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(57) A molded case circuit breaker 1s provided with a quick change current transtormer assembly. The current
transformer 1s used to sense overcurrent conditions and apply a signal to an electronic trip unit to trip the circuit
breaker. The quick change assembly includes an insulated removable plate located adjacent an open cavity n the
housing 1n which the current transtormer 1s located. The current transtormer 1s donut-type disposed about a load-side
conductor located 1n a cavity in the housing rigidly fastened to the circuit breaker frame. In order to replace a current
transformer, the msulated back-plate 1s removed. Next the load-side conductor 1s unfastened and removed from the
circuit breaker housing. The current transformer 1s then removed from the circuit breaker housing. In order to install a

new current transt
between a pivotally mounted contact arm and a load-side conductor. The force transmitting spacer

shunt, connected

ormer, the steps are reversed. A force transmitting spacer 1s disposed adjacent a bight portion of a

transmits magnetic repulsion forces generated between the load-side conductor and the depending leg of the shunt

adjacent the load-

side conductor to the other depending leg of the shunt. By disposing the force transmitting spacer

into the bight portion of the shunt the compression action required between the depending legs of the shunt 1s
eliminated or reduced, thus reducing the blow open time significantly.
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CT QUICK CHANGE ASSEMBLY AND
FORCE TRANSMITTING SPACER
Abstract of the Invention

A molded case circuit breaker is provided
with a quick change current transformer assembly.
The current transformer is used to sense overcurrent -
conditions and apply a signal to an electronic trip
unit to trip the circuit breaker. The quick change
assembly includes an insulated removable plate 1lo-
cated adjacent an open cavity in the housing in which
the current transformer is located. The current
transformer is donut~type disposed about a load-side
conductor located in a cavity in the housing rigidly
fastened to the circuit breaker frame. In order to
replace a current transformer, the insulated back-
plate is removed. Next the load=~side conductor 1is
unfastened and removed f£rom the circuit breaker hous-
ing. The current transformer is then removed from
the circuit breaker housing. In order to install a
new current transformer, the gteps are reversed. A
force transmitting spacer 1is disposed adjacent a
bight portion of a shunt, connected between a pivot-
ally mounted contact arm and a load-side conductor.
The force transmitting spacer transmits magnetic re-
pulsion forces generated between the load-side con-
ductor and the depending leg of the shunt adjacent
the load-side conductor to the other depending leg of
the shunt. By disposing the force transmitting
spacer into the bight portion of the shunt the com-
presgsion action required between the depending legs
of the shunt is eliminated or reduced, thus reducing
the blow open time significantly.
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CT QUICK CHANGE ASSEMBLY AND
FORCE TRANSMITTING SPACER

1. Field of the Invention

This 1invention relates to molded case <circuit
breakers and more particularly to a quick change assembly for
the maln current transformers to allow the main current
transformers to be quickly and easily replaced in the field and
to means for reducing the time required for the separable main
contacts to blow open at a predetermined level of overcurrent.

2 . Description of the Prior Art

Molded case circuit breakers are generally old and
well known 1n the art. Examples of such circuit breakers are
disclosed 1in U.S. Patent Nos. 4,489,295; 4,638,277; A4, 056,444
and 4,679,018. Such clrcult breakers are used to protect
electrical <cilrcuitry from damage due to an overcurrent

condition, such as an overload and relatively high level short

circult. An overload condition 1is about 200-300% of the
nominal current rating of the circuit breaker. A high level
short circuit condition can be 1000% or more of the nominal

current rating of the circuit breaker.

Molded case circuit breakers include at least one

palr of separable contacts which may be operated either

manually by way of a handle disposed on the outside of the case

or automatically 1n response to an overcurrent condition. In

the automatic mode of operation, the contacts may be opened by
an operating mechanism or by a magnetic repulsion member. The
magnetlc repulsion member causes the contacts to separate under
relatively high level short <circuit conditions. More
particularly, the magnetic repulsion member is connected
between a pivotally mounted contact arm and a stationary
conductor. The magnetlic repulsion member is a generally V-
shaped member including a bight portion and two depending legs

defining a parallel current path. During high 1level short
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circult conditlions, magnetic repulsion forces are generated
between the depending legs of the magnetic repulsion member as
a result of the current flowing 1n opposite directions in the
parallel current path which, 1n turn, causes the pivotally
mounted contact arm to open.

In a multipole circult breaker, such as a three-pole
clrcult breaker, three separate contact assemblies having
magnetic repulsion members are provided; one for each pole.
The contact arm assemblies are operated independently by the
magnetic repulsion members. For example, for a high level short
circult on the A phase, only the A phase contacts would be
blown open by 1ts respective magnetic repulsion member. The
magnetic repulsion members for the B and C phases would be
unaffected by the operation of the A phase contact assembly.
The cilrcuilt breaker operating mechanism 1is used to trip the
other two poles 1n such a situation. This is done to prevent a
condition known as single phasing, which can occur for circuit
breakers connected to rotational loads, such as motors. In such
a situation, unless all phases are tripped, the motor may act
as a generator and feed the fault.

In the other automatic mode of operation, the contact
assemblies for all three poles are tripped together by a
current sensing cilrcult and a mechanical operating mechanism.
More particularly, current transformers are provided within the
clrcult breaker housing to sense overcurrent conditions. When
an overcurrent condition 1s sensed, the current transformers
provide a signal to either an electronic trip unit or an
electromechanical trip unit which actuates the operating
mechanism to cause the contacts to be separated.

Oftentimes 1t 1s necessary to remove a current
transformer after the circult breaker has been assembled.
There are various reasons for replacing a current transformer.
One reason 1s that the originally installed current transformer

may be defective. Another reason for replacing a current
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transformer 1s that the wrong current transformer may have been
installed. Moreover, 1n order to change from one rating to the
other rating of a dual rating circuit breaker, for example,
1600/2000 ampere, it may be necessary to replace the current
transformer. Lastly, some cilircult breakers may be used as a
switch obviating the need for a current transformer.

In conventional circult breakers, the replacement of
a current transformer 1n the field 1s a difficult and time
consuming task. More particularly, the replacement requires
extensive dismantling of the circuit breaker in the field
resulting i1n relatively high labor costs and costly down time.

