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(57) ABSTRACT

A torque regulator assembly is for a stored energy assembly
of an electrical switching apparatus. The torque regulator
assembly includes: a drive assembly including a gear and a
transfer assembly disposed on the gear, the gear being
structured to be cooperable with at least one charging
mechanism of the stored energy assembly; and a shaft
extending through the gear. The drive assembly is structured
to move between a driving position and a non-driving
position. In the driving position, the gear is cooperable with
the transfer assembly to drive the shaft. In the non-driving
position, the gear rotates independently with respect to the
transfer assembly.

19 Claims, 7 Drawing Sheets
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1
ELECTRICAL SWITCHING APPARATUS,
AND STORED ENERGY ASSEMBLY AND
TORQUE REGULATOR ASSEMBLY
THEREFOR

BACKGROUND

1. Field

The disclosed concept pertains generally to electrical
switching apparatus such as for example, circuit breakers.
The disclosed concept also pertains to stored energy assem-
blies for electrical switching apparatus. The disclosed con-
cept further relates to torque regulator assemblies for stored
energy assemblies.

2. Background Information

Electrical switching apparatus, such as circuit breakers,
provide protection for electrical systems from electrical fault
conditions such as, for example, current overloads, short
circuits, abnormal voltage and other fault conditions. Typi-
cally, circuit breakers include an operating mechanism
which opens electrical contact assemblies to interrupt the
flow of current through the conductors of an electrical
system in response to such fault conditions as detected, for
example, by a trip unit.

Some medium voltage circuit breakers, for example,
employ a spring-operated stored energy assembly. Specifi-
cally, the operating mechanism of such circuit breakers
typically includes an opening assembly having at least one
spring which facilitates the opening (e.g., separation) of the
electrical contact assemblies, a closing assembly including a
number of springs that close the electrical contact assem-
blies, and a charging mechanism for charging the spring(s).
The contact assemblies are closed by releasing the stored
energy of the closing assembly spring(s). The closing assem-
bly spring(s) is/are charged either manually, using a manual
charging mechanism such as, for example, a charging
handle, or automatically using, for example, a motor-driven
charging mechanism or other suitable electromechanical
charging mechanism. Each of the manual and automatic
charging mechanisms of known stored energy assemblies
requires its own individual “chain” or assembly of compo-
nents, in order to link the corresponding power source (e.g.,
human power; motor power) to the spring(s) that must be
charged. There are numerous components in each of these
assemblies, some of which are relatively complex to make
and/or are difficult to install or assemble. Additionally, in
operation, components of known stored energy assemblies
can become unintentionally overloaded.

There is thus room for improvement in electrical switch-
ing apparatus, and in stored energy assemblies and torque
regulator assemblies therefor.

SUMMARY

These needs and others are met by embodiments of the
disclosed concept wherein a torque regulator assembly is
provided which among other benefits, regulates the amount
of energy transferred to a stored energy mechanism by a
charging mechanism, in a stored energy assembly of an
electrical switching apparatus.

In accordance with one aspect of the disclosed concept, a
torque regulator assembly for a stored energy assembly of an
electrical switching apparatus is provided. The electrical
switching apparatus includes a housing, separable contacts,
and an operating mechanism for opening and closing the
separable contacts. The stored energy assembly includes a
mount removably coupled to the housing, a transmission
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assembly disposed on the mount and comprising a stored
energy mechanism, and at least one charging mechanism
structured to charge the stored energy mechanism in order to
store energy. The torque regulator assembly comprises: a
drive assembly comprising a gear and a transfer assembly
disposed on the gear, the gear being structured to be coop-
erable with the at least one charging mechanism; and a shaft
extending through the gear. The drive assembly is structured
to move between a driving position and a non-driving
position. In the driving position, the gear is cooperable with
the transfer assembly to drive the shaft. In the non-driving
position, the gear rotates independently with respect to the
transfer assembly.

As another aspect of the disclosed concept, a stored
energy assembly for an electrical switching apparatus is
provided. The electrical switching apparatus includes a
housing, separable contacts, and an operating mechanism for
opening and closing the separable contacts. The stored
energy assembly comprises: a mount structured to be remov-
ably coupled to the housing; a transmission assembly dis-
posed on the mount, the transmission assembly comprising
a stored energy mechanism; and at least one charging
mechanism for charging the stored energy mechanism in
order to store energy; and a torque regulator assembly
comprising: a drive assembly comprising a gear and a
transfer assembly disposed on the gear, the gear being
cooperable with the at least one charging mechanism, and a
shaft extending through the gear. The drive assembly is
structured to move between a driving position and a non-
driving position. In the driving position, the gear is coop-
erable with the transfer assembly to drive the shaft. In the
non-driving position, the gear rotates independently with
respect to the transfer assembly.

As a further aspect of the disclosed concept, an electrical
switching apparatus comprises: a housing; separable con-
tacts; an operating mechanism for opening and closing the
separable contacts; and a stored energy assembly compris-
ing: a mount removably coupled to the housing, a transmis-
sion assembly disposed on the mount and comprising a
stored energy mechanism, at least one charging mechanism
structured to charge the stored energy mechanism in order to
store energy, and a torque regulator assembly comprising: a
drive assembly comprising a gear and a transfer assembly
disposed on the gear, the gear being cooperable with the at
least one charging mechanism, and a shaft extending
through the gear. The drive assembly is structured to move
between a driving position and a non-driving position. In the
driving position, the gear is cooperable with the transfer
assembly to drive the shaft. In the non-driving position, the
gear rotates independently with respect to the transfer
assembly.

