either closed or reset and ready to close, the
first surface 378 engages the flange 372. The engagement of
the first surface 378 with the flange 372 prevents rotation of
the lever 376 to open the disconnect assembly. Similarly, with
the disconnect assembly 306 in the open state (FIG. 11) and
the lever plate 360 in the lockout state, that is, the circuit
interrupting device is either closed or reset and ready to close,
the first surface 378 engages the flange 372. The engagement
of'the first surface 378 with the flange 372 prevents rotation of
the lever 376 to close the disconnect assembly. When the lever
plate 360 is in the disconnect state, i.e., the circuit interrupting
device 302 is open, either having been automatically or manu-
ally opened, the cam member 374 does not engage the flange
372 and the lever 376 and disconnect member 316 is free to
rotate to either open or close the disconnect assembly 306. As
shown in FIG. 15, a close out plate 382 may be provided,
formed with a slot 384 through which the cam member 374
extends into the base 304 to engage the flange 372. A detent
(not depicted) may be provided to hold the disconnect mem-
ber 316 in the open position. The detent may include a spring
secured to the support 308 that engages a pin 388 secured to
the disconnect member 316 once the disconnect member 316
is positioned in the disconnect open position.

[0045] While the present disclosure is susceptible to vari-
ous modifications and alternative forms, certain embodi-
ments are shown by way of example in the drawings and the
herein described embodiments. It will be understood, how-
ever, that this disclosure is not intended to limit the invention
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to the particular forms described, but to the contrary, the
invention is intended to cover all modifications, alternatives,
and equivalents defined by the appended claims.
[0046] It should also be understood that, unless a term is
expressly defined in this patent using the sentence “As used
herein, the term * *is hereby defined to mean. . . ”ora
similar sentence, there is no intent to limit the meaning of that
term, either expressly or by implication, beyond its plain or
ordinary meaning, and such term should not be interpreted to
be limited in scope based on any statement made in any
section of this patent (other than the language of the claims).
To the extent that any term recited in the claims at the end of
this patent is referred to in this patent in a manner consistent
with a single meaning, that is done for sake of clarity only so
as to not confuse the reader, and it is not intended that such
claim term by limited, by implication or otherwise, to that
single meaning. Unless a claim element is defined by reciting
the word “means” and a function without the recital of any
structure, it is not intended that the scope of any claim element
be interpreted based on the application of 35 U.S.C. §112,
sixth paragraph.
We claim:
1. A method of providing a circuit interrupting device, the
method comprising:
providing a plurality of mold sections, each mold section
including a mold portion defining a portion of a housing,
the mold sections being joinable into a mold for molding
a housing;

selecting from the plurality of mold sections a portion of
the plurality of mold sections, the selected portion of
mold sections being determined by a predetermined
configuration for a housing for the circuit interrupting
device, the configuration of the housing being deter-
mined by a current path for the circuit interrupting
device;

joining the selected portion of the mold sections for form a

mold;

forming the housing using the mold; and

disposing within the housing a first conductor, a second

conductor and a fault interrupter coupling the first con-
ductor and the second conductor to define the current
path.

2. The method of claim 1, wherein a mold section of the
plurality of mold sections corresponds to a common housing
feature.

3. The method of claim 1, comprising providing a core
assembly, and molding the core assembly within the solid
insulating housing.

4. The method of claim 3, wherein the core assembly
comprises a sensor.

5. The method of claim 3, wherein the core assembly
comprises the first and second conductors.

6. The method of claim 1, wherein the current path com-
prises a “Z” or “N” shape.

7. The method of claim 1, wherein the current path com-
prises a “C” or “U” shape.

#* #* #* #* #*