Another problem with known c¢ircuit breakers is the

need to reduce the time required for the separable contacts to

blow open. In some known cilrcult breakers a generally V-shaped
magnetic repulsion member or shunt defining a pair of depending
legs 1s connected between the movable contact and the load-side
conductor. The V-shaped shunt 1s flexible and acts like a
spring. During relatively high level overcurrent conditions,
magnetic repulsion forces are dgenerated between the depending
legs of the shunt due to electrical current flowing in opposite
directions 1n the depending legs. These magnetic repulsion
forces are a function of the distance between the depending
legs of the shunt and the magnitude of the electrical current
flowing therethrough. In order to develop sufficient magnetic
repulsion forces between the two depending legs of the shunt,
1t 1s necessary that the shunt be compressed (e.g., distance
between the depending legs decreased) to generate sufficient
magnetic repulsion forces between two depending legs of the
shunt to Dblow the pivotally mounted contact arm open. The
shunt 1s compressed by magnetic repulsion forces developed
between the depending leg adjacent the load-side conductor of
the shunt and the load-side conductor. This compression force
forces the depending legs closer together to allow sufficient

magnetic repulsion forces to Dbe generated between the two
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depending legs to blow open the pivotally mounted contact armn.

Thus, blow open of the pivotally mounted contact arm is delayed

until such time that the sufficient compression forces are
developed between the load-side conductor and the depending leg
of the shunt adjacent the load-side conductor.

SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a
circult breaker with a current transformer which overcomes the
problem assoclated with the prior art.

It 1s a further object of the present invention to
provide a circult breaker having a current transformer which
can be quickly and easily replaced after the circuit breaker
has been fabricated.

It 1s another object of the present invention to
provide means to reduce the time required for the pivotally
mounted contact arm to blow open.

Briefly, the present invention relates to a molded
case clrcult breaker having a quick change current transformer
assembly. The current transformer is used to sense overcurrent
conditions and apply a signal to an electronic trip unit to
trip the circuit breaker. The quick change assembly includes
an insulated removable plate located adjacent an open cavity in
the houslng where the current transformer is located. The
current transformer 1s a donut-type disposed about a load-side
conductor rigidly fastened to the circuit breaker frame. The
current transformer and the load-side conductor are disposed in
ilntegrally formed cavities open on one side in the circuit
breaker frame. In order to replace a current transformer,
the removable plate 1is removed. Next the load-side conductor
1s unfastened and removed from the circuit breaker housing in a
direction parallel to the longitudinal axis of the conductor.
The current transformer 1is then removed from the circuit
breaker housing. In order to 1install a new current

Cransformer, the steps are reversed. The present invention
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also 1ncludes a force transmitting spacer dlisposed adjacent a
bight portion of a V-shaped shunt, connected between a
pivotally mounted contact arm and a load-side conductor. The
force transmitting spacer transmits repulsion forces generated
between the load-side conductor and the depending leg of the
shunt adjacent the load-side conductor to the other depending
leg of the shunt. By disposing the force transmitting spacer
adJjacent the bight portion of the shunt, the compression action
required between the depending legs of the shunt is eliminated,
thus reducing the blow open time significantly.

Accordingly, 1in one aspect the present invention
resides 1in a circuit breaker comprising one or more palrs of
separable contacts, the or each pair defining a stationary
contact and a movable contact forming a pole, one or more line
side conductors each in electrical contact with a stationary
contact, one or more load side conductors, one or more flexible
shunts electrically connected between each of said movable
contacts and sald load side conductors, each of said shunts
being formed as V-shaped members defining a bight portion, a
first depending leg connected to said movable contact and a
second depending leg connected to said load side conductor
creating a first current path between said first depending leg
and sald second depending leg and a second current path between
sald second depending leg and said load side conductor, said
second current path causing compression of said first depending
leg with respect to said second depending leg at a
predetermined magnitude of current, a spacer cooperable with
sald depending legs during overload conditions to transmit
magnetic repulsion forces generated between said load side
conductor and said second depending leg to said first depending
leg thereby substantially reducing the action of compression
required between said depending legs to cause the separable

contacts to blow open.
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DESCRIPTION OF THE DRAWING

These and other objects and advantages of the present
invention will become readily apparent upon consideration of
the following detailed description and attached drawing
wherein:

FIG. 1 1s a plan view of a molded case circuit
breaker 1n accordance with the present invention:

FIG. 2 1s a cross-sectional view taken along line 2-2

of FIG. 1;

FIG. 3 1s a cross-sectional view taken along line 3-3
of FIG. 1 illustrating an outside pole;

FIG. 4 1s a cross-sectional view taken along line 4-4
of FIG. 2;

FIG. S 1s a perspective view of a portion of the

shock absorber assembly used for outside poles;

FIG. ©6 1s a cross-sectional view taken along line o-
o of FIG. 3;

FIG. 7 1s a cross-sectional view taken along line 7-
7 of FIG. 4;

FIG. 8 1s a plan sectional view taken along line 8-8
of FIG. 7;

FIG. 9 1s an enlarged cross-sectional view taken
along line 9-9 of FIG. 8;

FIG. 10 1s an exploded perspective of the cam roller
pin assembly;

FIG. 11 1s an exploded perspective of the laminated
copper assembly;

FIG. 12 1s an exploded perspective of the crossbar
assembly;

FIG. 13 1s a bottom plan view taken along line 13-13
of FIG. 2;

FIG. 14 1s a cross-sectional view taken along line

14-14 of FIG. 2;
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FIG. 15 1s a plan sectional view taken along line 15-

15 of FIG. 14;

FIG. 16 1s a plan sectional view taken along line 16-
lo of FIG. 14;

FIG. 17 1s a cross-sectional view taken along line
17-17 of FIG. 1;

FIG. 18 1s an exploded perspective view of the
modular option deck assembly;

FIG. 19 1s a view similar to FIG. 7 illustrating the
force transmitting spacer in accordance with the present
1nvention;

FIG. 20 1s a cross-sectional view taken along line
20-20 of FIG. 19;

FIG. 21 1s a view similar to FIG. 19 showing the
clrcult breaker in a blown open position; and

FIG. 22 1s a fragmentary, sectional view of a portion
of FIG. 19 1llustrating an alternative embodiment.