BRIEF DESCRIPTION OF THE DRAWINGS

A full understanding of the disclosed concept can be
gained from the following description of the preferred
embodiments when read in conjunction with the accompa-
nying drawings in which:

FIG. 1A is a simplified view of an electrical switching
apparatus, and a portion of a stored energy assembly and
torque regulator assembly therefor, in accordance with an
embodiment of the disclosed concept;

FIG. 1B is an elevation view of the stored energy assem-
bly of FIG. 1;

FIG. 1C is an exploded isometric view of the stored
energy assembly of FIGS. 1A and 1B, shown as employed
with a stored energy mechanism;
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FIG. 2 is an exploded isometric view of a portion of a
stored energy assembly, in accordance with another embodi-
ment of the disclosed concept;

FIG. 3A is an isometric view of a portion of a stored
energy assembly, in accordance with a further embodiment
of the disclosed concept;

FIG. 3B is an isometric view of a torque regulator
assembly for the stored energy assembly of FIG. 3A;

FIG. 3C is an isometric view of the torque regulator
assembly of FIG. 3B, shown with a plate member removed
to show hidden structures; and

FIG. 3D is an isometric view of the torque regulator
assembly of FIG. 3B, shown with a gear removed to show
hidden structures.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

As employed herein, the term “number” shall mean one or
an integer greater than one (i.e., a plurality).

As employed herein, the statement that two or more parts
are “connected” or “coupled” together shall mean that the
parts are joined together either directly or joined through one
or more intermediate parts.

As employed herein, the statement that two or more parts
or components “engage” one another shall mean that the
parts touch and/or exert a force against one another either
directly or through one or more intermediate parts or com-
ponents.

FIG. 1A shows an isometric view of an electrical switch-
ing apparatus (e.g., without limitation, medium voltage
vacuum circuit breaker 2) (partially shown in simplified
form) in accordance with a non-limiting embodiment of the
disclosed concept. In the example of FIG. 1A, the circuit
breaker 2 includes a housing 4, a pair of separable contacts
6 (shown in simplified form), and an operating mechanism
8 (shown in simplified form) for opening and closing the
separable contacts 6. The circuit breaker 2 further includes
a stored energy assembly 100 (partially shown) that has a
mount 102 removably coupled to the housing 4 of the circuit
breaker 2. The stored energy assembly 100 includes a
charging mechanism (e.g., without limitation, motor 104)
and a transmission assembly 110 located on the mount 102.
In operation, and as will be discussed in greater detail
hereinbelow, the transmission assembly 110 cooperates with
the motor 104 to transfer energy into movement of the
operating mechanism 8 in order to open or close the sepa-
rable contacts 6.

FIGS. 1B and 1C partially show the stored energy assem-
bly 100. The stored energy assembly 100 includes a driving
pinion gear 106 coupled to the motor 104, and a torque
regulator assembly 140 cooperable with the driving pinion
gear 106. Furthermore, the stored energy assembly 100 has
an intermediate pinion gear 108 cooperable with each of the
torque regulator assembly 140 and the transmission assem-
bly 110. Referring to FIG. 1C, the transmission assembly
110 includes a transmission gear 112, a stored energy
mechanism (e.g., without limitation, spiral spring 114), and
a main shaft 116 extending through each of the transmission
gear 112 and the spiral spring 114. Furthermore, as seen, the
mount 102 is located between the regulator gear 152 and the
transmission gear 112. Thus, by employing such a configu-
ration, and also by employing the spiral spring 114, the
stored energy assembly 100 is advantageously able to be
more compact. It will, however, be appreciated that the
spiral spring 114 and/or the torque regulator assembly 140
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4

may be employed with any suitable alternative stored energy
assembly (not shown), without departing from the scope of
the disclosed concept.

Referring to FIG. 1B, the example torque regulator
assembly 140 includes an intermediate shaft 142 and a drive
assembly 150 that has a regulator gear 152, a bushing 154,
and a transfer assembly 160. The bushing 154 is structured
to be located in the center of the regulator gear 152 and the
transfer assembly 160 is located on the regulator gear 152.
Furthermore, the intermediate shaft 142 extends through the
regulator gear 152.

In operation, the motor 104 is structured to drive the
driving pinion gear 106, thus causing the corresponding
regulator gear 152 to rotate. It follows that the regulator gear
152 is cooperable with the motor 104. As will be discussed
in greater detail hereinbelow, as the regulator gear 152
rotates due to the driving pinion gear 106, the regulator gear
152 may or may not cause the intermediate pinion gear 108,
as well as the transmission gear 112, to rotate. When the
regulator gear 152 causes the intermediate pinion gear 108
and the transmission gear 112 to rotate, the motor 104 is able
to transfer energy to and charge the spiral spring 114 (FIG.
10).

Continuing to refer to FIG. 1C, the transmission assembly
110 further includes a number of cams 118 cooperable with
each of the main shaft 116 and the operating mechanism 8
(FIG. 1A) of the circuit breaker 2 (FIG. 1A). Upon being
released (e.g., when the spiral spring 114 moves from a
charged position to a discharged position), the spiral spring
114 cooperates with the cams 118 to force the operating
mechanism 8 (FIG. 1A) to open or close the separable
contacts 6 (FIG. 1A). Furthermore, the stored energy assem-
bly 100 includes a single-direction bearing 120 located in
the middle of the intermediate shaft 142, which is structured
to permit the gears 106, 108, 112, 152 to be operable in one
direction.

As seen in FIG. 1C, the transfer assembly 160 of the
torque regulator assembly 140 includes a locking member
(e.g., without limitation, nut 162) and a number of transfer
components (e.g., without limitation, lock washer 164, disc
spring 166, pressure plate member 168 and driving friction
facing 170) located on the intermediate shaft 142 between
the nut 162 and the regulator gear 152. As seen, the lock
washer 164 is located between the nut 162 and the disc
spring 166. Additionally, the disc spring 166 is located
between the lock washer 164 and the pressure plate member
168. Furthermore, the pressure plate member 168 is located
between the disc spring 166 and the driving friction facing
170. Moreover, the driving friction facing 170 is located on
the regulator gear 152 and is between the pressure plate
member 168 and the regulator gear 152. To support the
regulator gear 152, the transfer assembly 160 further
includes a hub component 172 and a support friction facing
174 located between the regulator gear 152 and the hub
component 172. Each of the hub component 172 and the
support friction facing 174 is located between the regulator
gear 152 and the mount 102 of the stored energy assembly
100. It is also within the scope of the disclosed concept for
the transfer assembly 160 to include additional or fewer
components and still perform the desired transfer function,
as will be discussed in greater detail hereinbelow.

Referring to FIG. 1B, the nut 162 is fixedly connected
with the intermediate shaft 142 (e.g., without limitation,
threadably connected). Additionally, each of the lock washer
164, the disc spring 166, the pressure plate member 168, the
driving friction facing 170, the hub component 172 and the
support friction facing 174 is able to rotate independently
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with respect to the regulator gear 152. In other words, the
regulator gear 152, when driven by the motor 104, may
rotate together with, or may rotate independently with
respect to, each of the lock washer 164, the disc spring 166,
the pressure plate member 168, the driving friction facing
170, the hub component 172 and the support friction facing
174. In this manner, the drive assembly 150 is structured to
move between a driving position and a non-driving position.
The regulator gear 152, which is located between the
friction facings 170, 174, is cooperable with and rotates
together with each of the lock washer 164, the disc spring
166, the pressure plate member 168, the driving friction
facing 170, the hub component 172 and the support friction
facing 174, in the driving position. In the non-driving
position, the regulator gear 152 is not cooperable with and
rotates independently with respect to each of the lock washer
164, the disc spring 166, the pressure plate member 168, the
driving friction facing 170, the hub component 172, and the
support friction facing 174. In other words, in the driving
position, the regulator gear 152 and each of the lock washer
164, the disc spring 166, the pressure plate member 168, the
driving friction facing 170, the hub component 172 and the
support friction facing 174 move at the same rotational
velocity with respect to the intermediate shaft 142. Con-
versely, in the non-driving position, the regulator gear 152
and each of the lock washer 164, the disc spring 166, the
pressure plate member 168, the driving friction facing 170,
the hub component 172 and the support friction facing 174
move at different rotational velocities with respect to the
intermediate shaft 142. Additionally, by virtue of the friction
between the components of the drive assembly 150, the
regulator gear 152 is advantageously able to drive the
intermediate shaft 142. Thus, in the driving position, the
regulator gear 152 is cooperable with the transfer assembly
to advantageously drive the intermediate shaft 142, and in
the non-driving position, the regulator gear 152 rotates
independently with respect to the transfer assembly 160.
More specifically, the driving friction facing 170 exerts a
force against the regulator gear 152. As the regulator gear
152 rotates, friction between the driving friction facing 170
and the regulator gear 152 causes the driving friction facing
170 to rotate together with the regulator gear 152. Likewise,
friction between the driving friction facing 170 and the
pressure plate member 168 causes the pressure plate mem-
ber 168 to rotate together with the driving friction facing 170
and the regulator gear 152. Similarly, friction between the
disc spring 166 and the pressure plate member 168 causes
the disc spring 166 to rotate together with each of the
pressure plate member 168, the driving friction facing 170
and the regulator gear 152. Furthermore, friction between
the lock washer 164 and the disc spring 166 causes the lock
washer 164 to rotate together with the disc spring 166, the
pressure plate member 168, the driving friction facing 170
and the regulator gear 152. As mentioned hereinabove, the
nut 162 is fixedly connected with the intermediate shaft 142
(shown in FIGS. 1A, 1B, and in phantom line drawing in
FIG. 1C). In a similar manner as just described, friction
between the lock washer 164 and the nut 162 causes the nut
162 to rotate together with the lock washer 164, the disc
spring 166, the pressure plate member 168, the driving
friction facing 170 and the regulator gear 152. Thus, as the
regulator gear 152 rotates in the driving position, the transfer
assembly 160 advantageously enables the intermediate shaft
142 which is fixedly connected with the nut 162, to rotate.
As described hereinabove, as the intermediate shaft 142
rotates, energy is transferred to and charges the spiral spring
114. However, the spiral spring 114, which has a predeter-
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mined torque limit, exerts a reaction torque on the interme-
diate shaft 142. As the spiral spring 114 is charged, the
torque from the drive assembly 150 and the reaction torque
from the spiral spring 114 exert opposing torques on the
intermediate shaft 142. Furthermore, as the predetermined
torque limit on the spiral spring 114 is reached, the reaction
torque from the spiral spring 114 on the intermediate shaft
142 will exceed the torque from the drive assembly 150 on
the intermediate shaft 142. At this moment, and in order to
make sure additional energy is not transferred to the spiral
spring 114, the drive assembly 150 advantageously moves
from the driving position to a non-driving position.