DETAILED DESCRIPTION

A molded case circuilt breaker, generally indicated by
the reference numeral 20, comprises an electrically insulated
housing 21 having a molded base 22 and a molded coextensive
cover 24, assembled at a parting line 26. The internal cavity
of the base 22 1s formed as a frame 28 for carrying the various
components o0of the <circuit Dbreaker. As 1llustrated and
described herein, a Westinghouse Series C,R-frame molded case
circult breaker will be described. However, the principles of
the present invention are applicable to various types of molded
case clrcult breakers.

At least one pailir of separable contacts 30 are
provided within the housing 21. More specifically, a main pair
of contacts are provided which include a fixed main contact 32

and a movable main contact 34. The fixed main contact 32 1is

.

electrically connected to a line side conductor 36, bolted to

the frame 28 with a plurality of fasteners 38. A T-shaped stab
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40 1s fastened to the line side conductor 36 with a plurality

of fasteners 42. A depending leg 44 of the stab 40 extends

v

outwardly from the rear of the circuit breaker housing 21.

This depending leg 44 1is adapted to plug into a 1line side
conductor disposed on a panel board (not shown).

Similarly, the movable maln contact 34 1S
electrically connected to a load side conductor 46 fastened to
the frame 28 with a plurality of fasteners 48. Another T-
shaped stab 50 1s connected to the load side conductor 46 with
a plurality of fasteners 52. A depending leg 53 of the stab
00, which extends outwardly from the rear of the circuit
breaker housing 21, 1is adapted to plug into a 1load side
conductor within a panel board.

A donut-type current transformer (CT) 54 is disposed
about the load side conductor 46. This current transformer 54
1s used to detect current flowing through the circuit breaker
20 to provide a signal to an electronic trip unit (not shown)
to trip the circuit breaker 20 under certain conditions, such
as an overload condition. The electronic trip unit is not part
of the present invention.

OPERATING MECHANISM

An operating mechanism 58 is provided for opening and
closing the main contacts 30. The operating mechanism
includes a toggle assembly 60 which includes a pair of upper
toggle links 62 and a pair of lower toggle links 64. Each upper
toggle 1link 62 1s pivotally connected at one end to a lower
toggle 1link 64 about a pivot point 66. Fach of the lower
toggle 1links 64 are pivotally connected to a contact arm
carrier 68 at a pivot point 70. The contact arm carrier 68
forms a portion of a crossbar assembly 72.

The upper toggle 1links 62 are each pivotally connected to
depending arms 73 of a cradle 74 at a pivot point 76. A
blasing spring 78 1is connected between the pivot point 66 and

an operating handle 80. The blasing spring 78 biases the
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toggle assembly 60 to cause it to collapse whenever the cradle
/4 1s unlatched from a latch assembly 82 causing the movable
main contacts 34 to rotate about a pivot point 83 to cause the
maln contacts 30 to separate. The latch assembly 82 latches
Che cradle 74 and toggle assembly 60. The latch assembly 82
includes a pair of latch links 84 and 86, plivotally connected
end to end at a pivot point 88. The free end of the lower
latch 1link 84 1is pivotally connected to the frame 28 about a
pivot point 90. The free end of the upper latch link 86 is
pivotally connected to a latch lever 92 about a pivot point 94.
The other end of the latch lever 92 is pivotally connected to
the frame 28 about a pivot point 96.

Operation of the latch assembly 82 is controlled by a
trip bar 98 having a depending lever 100 extending outwardly.
The depending lever 100 engages a cam surface 102, formed on
the pivotally connected end of the upper latch link 86 when the
latch assembly 82 is in a latched position. In response to an
overcurrent condition, the trip bar 98 is rotated clockwise to
move the depending lever 100 away from the latch surface 102.
Once the latch lever 92 has cleared the cam surface 102, a
blasing spring 104, connected between the lower latch link 84
and the frame 28, causes the lower latch link 84 to toggle to
the left causing the latch lever 92 to rotate clockwise thereby
releasing the cradle 74. Once the cradle 74 1is released from
the latch assembly 82, the cradle 74 rotates counterclockwilse
under the influence of the biasing spring 78. This causes the
toggle assembly 60 to collapse which, in turn, causes the main
contacts 30 to separate. The circuit is reset by rotating the
handle 80 to the CLOSE position. The handle 80 1is integrally
formed with an inverted U-shaped operating lever 106 which
pivots about a pivot point 108.

The trip bar 98 is controlled by an electronic trip
unit which actuates a solenoid (not  shown) having a

reciprocally mounted plunger which engages the lever 100 which,
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1n turn, causes the ¢trip bar 98 to rotate in a clockwise
direction to unlatch the latch assembly 82. The electronic
trip unit actuates the solenoid in response to an overcurrent

condition sensed by the current transformer 54.

LAMINATED CONTACT ASSEMBLY

A laminated contact assembly 109 is formed from a
plurality of 1individual movable main contact assemblies 110.
The individual contact assemblies 110 are fastened together to
form the laminated contact assembly 1009. The 1ndividual
contact assembliles 110 include an elongated electrical
conductor portion 111 and a contact arm portion 114. Some of
the contact arm portions 114 carry the movable main contacts
34, whille some are used to carry arcing contacts 116. The
contact arm portions 114 are coupled to stationary conductor
portions 111 by way of repulsion members or flexible shunts
118.

Several different types of 1ndividual contact
assemblies 110 are used to form the contact assembly 109. In a
first type 119, an L-shaped conductor portion 111 1is provided
having an arcuate slot or keyhole 122 disposed on an edge on a
short leg 124 of the L-shaped conductor 111. The kevhole 122
1s used to receive an end of the magnetic repulsion member 118.