In the non-driving position, because the torque from the
drive assembly 150 on the intermediate shaft 142 cannot
overcome the reaction torque from the spiral spring 114, the
regulator gear 152 will rotate independently with respect to
the transfer assembly 160. More specifically, the regulator
gear 152 in the non-driving position will rotate indepen-
dently with respect to and at a different rotational velocity
than the lock washer 164, the disc spring 166, the pressure
plate member 168, the driving friction facing 170, the hub
component 172 and the support friction facing 174. It
follows that in the non-driving position, the motor 104 does
not charge the spiral spring 114, whereas in the driving
position the motor 104 does charge the spiral spring 114.
Thus, by employing the torque regulator assembly 140 in the
stored energy assembly 100, additional energy is advanta-
geously not transferred to the spiral spring 114 when the
predetermined torque limit of the spiral spring 114 is
reached. In other words, the torque regulator assembly
safely and reliably allows the motor 104 to transfer energy
to and charge the spiral spring 114.

FIG. 2 shows a portion of a stored energy assembly 200
that may replace the aforementioned stored energy assembly
100 in the circuit breaker 2 (FIG. 1A) in accordance with a
non-limiting alternative embodiment of the disclosed con-
cept. In the example of FIG. 2, the stored energy assembly
200 includes a mount 202 structured to be removably
coupled to the housing 4 (FIG. 1A), a charging mechanism
(e.g., without limitation, motor 204), and a driving pinion
gear 206 coupled to the motor 204. The stored energy
assembly further includes an intermediate pinion gear 208
and a torque regulator assembly 240 cooperable with each of
the driving pinion gear 206 and the intermediate pinion gear
208.

Furthermore, the stored energy assembly 200 includes a
transmission assembly 210 located on the mount 202. The
transmission assembly 210 has a transmission gear 212
cooperable with the intermediate pinion gear 208. The
transmission assembly 210 further includes a stored energy
mechanism (e.g., spiral spring 214 (shown in phantom line
drawing)), a main shaft 216 extending through each of the
transmission gear 212 and the spiral spring 214, and a
number of cams 218 structured to be cooperable with each
of the main shaft 216 and the operating mechanism 8 (FIG.
1A) of the circuit breaker 2 (FIG. 1A). Additionally, as seen,
the mount 202 is located between the regulator gear 252 and
the transmission gear 212. Thus, by employing such a
configuration, and also by employing the spiral spring 214,
the stored energy assembly 200 is advantageously able to be
more compact. [t will however be appreciated that the spiral
spring 214 and/or the torque regulator assembly 240 may be
employed with any suitable alternative stored energy assem-
bly (not shown), without departing from the scope of the
disclosed concept.

In operation, the motor 204 is structured to transfer energy
to and charge the spiral spring 214 which, upon being
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released, is structured to move the operating mechanism 8
(FIG. 1A) to advantageously open or close the separable
contacts 6 (FIG. 1A) of the circuit breaker 2 (FIG. 1A).
Continuing to refer to FIG. 2, the torque regulator assembly
240 includes an intermediate shaft 242 (shown in phantom
line drawing) and a drive assembly 250. The drive assembly
250 has a regulator gear 252, a bushing 254 structured to be
located in the regulator gear 252, and a transfer assembly
260 located on the regulator gear 252. Furthermore, the
intermediate shaft 242 extends through the regulator gear
252.

In operation, the motor 204 is structured to drive the
driving pinion gear 206 and the corresponding regulator gear
252. Thus, the regulator gear 252 is cooperable with the
motor 204. Furthermore, although not shown, the stored
energy assembly 200 includes a single-direction bearing
located in the middle of the intermediate shaft 242, which is
structured to permit the gears 206, 208, 212, 252 to be
operable in one direction. Additionally, similar to the drive
assembly 150 of the stored energy assembly 100, the drive
assembly 250 of the stored energy assembly 200 is struc-
tured to move between a driving position and a non-driving
position. In the driving position, the regulator gear 252 is
cooperable with the transfer assembly 260 to drive the
intermediate shaft 242. In the non-driving position, the
regulator gear 252 rotates independently with respect to the
transfer assembly 260.

The transfer assembly 260 includes a locking member
(e.g., without limitation, nut 262) fixedly connected (e.g.,
without limitation, threadably connected) with the interme-
diate shaft 242 and a number of transfer components (e.g.,
without limitation, spring 266, plate members 268, 269, and
bearing 270) located on the intermediate shaft 242 between
the regulator gear 252 and the nut 262. The spring 266 is
located between the nut 262 and the plate members 268, 269.
Additionally, the plate members are located between the
spring 266 and the bearing 270. Furthermore, the bearing
270 is located between the plate members 268, 269 and the
regulator gear 252. It is also within the scope of the disclosed
concept for the transfer assembly 260 to include additional
or fewer components and still perform the desired transfer
function, as will be discussed in greater detail hereinbelow.
For example and without limitation, the transfer assembly
260 may include a hub component (not shown) substantially
similar to the hub component 172 of the transfer assembly
160. Thus, the regulator gear 252 may be located between a
hub component (not shown) and the bearing 270, in order to
provide additional support for the regulator gear 252.

In operation, the regulator gear 252 is structured to rotate
together with or independently with respect to the nut 262,
the spring 266, the plate members 268, 269, and the bearing
270. As seen, the regulator gear 252 includes a number of
recesses (e.g., without limitation, partially spherical-shaped
grooves 256) and the bearing 270 includes a number of
rolling components (e.g., without limitation, spherical-
shaped balls 272). In the driving position, each of the balls
272 is structured to be located in a corresponding one of the
grooves 256. Similar to the transfer assembly 160 of the
stored energy assembly 100, the close connection between
the transfer components (e.g., without limitation, spring 266,
plate members 268, 269, bearing 270) and the regulator gear
252 enables energy to be transferred from the regulator gear
252 through the transfer assembly 260 to drive the interme-
diate shaft 242.

More specifically, friction between the regulator gear 252
and the transfer assembly 260 causes the intermediate shaft
242 to rotate. For example and without limitation, the
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transfer assembly 260 engages and exerts a force against the
regulator gear 252. Thus, in the driving position, when each
of the balls 272 of the bearing 270 are located in the grooves
256 of the regulator gear 252, friction between the regulator
gear 252 and the bearing 270 causes the bearing 270 to rotate
together with the regulator gear 252. Similar frictional forces
between the plate members 268, 269 and the bearing 270
cause the plate members 268, 269 to rotate together with the
bearing 270 and the regulator gear 252, in the driving
position. As seen, the bearing 270 includes a cylindrical-
shaped cutout 271 having a diameter 271'. Additionally, each
of the plate members 268, 269 has a corresponding outer
diameter 268', 269' substantially similar to the diameter 271"
of'the cutout 271. In this manner, each of the plate members
268, 269 is advantageously structured to be securely
retained within the cutout 271 of the bearing 270. Further-
more, friction between the spring 266 and the plate member
268 causes the spring 266 to rotate together with the plate
members 268, 269, the bearing 270 and the regulator gear
252. Continuing to refer to FIG. 2, the nut 262 includes a slot
262' (shown in hidden line drawing) and the spring 266
includes an end portion 266' structured to be located in the
slot 262', as shown. Thus, the spring 266 is fixedly con-
nected with the nut 262. In this manner, the slot-connection
between the spring 266 and the nut 262 causes the nut 262
to rotate together with the spring 266, the plate members
268, 269, the bearing 270, and the regulator gear 252, in the
driving position. Thus, because the nut 262 is fixedly con-
nected with the intermediate shaft 242, the transfer assembly
260 is advantageously able to transfer energy from the
regulator gear 252 to the intermediate shaft 242.

In operation, the stored energy assembly 200 and corre-
sponding torque regulator assembly 240 function in a man-
ner substantially similar to the stored energy assembly 100
(FIGS. 1A through 1C) and corresponding torque regulator
assembly 140 (FIGS. 1A through 1C), described herein-
above. Thus, as the intermediate shaft 242 rotates, energy is
transferred to and charges the spiral spring 214. However,
the spiral spring 214, which has a predetermined torque
limit, exerts a reaction torque on the intermediate shaft 242.
As the spiral spring 214 is charged, the torque from the drive
assembly 250 and the reaction torque from the spiral spring
114 exert opposing torques on the intermediate shaft 242.
Furthermore, as the predetermined torque limit on the spiral
spring 214 is reached, the reaction torque from the spiral
spring 214 on the intermediate shaft 242 will exceed the
torque from the drive assembly 250 on the intermediate shaft
242. At this moment, the drive assembly 250 advantageously
moves from the driving position to a non-driving position
and prevents additional energy from being transferred to the
spiral spring 214.

In the non-driving position, because the torque from the
drive assembly 250 on the intermediate shaft 242 cannot
overcome the reaction torque from the spiral spring 214, the
regulator gear 252 will rotate independently with respect to
the transfer assembly 260. More specifically, the friction
between the regulator gear 252 and the bearing 270 will be
overcome and the regulator gear 252 will disengage and
rotate independently with respect to the bearing 270, the
plate members 268, 269, and the spring 266. In other words,
the regulator gear 252 will rotate at a different rotational
velocity than the bearing 270, the plate members 268, 269,
and the spring 266, in the non-driving position. It follows
that in the non-driving position, the motor 204 does not
charge the spiral spring 214, whereas in the driving position
the motor 204 does charge the spiral spring 214. Thus, by
employing the torque regulator assembly 240 in the stored
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energy assembly 200, additional energy is advantageously
not transferred to the intermediate shaft 242 when the
predetermined torque limit of the spiral spring 214 is
reached. In other words, the torque regulator assembly
safely and reliably allows the motor 204 to transfer energy
to and charge the spiral spring 214.

FIG. 3A shows a portion of a stored energy assembly 300
that may replace each of the aforementioned stored energy
assemblies 100, 200 in accordance with a further non-
limiting alternative embodiment of a disclosed concept. In
the example of FIG. 3A, the stored energy assembly 300
includes a mount 302 (shown in phantom line drawing)
structured to be removably coupled to the housing 4 (FIG.
1A), a charging mechanism (e.g., without limitation, motor
304), and a driving pinion gear 306 coupled to the motor
304. The stored energy assembly 300 further includes an
intermediate pinion gear 308 and a torque regulator assem-
bly 340 cooperable with each of the driving pinion gear 306
and the intermediate pinion gear 308.