The assembly 110 also includes a contact arm 114 having an

irregular shape for carrying either a main movable contact 34
or an arcing contact 116 at one end. Another arcuate slot or
keyhole 122, formed in the contact arm portion 114, disposed at
an end opposite the main movable contact 34 or the arcing

contact 116, 1s used to receive the other end of the magnetic

repulsion member 118. The ends of the magnetic repulsion
members 118 are crimped prior to being inserted into the
keyholes 122. A top edge 128 of the contact arm portion 114 is
formed with a rectangular recess 129 for receiving a biasing
spring 130. The other end of the spring 130 seats against a
pivotally mounted bracket 132. The top edge 128 of the contact
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arm portion 114 also includes an integrally formed stop 134.
The stop 134 1s used to stop, movement of the contact arm 114
with respect to the pivotally mounted bracket 132.

The spring 130 exerts a downward pressure or force on
the contact arm portion 114 forcing it against the fixed main
contact 32. This force may be about 4 to 5 pounds. The
contact pressure from the spring 130 in conjunction with the
magnetic repulsion forces produced as a result of current
flowing 1n the magnetic repulsion member or shunt 118 controls
the withstand rating of the circuit breaker. The withstand
rating of a circulit breaker 1is the current at which the main
contacts 30 begin to separate. Since the repulsion force
generated by the magnetic repulsion member 118 is a function of
the current flow through the magnetic repulsion member 118, the
biasing springs 130 are used to oppose that force to control
the withstand rating of the «circuit Dbreaker in certain
condiltions.

Each contact arm portion 114 is provided with an
aperture 136 for receiving a pin 139 for fastening the contact
arm portions 114 together which defines a pivot point for the
contact assembly 109, The stationary conductor portion 111 of
each of the individual contact assemblies 110 is provided with
three spaced-apart apertures 137 for receiving a plurality of
rivets or fasteners 138 for fastening the stationary conductor
portions 111 together.

Note should be given to the method for connecting the
contact assembly 109 to the base 22 of the circuit breaker
housing 21. In conventional c¢ircult breakers, the contact
assemblies 109 are attached to the base of the circuit breaker
by drilling and tapping holes in a base portion of the contact
assembly. Fasteners are then screwed into the tapped holes to
secure the contact arm assembly to the circuit breaker base.
However, 1n such an arrangement, the tapped holes may become

loose over time due to the dynamic forces within the circuit
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breaker. In the described embodiment of the invention the
problem 1s solved by providing T-shaped slots in the bottom
portion of the contact arm assembly 56 for receiving square-
headed bolts which are captured within the assembly 109.

Accordingly, a second type of individual contact
assembly 140 1s provided having a T-shaped slot 142 formed on a
bottom edge 144 of the stationary conductor portion 111. This
T-shaped slot 142 1s used to receive a square-headed bolt 146.
The contact arm portion 114 of the assembly 140, as well as the
magnetic repulsion member 118, are similar to those used in the
contact assembly 110. Since the contact assemblies 140 with
the T-shaped slots are sandwiched between adjacent contact arm
assembllies which do not have such a T-shaped slot 142 formed on
Che bottom edge, the square-headed bolt 112, after assembly,
wlll be captured in the T-shaped slot 142.

In another type of individual contact assembly 146,
the stationary conductor portion 111 is similar to that

provided with the contact assembly 119. The essential

difference between the individual contact assemblies 119 and
140 1s that the contact arm portions 114 in the assembly 146
carry arcing contacts 116 instead of main contacts 30 defining
an arcing contact arm 148. These arcing contacts 116
extingulish the arc caused when the main contacts 30 are
separated. An arc suppression chute 152 is provided within the
clrcuilt breaker housing 21 to facilitate extinguishment of the
arc. Each of the arcing contact arms 148 are formed with a
rectangular recess 129 for receiving a bracket 156 having
parallel depending arms 158. The bracket 156 is received in
the rectangular recesses 129'. The Dbracket 156 also contains
an upwardly-disposed protuberance 160 used to receive a spring
162 disposed between the bracket 160 and the underside 163 of
the pivotally mounted bracket 132. The arcing contact arms
148, similar to the main contact arm portions 114, are

rotatable about the pivot point 137.
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The wvarious types of individual contact assemblies
119, 140 and 146 are stacked together such that the apertures
137 in the L-shaped conductor portions 111 are aligned. Rivets
or fasteners 138 are then inserted into the apertures 137 to
secure all of the L-shaped conductor portions 111 together. A
pln or rivet defining a pivot point 139 is inserted through the
apertures 136 1in the contact arm portions 114 and arcing
contact arms 148 to connect all of the contact arm portions 114
together and to the pivotal bracket 132. Barriers 166 are
placed between the stationary conductor portions 111 of the
individual contact arm assembly and the shunts 118. Barriers
166 are also provided between the individual contact arm
portions 114 and 148. The completed assembly forms the contact
assembly 109.

The shunt or magnetic repulsion member 118 is a
laminated member, form wound from a continuous, thin strip of
an electrical conductive material, such as copper, forming a

laminated magnetic repulsion member. The form wound shunt

member 118 1s formed into a V-shaped member defining a pair of
legs 168 and 170. Current flowing through the legs 168 and 170
causes magnetic forces to be generated which repels the legs
168 and 170 apart. Above a certain level of overcurrent (e.qg.,
above the withstand rating), the magnetic repulsion forces
developed will be sufficient to blow open the main contacts 30
rather quickly. The blasing springs 130 oppose the magnetic
repulsion forces generated by the magnetic repulsion member 118
to allow the current transformer 54 and the electronic trip
unit to sense the overcurrent condition and Erip or separate
the contacts by way of the operating mechanism 58 for

overcurrent conditions less than the withstand rating of the

clrcult breaker.

In order to improve the flexibility of the magnetic

repulsion member, an apex portion 172 of the member 118 is

coined or deformed into a bulb-like shape is shown best in FIG.
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colned or deformed into a bulb-like shape is shown best in FIG.
7. The extending legs 168 and 170 of the member 118 are
crimped and inserted into the kevholes 122 in the stationary
conductor portion 111 and the contact arm portions 114 of the
lndividual main and arcing contact arm assemblies. Once the
ends of the shunt legs are inserted into the kevholes 122, the
assembly 1s staked on both sides. The staking process provides
a groove (not shown) in the assemblies adjacent the kevholes
122 to prevent wicking of solder used to secure the shunt legs
168 and 170 to the stationary conductor portions 110 and the
contact arm portions 114 or 148.