Additionally, the stored energy assembly 300 has a trans-
mission assembly 310 located on the mount 302. The
transmission assembly has a transmission gear 312 cooper-
able with the intermediate pinion gear 308. The transmission
assembly 310 further includes a stored energy mechanism
(e.g., without limitation, spiral spring 314), a main shatt 316
extending through each of the transmission gear 312 and the
spiral spring 314, and a number of cams 318 cooperable with
each of the main shaft 316 and the operating mechanism 8
(FIG. 1A) of the circuit breaker 2 (FIG. 1A). In operation,
the motor 304 cooperates with the driving pinion gear 306,
the torque regulator assembly 340, and the intermediate
pinion gear 308 to transfer energy to and charge the spiral
spring 314. Upon being released, the spiral spring 314 is
advantageously structured to move the operating mechanism
8 (FIG. 1A) to open or close the separable contacts 6 (FIG.
1A).

Referring to FIG. 3B, the torque regulator assembly 340
includes an intermediate shaft 342 and a drive assembly 350
located on the intermediate shaft 342. The drive assembly
350 includes a regulator gear 352 and a transfer assembly
360 located on the regulator gear 352. Furthermore, the
intermediate shaft 342 extends through the regulator gear
352. In operation, the motor 304 (FIG. 3A) is structured to
drive the driving pinion gear 306 and the corresponding
regulator gear 352. Thus, the regulator gear 352 is cooper-
able with the motor 304 (FIG. 3A). Additionally, the stored
energy assembly 300 (FIG. 3A) has a single-direction bear-
ing 320 located in the middle of the intermediate shaft 342,
which is structured to permit the gears 306, 308, 312, 352
(FIG. 3A) to be operable in one direction.

The transfer assembly 360 has a locking member (e.g.,
without limitation, latching ring 362) fixedly connected with
the intermediate shaft 342. Furthermore, the transfer assem-
bly 360 includes a spring 364 and a plate member 366, each
located on the intermediate shaft 342. As seen, the plate
member 366 is located between the regulator gear 352 and
the latching ring 362. Additionally, the spring 364 connects
the latching ring 362 to the plate member 366.

Referring to FIG. 3C, which shows the torque regulator
assembly 340 without the plate member 366, the regulator
gear 352 includes a number of protrusions (e.g., without
limitation, partially cylindrical-shaped tappets 353, 353").
Referring to FIG. 3D, which shows the torque regulator
assembly 340 without the regulator gear 352, the plate
member 366 has a number of recesses (e.g., without limi-
tation, slots 367, 367"). Similar to the drive assemblies 150,
250 discussed hereinabove, the drive assembly 350 of the
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torque regulator assembly 340 is structured to move between
a driving position and a non-driving position. In the driving
position, the regulator gear 352 is cooperable with the
transfer assembly 360 to drive the intermediate shaft 342. In
the non-driving position, the regulator gear 352 is advanta-
geously not cooperable with and rotates independently with
respect to the transfer assembly 360.

More specifically, in the driving position, each of the
tappets 353, 353' of the regulator gear 352 is located in a
corresponding one of the slots 367, 367" of the plate member
366. Thus, friction between the plate member 366 and the
regulator gear 352 causes the plate member 366 to rotate
together with and at the same rotational velocity as the
regulator gear 352, in the driving position. Additionally,
although only two of the six tappets 353, 353' of the
regulator gear 352 and two of the six slots 367, 367' of the
plate member 366 are indicated, it will be appreciated that
the torque regulator assembly 340 may employ any number,
shape, size, and/or configuration of protrusions (not shown)
and recesses (not shown) to perform the desired function of
enabling the motor 304 to drive or not drive the intermediate
shaft 342, without departing from the scope of the disclosed
concept.

Furthermore, the plate member 366 is preferably slot-
connected with the intermediate shaft 342. As seen in FIG.
3D, the plate member 366 includes a cutout 366' and the
intermediate shaft 342 includes a protrusion 342' extending
into the cutout 366'. Thus, the plate member 366 is struc-
tured to move longitudinally along the intermediate shaft
342. In this manner, the torque regulator assembly 340 may
advantageously be reset automatically. For example and
without limitation, as the plate member 366 is displaced
longitudinally along the intermediate shaft 342 (e.g., as the
plate member 366 slides along the protrusion 342'), dis-
placement sensors (not shown) could send a signal to the
motor 304 to stop charging, advantageously providing a
mechanism to regulate the amount of energy transferred to
the spiral spring 314. Furthermore, once the plate member
366 re-engages the regulator gear 352, the displacement
sensors (not shown) could send a signal to the motor 304 to
resume charging, advantageously resetting the torque regu-
lator assembly 340. Additionally, the spring 364 is prefer-
ably fixedly connected (e.g., without limitation, slot-con-
nected) with the plate member 366 and compressed against
the latching ring 362. Accordingly, the fixed connection
between the spring 364 and the plate member 366 causes the
spring 364 to rotate together with the plate member 366 and
the regulator gear 352, in the driving position.

Moreover, the spring 364 is also preferably fixedly con-
nected (e.g., without limitation, slot-connected) with the
latching ring 362. As a result, the latching ring 362 rotates
together with the spring 364, the plate member 366, and the
regulator gear 352, in the driving position. Because the
latching ring 362 is fixedly connected with the intermediate
shaft 342, as the latching ring 362 rotates, the intermediate
shaft 342 rotates. Thus, in the driving position, the transfer
assembly 360 advantageously enables the regulator gear 352
to drive the intermediate shaft 342.