CAM ROLL PIN ASSEMBLY

The cam roll pin assembly 176 is a dual purpose
assembly used to maintain the force between movable 34 and
statlionary contacts 32 during certain conditions, and maintain
contact separation between these contacts when a blow open
occurs until the circuit breaker trips by way of the mechanical
operating mechanism 58. During normal operation, when the
overcurrent 1s less than the withstand rating of the circuit
breaker 20, a cam roller pin 178 bears against a cam surface
180, 1ntegrally formed in the pivotally mounted bracket 132,
which forms a portion of the contact arm assembly 1009. This
couples the crossbar assembly 72 to the contact arm assembly
109. Since the toggle assembly 60 is coupled to the crossbar
assembly 72, this will allow the operation of the main contacts
30 to be controlled by the mechanical operating mechanism 58.
As heretofore stated, the biasing springs 130 in the contact
assembly 109 will cause a downward pressure or force on the
movable contact 34 against the fixed main contact 32. For
overcurrent conditions less than the withstand rating of the
clrcult breaker 20, the contact arms 114 and 148 will plvot
about pin 139. During such an overcurrent condition, the
magnetic repulsion forces generated by the extending legs 168

and 170 of the magnetic repulsion member 118 will cause the
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contact arms 114 and 148 to rotate about the axis 139 in a
counterclockwise direction forcing the main contacts 30
together to allow the operating mechanism 58 to trip the
circult breaker. In this situation, due to the pivotal
movement of the contact arms 114 and 148 about the axis 137,
the magnetic repulsion members 118 act to close or "blow on"

the maln contacts 30.

For overcurrent conditions below the withstand rating
of the circuit breaker, the cam roller pin 178 will ride in the
cam surface 180 to mechanically couple the contact assembly 109
to the crossbar assembly 72. In thls situation, the current
Cransformer 54 will sense an overcurrent condition and provide
a slignal to an electronic trip unit which will in turn cause
the operating mechanism 58 to trip the circuit breaker and open
the maln contacts 30. However, for a relatively higher

overcurrent condition, greater than the withstand rating, the

allow the contact assemblies 109 to blow open. More
specifically, the magnetic repulsion forces generated by the
magnetic repulsion member 118 will cause the cam roller pin 178
to move away from the cam surface 180 to a second cam surface
182 to allow the movable contact assembly 109 to pivot about
another axis 183. In thls situation, the magnetic repulsion
forces generated by the magnetic repulsion member blow open the
maln contacts 30. After blow open, once the cam roller pin 178

reaches the cam surface 182, it will Keep the main contacts 30

separated. Otherwise, after the overcurrent condition ceased,
there would not be any magnetic repulsion forces to keep the

main contacts 30 separated.

There are two points of contact at each end of the
cam roller pin 178 on the outside poles. One point of contact
184 1s disposed intermediate the end. It 1s the point where
the cam roller pin 178 rides along the cam surfaces 180 and 182

of the pivotally mounted bracket 132. The other point of
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contact 186 1s at the ends of the cam roller pin 178 where it
ls received within a pair of slots 188 in an electrically-
insulated sleeve which forms a portion of the crossbar assembly
72. When a blow open condition occurs, the contact polnts 184

and 186 may rotate in opposite directions. In such a

speed to be reduced or possibly cause the breaker not to trip
after blow open has occurred. 1In accordance with the described
embodiment of the present invention, a cam roller pin 178 1is
provided which has independently rotatable portions for each
contact point 184 and 186 at each end to reduce the frictional

and torsional forces which may be generated during a blow open

condition.

each end. A small roller 196 and a large roller 198 are
disposed on each axle 194. After the rollers 196 and 198 are
placed on the axle 194, a retaining ring 197 is used to secure
the rollers 196 and 198 to the axle 194. The small roller 196
1s used to engage the cam surfaces 180 and 182 on the pivotally
mounted bracket 132 while the larger roller 198 is received
within the slot 188 in the electrically insulated sleeve 190.
Since 1individual rollers are used for each of the contact
polnts, supported on a common axle, both rollers are
independently rotatable. Thus, in situations where the contact
points are forced to rotate in opposite directions, such as
during a blow open condition, the frictional forces will be
greatly reduced, thus resulting in a smoother action of the
circuit breaker 20.

The cam roller pin assembly 176 is coupled to the pin
139 about which the pivotally mounted bracket 132 rotates, by
way of a plurality of springs 200. Radial grooves 204 formed

in the cylindrical portion 192 of the cam pin roller assembly
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176 receive hook shaped ends of the springs 200. Similar type
grooves may be formed (not shown) on the pin 139 to receive the
other end of the springs 200 to prevent axial movement of the
springs 200 to couple the cam roller pin assembly 176 to the
pin 139.

CROSSBAR ASSEMBLY

The crossbar assembly 72 1is coupled to the contact
assemblies 109 for each of the poles by way of cam roll pin
assemblies 176. More specifically, the crossbar assembly 72
includes an elongated shaft 206 which may be formed with a
rectangular cross section. The elongated shaft 206 is used to
support a palr of contact arm carriers 68 coupled to the lower
toggle links 64 of the toggle assembly 60. Two contact arm
carrliers 68 are provided adjacent the center pole 1n a
multipole circuit breaker 20. FEach contact arm carrier 68 is
generally L-shaped having an aperture 210 in a short leg 212.
The aperture 210 1is rectangular in shape and slightly larger
than the cross sectional area of the shaft 206 such that the
contact arm carriers 68 can be slidingly received on the shaft
206 and rotate therewith.

The contact arm carrier 68 is a laminated assembly
formed from a pair of L-shaped brackets 214, spaced apart to
recelve the lower toggle link 64 from the Coggle assembly 60.
The apertures in the lower toggle links 64 (defining the pivot
point 70) are aligned with apertures 215 in the L-shaped
members 214. Metal pins 216 are inserted through the apertures
to form a pivotable connection between the contact arm carriers
68 and the lower toggle links 64. Insulated sleeves 218 having
a generally rectangular cross sectional bore are slidingly

recelived on the ends of the crossbar shaft 200. These

Oppositely disposed plates portions 220 and 222 are integrally
formed with the insulated sleeve 218 from an electrically

insulating material. The plate portions 220 and 222 are
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disposed on opposite ends of the insulated sleeve 218 and
contaln a palr of inwardly facing rectangular slots 188. The
pair of 1inwardly facing slots 188 are used to receive the
rollers 198 of the cam roll pin 176. The oppositely disposed
plate portions 220 and 222 are also provided with a pair of
aligned apertures 226. The apertures 226 are aligned with
apertures 228 1n the pivotal bracket 132. A pin 230 1is
recelved 1n the apertures to provide a pivotal connection
between the rotatable bracket 132 and the integrally formed
insulated sleeve assemblies 218.