The stored energy assembly 300 operates in a manner
substantially similar to the stored energy assemblies 100,
200 (FIGS. 1A through 2) described hereinabove. The
significant difference is in the torque regulator assembly
340. Thus, as the intermediate shaft 342 rotates, energy is
transferred to and charges the spiral spring 314. However,
the spiral spring 314, which has a predetermined torque
limit, exerts a reaction torque on the intermediate shaft 342.
As the spiral spring 314 is charged, the torque from the drive
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assembly 350 and the reaction torque from the spiral spring
114 exert opposing torques on the intermediate shaft 342.
Furthermore, as the predetermined torque limit on the spiral
spring 314 is reached, the reaction torque from the spiral
spring 314 on the intermediate shaft 342 will exceed the
torque from the drive assembly 350 on the intermediate shaft
342. At this moment, the drive assembly 350 advantageously
moves from the driving position to the non-driving position.

In the non-driving position, because the torque from the
drive assembly 350 on the intermediate shaft 342 cannot
overcome the reaction torque from the spiral spring 314, the
friction between the regulator gear 352 and the plate mem-
ber 366 will be overcome and the regulator gear will rotate
independently with respect to the transfer assembly 360.
More specifically, the tappets 353, 353" will exit the slots
367, 367" and the regulator gear 352 will rotate indepen-
dently with respect to and at a different rotational velocity
than the plate member 366. Furthermore, because the plate
member 366 is not driven by the regulator gear 352, each of
the spring 364, the latching ring 362, and the intermediate
shaft 342 will likewise not be driven by the regulator gear
352. It follows that in the non-driving position, the motor
304 (FIG. 3A) does not charge or transfer energy to the
spiral spring 314 (FIG. 3A), whereas in the driving position
the motor 304 does charge and transfer energy to the spiral
spring 314. Thus, by employing the torque regulator assem-
bly 340 in the stored energy assembly 300, additional energy
is advantageously not transferred to the intermediate shaft
342 when the predetermined torque limit of the spiral spring
314 is reached. In other words, the torque regulator assem-
bly 340 safely and reliably allows the motor 304 to transfer
energy to and charge the spiral spring 314.

Additionally, it is within the scope of the disclosed
concept for the torque regulator assembly 340 to replace
either of the torque regulator assemblies 140, 240 (FIGS. 1A
through 2) in the stored energy assemblies 100, 200 (FIGS.
1A through 2), without departing from the scope of the
disclosed concept. Furthermore, the torque regulator assem-
blies 140, 240, 340 of the stored energy assemblies 100, 200,
300 may employ any known or suitable alternative size,
shape, number and/or configuration of components to per-
form the desired function of regulating the amount of energy
transferred from a charging mechanism (e.g., without limi-
tation, motors 104, 204, 304) to a stored energy mechanism
(e.g., without limitation, spiral springs 114, 214, 314),
without departing from the scope of the disclosed concept.
Moreover, it will be appreciated that the stored energy
assemblies 100, 200, 300 may employ any known or suitable
alternative charging mechanism (e.g., without limitation,
manual charging mechanism including a charging handle
(not shown)) and/or stored energy mechanism (not shown),
without departing from the scope of the disclosed concept.

Accordingly, it will be appreciated that the disclosed
concept provides for an improved (e.g., without limitation,
safer, more reliable, more compact) electrical switching
apparatus (e.g., without limitation, medium voltage vacuum
circuit breaker 2), and stored energy assembly 100, 200, 300
and torque regulator assembly 140, 240, 340 therefor, which
among other benefits, provides a mechanism for regulating
the amount of energy transferred from a charging mecha-
nism (e.g., without limitation, motors 104, 204, 304) to a
stored energy mechanism (e.g., without limitation, spiral
springs 114, 214, 314).

While specific embodiments of the disclosed concept
have been described in detail, it will be appreciated by those
skilled in the art that various modifications and alternatives
to those details could be developed in light of the overall
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teachings of the disclosure. Accordingly, the particular
arrangements disclosed are meant to be illustrative only and
not limiting as to the scope of the disclosed concept which
is to be given the full breadth of the claims appended and any
and all equivalents thereof.

What is claimed is:

1. A torque regulator assembly for a stored energy assem-
bly of an electrical switching apparatus, said electrical
switching apparatus comprising a housing, separable con-
tacts, and an operating mechanism for opening and closing
said separable contacts, said stored energy assembly com-
prising a mount removably coupled to said housing, a
transmission assembly disposed on said mount and com-
prising a stored energy mechanism, and at least one charging
mechanism structured to charge said stored energy mecha-
nism in order to store energy, said torque regulator assembly
comprising:

a drive assembly comprising a gear and a transfer assem-
bly disposed on said gear, said gear being structured to
be cooperable with said at least one charging mecha-
nism; and

a shaft extending through said gear,

wherein said drive assembly is structured to move
between a driving position and a non-driving position,

wherein in said driving position, said gear is cooperable
with said transfer assembly to drive said shaft, and

wherein in said non-driving position, said gear rotates
independently with respect to said transfer assembly.

2. The torque regulator assembly of claim 1 wherein said
transfer assembly comprises a number of transfer compo-
nents disposed on said shaft and a locking member con-
nected with said shaft; and wherein said number of transfer
components are disposed between said gear and said locking
member.

3. The torque regulator assembly of claim 2 wherein said
number of transfer components comprises a friction facing
disposed on said gear, a spring, and a plate member disposed
between said friction facing and said spring; and wherein
said spring is disposed between said locking member and
said plate member.