The spacing between the oppositely disposed plate
portions 220 of the insulated sleeves 218 is such that it
captures the pivotally mounted bracket 132. Thus, any magnetic
repulsion forces generated between the contact arm assemblies
due to overcurrent conditions will cause the contact arm
assemblies 109 to repel and, 1in turn, cause the insulated
sleeve portions 218 to be forced off the shaft 206. Since the
magnetic repulsion forces can cause movement of the contact arm
carriers 68 along the shaft 206, these contact arm carriers 68
are welded to the shaft 206. The insulated sleeve assemblies
218 may be either molded on the shaft 206 or molded separated
and afixed to the shaft 20 with an adhesive, such as epoxy, and
pinned to the shaft 206 by way of one or more metal pins 232
inserted transversely in apertures in the sleeves 218 and the
shaft 206 to prevent axial movement of the sleeves 218 with
respect to the shaft 206. The metal pins 232 are inserted
flush 1nto apertures (not shown) in the insulated sleeves 218

and may be covered with an electrically insulating material.

RUBBER STOPS AND OUTSIDE POLES

A rubber stop assembly 234 is provided on each of the
outside poles to prevent damage to the cover 24 of the circuit
breaker when the contact assemblies 109 are separated from the
fixed main contact 32. During relatively high overcurrent

conditions, particularly when the contact arm assembly 109 is
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blown-open by the magnetic repulsion member 118, considerable
force 1s generated. In conventional circuit breakers shock
absorbing materials are glued to the inside of the cover to
stop or prevent the contact assembly 109 from striking the
cover 24. However, 1in some circumstances, damage to the cover
24 still results. The rubber stop assemblies 234 for outside
poles used to prevent the contact assemblies 109 from striking
the cover 24, each includes a shock absorber 236, spaced away
from the cover 24 of the circuit breaker housing 21. By
spacing the shock absorber 236 away from the cover 234, damage
Co the cover 24 1s prevented.

An 1mportant aspect of the rubber stop assembly 234

1s that it includes a dual purpose bracket 238 with two

parallel sets of spaced apart depending arms 240 and 242. The
relatively longer set of arms 240 contain aligned apertures 243
at the free end 244 for receiving a pin 246. The shock
absorber 236 1s generally cylindrical in shape having a center
bore and a diameter to allow it to be slidingly received on the
pin 246. The pin 246 is slightly longer than the cylindrical
shock absorber such that the ends of the pin extends outwardly
from the arms 240. This extending portion of the pin is
received 1in an integrally molded bores 248 formed in the frame
28 to provide additional support for the rubber stop assembly
234. The relatively shorter set of extending arms 242 are used
Lo provide a pivotal connection for the crossbar assembly 42.

A bight portion 219 of the bracket 238 is provided
with apertures 250. A barrier plate 252 having a pair of
extending ears 254 1is provided with a pair of apertures 256
which are aligned with the apertures 250 in the bracket 238.
The apertures 250 and 256 receive fasteners (not shown) to
fasten the rubber stop assembly 234 to the frame of the circuit
breaker.

Because the operating mechanism 58, including the

toggle assembly 60, 1is adjacent the center pole, a different
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rubber stop assembly 257 1is used for the center pole. More
particularly, an elongated metal bar 258 for carrying a shock

absorber 260 is provided. The shock absorber 260 is generally
an elongated L-shaped member, secured to the elongated metal
par 258. The length of the elongated metal bar is such that it
eXtends beyond the shock absorber 260 and are received in slots
(not shown) 1in oppositely disposed sideplates 262, disposed
adjacent the center pole, rigidly fastened to the frame 28.
The mounting of the center pole assembly 257 is such that it is
spaced apart from the operating mechanism 58 to prevent the
center pole contact assembly 109 from contacting it.

CT QUICK CHANGE ASSEMBLY

The CT quick change assembly 264 allows the malin
current transformer 54 to be replaced rather quickly and easily
elther in the factory or in the field. The CT quick change
assembly 264 simplifies replacement of the current Cransformer
04 without requiring extensive dismantling of the circuit
breaker. One reason for replacing the current transformer 54
1s failure of the current transformer 54. Another reason for
replacing the current transformer 54 is the change from one
rating to the other rating of a dual rating circuit breaker,
such as, 1n a circuit breaker that has a rating of 1600/2000
amperes. More specifically, a current transformer 54 used with
the circuit breaker at the 1600 ampere rating would not be
sultable for use at the 2000 ampere rating.

The CT quick change assembly 264 includes the maln
current transformer 54 disposed about a load side conductor 46
and a removable plate 266. The current transformer 54 is a
donut-type current transformer which utilizes the load slde
conductor 46 as its primary winding.

The main current transformer 54 is disposed in an
integrally formed cavity 267 in the frame 28 open on one side
to allow removal from the housing 21. The load side conductor

1s disposed in an integrally formed cavity 269 in the frame 28




CA 02027009 1999-05-12

21

to allow the load side conductor 46 to be removed from the
housing 21 1n a direction parallel to its longitudinal axis.
In order to remove the current transformer 54 from the housing
21, the removable plate 266 is removed. After the plate 266 is
removed, 1t 1s necessary to unscrew six fasteners 48 to
uncouple the load side conductor 46. After these bolts are
removed, four more fasteners 52 have to be removed to uncouple
the stab 50 from the load side conductor 46. Once the stab 50
1s uncoupled from the load side conductor 46, the conductor 46
can be slid out in a direction parallel to its longitudinal
axls. After the conductor 46 1is removed, the current
transformer 54 can then be removed from the circuit breaker
housing 21 and replaced with a different current transformer.
To replace the current transformer 054, the steps are simply
reversed. Thus, 1t should be clear that a quick change CT
assembly has been disclosed which allows for a quick and easy
replacement of current transformers in the field.

COMBINATION BARRIER AND AUXILIARY CT BOARD

A comblnation barrier and auxiliary current
Cransformer board 268 is provided. This board 268 has several
purposes. One purpose 1s to provide a barrier to prevent
contact wlth the circuit breaker internal components. More
specifically, the board 268 closes an open portion 271 of the
housing 21. Another purpose is to provide means for mounting
auxlliary transformers 270. A third purpose is to provide a
means to connect the auxiliary transformers 270 to the main
current transformer 54 and the electronic trip unit. Lastly,
the combination barrier and auxiliary CT board 268 provides
means for venting of the heat generated within the circuit
breaker 20 to the atmosphere.

The comblnation barrier and auxiliary CT board 268 is
comprised of an E-shaped printed circuit board 272. The
printed circuit board 272 1s received in oppositely disposed

slots 274 formed in the side walls 276 of the base 22. The
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pottom of the printed circuit board 272 rests on top of a
vertically standing leg 278 portions of the frame 28. The E-
shaped printed circuit board 272 is disposed between the latch
assembly 82 and the open portion 271 of the housing 21. The
printed cilrcuilt board 272 contains a pair of spaced apart slots
282 which define its E-shape. The slots 282 are adapted to
recelve vertically standing side walls 284 formed in the frame
28.

Three auxiliary transformers 270 are provided; one
for each pole. The auxiliary transformers 270 have full
primary and full secondary windings and are used to step down
the current applied to the electronic trip unit. More
specifically, the secondary winding of each of the main current
transrormers 54 1s applied to the primary winding of a
correspondlng auxiliary current transformer 270. The secondary
windings of the auxiliary transformers 270 are then applied to
the electronic trip unit.

The printed circuit board 272 is used to replace a
wliring harness between the auxiliary transformers 270 and the
electroﬁic trip unit. More particularly, an electric circuit
1s provided on the printed circuit board 272 for the electrical
connections required between the primary windings of the
auxlliary transformers 272 and the secondary windings of the
maln current transformer 54. The electric circuit is formed on
Che printed circuit board 272 in a conventional manner. A main
connector 286 1s provided in the upper right hand corner of the
printed circuit board 272. This connector 286 is electrically
connected to the secondary windings of the auxiliary current
transtormers 272 by way of the electric circuitry formed on the
printed circuit board 272. A wiring harness having a connector
at poth ends (not shown) is then used to connect the printed
circult board 272 to the electronic trip unit. The auxiliary
transformers 270 are mounted directly to the printed circuit

board 272. Secondary connectors 288 are disposed adjacent each
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of the auxiliary transformers 270 on the printed circuit board
272, These secondary connectors 288 are connected to the
primary windings of the auxiliary transformers 270. In order
to connect each of the primary windings of the auxiliary
transformers 272 to the secondary windings of the main
auxliliary transformers 54, another cable (not shown) is
provided having a connector at one end connects the main cur-
rent transformers 54 to the board 270.

Venting holes 290 are provided in the extending leg
portions 292 of the printed circuit board 270. These vent
holes allow venting of heat generated in the housing 21 to be
vented to the atmosphere.

The combination barrier and auxiliary CT board 268
thus simplifies assembling of a circuit breaker thus reducing
manufacturing costs and simplifies the internal wiring of the
circult breaker 20.

MODULAR OPTION DECK ASSEMBLY

A modular option deck assembly is provided which
facilitates attachment of wvarious options, such as an
undervoltage release mechanism, shunt trip and various other
options to the circuit breaker. An undervoltage release
mechanism functions to open the main contacts 30 automatically
when the line voltage falls below a predetermined value. This
ls done to prevent certain loads, such as motors, from
operating at a reduced voltage which can cause overheating of
Che motor. An example of an undervoltage release mechanism is
disclosed in U.S. Patent No. 4,489,295, assigned to the same
asslignee as the present invention. A shunt trip device (not
shown) 1s essentially comprised of a solenoid having a
reciprocally mounted plunger disposed adjacent the trip bar 98.
The shunt trip device allows the circuit breaker 20 to be
tripped from a remote location. Neither the undervoltage
release mechanism nor the shunt trip device are required for

all circuit breakers 20. These 1tems are custom items and are
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generally factory 1installed. In order to reduce the
manufacturing time and cost of adding such custom items to the
circuit breakers 20 during fabrication, an option deck assembly
294 1s provided. The option deck assembly 294 includes a
rectangular plate disposed under the circuit breaker cover 24
carrlied by the frame 28 having an aperture 296 to allow
communication with the trip bar 98. The plate 294 also
includes a plurality of sets of slots 298 for recelving a
plurality of downwardly extending L-shaped arms 300 lntegrally
formed with a bracket 302. A plurality sets of slots 298 in
the Dbracket 302 for receiving the arms 300 allow cooperation
with the L-shaped arms 300 allow the various options to be
secured to the rectangular plate 294 to prevent movement in a
direction perpendicular to the plane of the plate 294 and
alignment with the trip bar 98. The L-shaped arms 300 are
provided on diametrically opposite portions of the bracket 302.
A plurality of sets of slots 298 are shown.

The bracket 302 1is adapted to be received into any
set of diametrically opposite slots 304, 306 or 308 to allow up
to three options, for example, to be provided in a given
circult breaker 20.

The Dbracket 302 1is provided with a plurality of
apertures 310 to allow the options to be attached to the
bracket 302 by way of a plurality of fasteners (not shown) .
Grooves 312 are provided in the plate 294, aligned with the
apertures 310 1n the bracket 302. These grooves 312 provide
space for the fasteners used to attach the option to the
bracket 302 to allow the bracket 302 to be slidingly received
onto the plate 294.

The various options each have a downwardly extending
lever (not shown) adapted to engage the trip bar 98 to cause
the clrcult breaker 20 to trip. After the option is assembled
to the bracket 302, the downwardly extending levers extend

downwardly from the rear edge of the bracket 302 through the
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aperture 290 to communicate with the trip bar 95, The
brackets 302 are then secured in place. Thus, 1t should be

clear that the option deck assembly allows the customizing of a
circult breaker rather easily and quickly.