4. The torque regulator assembly of claim 3 wherein said
transfer assembly further comprises a hub component and
another friction facing; wherein said another friction facing
is disposed between said hub component and said gear;
wherein said gear is disposed between said friction facing
and said another friction facing; wherein in said driving
position, said gear and each of said friction facings rotate
together; and wherein in said non-driving position, said gear
rotates independently with respect to each of said friction
facings.

5. The torque regulator assembly of claim 4 wherein said
locking member is a nut, said nut being threadably con-
nected with said shaft; and wherein said spring is a disc
spring.

6. The torque regulator assembly of claim 5 wherein said
number of transfer components further comprises a washer
disposed between said disc spring and said nut.

7. The torque regulator assembly of claim 2 wherein said
number of transfer components comprises a plate member,
a spring disposed between said plate member and said
locking member, and a bearing disposed between said plate
member and said gear.

8. The torque regulator assembly of claim 7 wherein said
bearing comprises a number of balls; wherein said gear has
a number of partially spherical shaped grooves each struc-
tured to receive a corresponding one of said balls; wherein
in said driving position, each of said balls is disposed in a
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corresponding one of said grooves; and wherein in said
non-driving position, said gear rotates independently with
respect to said bearing.

9. The torque regulator assembly of claim 8 wherein said
transfer assembly further comprises a hub component;
wherein said gear is disposed between said hub component
and said bearing; wherein said locking member is a nut
threadably connected with said shaft; wherein said nut has a
slot; wherein said spring has an end portion disposed in said
slot; wherein said bearing has a cylindrical shaped cutout
having a diameter; wherein said plate member has an outer
diameter substantially the same as said diameter of said
cutout; and wherein said plate member is disposed in said
cutout.

10. The torque regulator assembly of claim 2 wherein said
number of transfer components comprises a plate member
and a spring; wherein said plate member is disposed
between said locking member and said gear; and wherein
said spring connects said plate member to said locking
member.

11. The torque regulator assembly of claim 10 wherein
said plate member is slot-connected with said shaft.

12. The torque regulator assembly of claim 10 wherein
said plate member has a number of recesses; wherein said
gear comprises a number of protrusions; wherein in said
driving position, each of said protrusions is disposed in a
corresponding one of said recesses; and wherein in said
non-driving position, said gear rotates independently with
respect to said plate member.

13. The torque regulator assembly of claim 12 wherein
said number of recesses is a plurality of slots; and wherein
said number of protrusions is a plurality of tappets.

14. A stored energy assembly for an electrical switching
apparatus comprising a housing, separable contacts, and an
operating mechanism for opening and closing said separable
contacts, said stored energy assembly comprising:

a mount structured to be removably coupled to said

housing;

a transmission assembly disposed on said mount, said
transmission assembly comprising a stored energy
mechanism; and

at least one charging mechanism for charging said stored
energy mechanism in order to store energy; and

a torque regulator assembly comprising:

a drive assembly comprising a gear and a transfer
assembly disposed on said gear, said gear being
cooperable with said at least one charging mecha-
nism, and

a shaft extending through said gear,

wherein said drive assembly is structured to move
between a driving position and a non-driving position,

wherein in said driving position, said gear is cooperable
with said transfer assembly to drive said shaft;

wherein in said non-driving position, said gear rotates
independently with respect to said transfer assembly;
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wherein said transmission assembly further comprises
another gear cooperable with said torque regulator
assembly, a main shaft, and a number of cams coop-
erable with said main shaft and structured to be coop-
erable with said operating mechanism; and wherein
said main shaft extends through said another gear and
said stored energy mechanism.

15. The stored energy assembly of claim 14 wherein in
said driving position, said at least one charging mechanism
charges said stored energy mechanism; and wherein in said
non-driving position, said at least one charging mechanism
does not charge said stored energy mechanism.

16. The stored energy assembly of claim 15 wherein said
stored energy mechanism is a spiral spring; wherein said
spiral spring has a predetermined torque limit; and wherein,
when said predetermined torque limit is reached, said drive
assembly moves from said driving position to said non-
driving position.

17. The stored energy assembly of claim 14 wherein said
mount is disposed between said gear and said another gear.

18. An electrical switching apparatus comprising:

a housing;

separable contacts;

an operating mechanism for opening and closing said

separable contacts; and
a stored energy assembly comprising:
a mount removably coupled to said housing,
a transmission assembly disposed on said mount and
comprising a stored energy mechanism,
at least one charging mechanism structured to charge
said stored energy mechanism in order to store
energy, and
a torque regulator assembly comprising:
a drive assembly comprising a gear and a transfer
assembly disposed on said gear, said gear being
cooperable with said at least one charging mecha-
nism, and
a shaft extending through said gear,
wherein said drive assembly is structured to move
between a driving position and a non-driving position,

wherein in said driving position, said gear is cooperable
with said transfer assembly to drive said shaft,

wherein in said non-driving position, said gear rotates
independently with respect to said transfer assembly,

wherein said transmission assembly further comprises
another gear cooperable with said torque regulator
assembly, a main shaft, and a number of cams coop-
erable with said main shaft and cooperable with said
operating mechanism, and

wherein said main shaft extends through said another gear

and said stored energy mechanism.

19. The electrical switching apparatus of claim 18
wherein said electrical switching apparatus is a medium
voltage vacuum circuit breaker.
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