FORCE TRANSMITTING SPACER

In order to reduce the time required for the
pivotally mounted contact arm assemblies 109 to blow open under
relatively high overcurrent conditions, a force transmitting
spacer 400 1s disposed adjacent the bight portion 402 of the
shunt 118. One force transmitting spacer 400 is utilized per
pole. Thus, each force transmitting spacer 400 cooperates with
all of the 1individual shunts utilized for a contact arm
assembly 109 such that all of the individual hunts 118 in the
contact arm assembly 109 are subject to relatively the same
amount of force from the force transmitting spacer 400.

The time 1t takes for a contact arm assembly 109 to
blow open during relatively high overcurrent conditions is a
function of the magnetic repulsion forces generated between
circult Dbreaker members defining parallel current paths.
In circult breakers, such as the circuit breaker described
herein, wherein V-shaped flexible shunts 118 are utilized
between the movable contact 34 and the stationary conductor
portion 111, the blow open time 1s increased by the time
requlred for compression of the shunt 118. More specifically,
the magnetic repulsion forces generated are a function of the
distance between the parallel circuit paths defined between the
depending legs 168 and 170 of the shunts 118 and between the
depending leg 170 and the stationary conductor portions 111 of
the contact assemblies 110. As shown 1n FIG. 19, during
relatively high level overcurrent conditions, electrical
current flows 1in the opposite directions as indicated by the
Arrows. Consequently, magnetic repulsion forces are developed
between the stationary conductor portion 111 and the depending

leg 170 of the shunt 118 resulting in a compression of the
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shunt 118. Due to the distance between the depending legs 168
and 170 of the shunt 118, compression of the shunt 118 1S
required Dbefore a sufficient magnetic repulsion force 1is
generated between the depending legs 168 and 170 to initiate a
blow open condition. Once the legs 168 and 170 of the shunt
118 are compressed a predetermined amount, the distance between
the two depending legs 168 and 170 will be such to generate
magnetic repulsion forces between the two depending legs 168
and 170 of the shunt 118 to cause the contact arm assembly 119
to blow open.

In order to eliminate or reduce this compression
time, a force transmitting spacer 400 is disposed adjacent the
bight portion 402 of the shunt 118. The force transmitting

spacer 400 may be formed from a relatively rigid dielectric

material. In order to substantially eliminate the spring
action of the shunt 118 and thus the compression time, the

force transmitting spacer 400 should engage both depending legs

168 and 170 of the shunt 118 during normal conditions (e.qg.,
at electrical current levels less than levels normally
resulting in a blow open condition). In this configuration,
the magnetic repulsion force developed between the depending
leg 170 and the stationary conductor portion 111 of the con-
tact assemblies 110 will be transmitted to the depending leg
168. This action reduces the time required for the contact arm
assembly 110 to blow open since the delay in walting for the
shunt 118 to compress 1is substantially eliminated. As a
result, the current throughput under relatively high
overcurrent conditions 1s significantly reduced, thereby
protecting downstream equipment from damage.

In some situations, it may be desirable to not
totally eliminate the spring action of the shunt 118. In such
sltuations, the force transmitting spacer 400 may be disposed
in contact with one or the other of the depending legs 168 or

170 or not in contact with either leg under normal conditions.
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Alternatively, the force transmitting spacer may be formed from
a slightly resilient material. In these situations the
compression of shunt 118 would be reduced to a portion of the
amount necessary wilthout a force transmitting spacer 400.
Thus, after a partial compression of the shunt 118, the legs

168 and 170 of the shunt 118 would be engaged by the force

Cransmitting spacer 400 to allow magnetic repulsion forces to
be transmitted to the depending leg 168.

Although various embodiments of the force
Cransmitting spacer 400 are contemplated to be within the
principles of the invention, the force transmitting spacer 400
1s described and illustrated for purpose of discussion having
clrcular cross-section having a diameter substantially the same
as the distance between the depending legs 168 and 170 of the
shunt 118 at a predetermined point adjacent the bight portion
402.

As will be appreciated by those of ordinary skill in
the art, there are various means and methods to secure the
force transmitting spacer 400 with respect to the bight portion
of the shunts 118. For example, as best shown in FIGS. 19 and
20, a strap 404 may be used. One strap 404 may be utilized per
pole. Such a strap is disposed generally perpendicular to the
depending legs 170 of the shunts 118 and generally parallel to
the axis of the force transmitting spacer 400. Because of the
relative movement of the depending legs 168 with respect to the
depending legs 170 of the shunts 118, the force transmitting
spacer 400 should be secured to only one or the other of the
depending legs 168 or 170. Also, the force Cransmitting spacer
400 should be sufficiently secured to prevent movement with
respect to the shunt 118 in both the axial and transverse
directions.

Obviously many modifications and variations of the

present 1nvention are possible in light of the above teachings.

Thus 1t 1s to be understood that, within the scope of the
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appended claims, the invention may be practiced otherwise than

as speclfically described hereinabove.
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We claim:

1. A cilrcuilt breaker comprising one or more pairs
of separable contacts, the or each pair defining a stationary
contact and a movable contact forming a pole, one or more 1line
side conductors each in electrical contact with a stationary
contact, one or more load side conductors, one or more flexible
shunts electrically connected between each of said movable
contacts and sald load side conductors, each of said shunts
being formed as V-shaped members defining a bight portion, a
first depending leg connected to said movable contact and a
second depending leg connected to said load side conductor
creating a first current path between said first depending legq
and sald second depending leg and a second current path between
sald second depending leg and said load side conductor, said
second current path causing compression of said first depending
leg with respect to sald second depending leg at a
predetermined magnitude of current, a spacer cooperable with
sald depending legs during overload conditions to transmit
magnetic repulsion forces generated between said load side
conductor and said second depending leg to said first depending
leg thereby substantially reducing the action of compression
required between said depending legs to cause the separable

contacts to blow open.

2. A clrcuilt breaker according to claim 1, wherein

the spacer 1s a rigid member.

3. A cilrcult breaker according to claim 2, wherein

the rigid member is formed from a dielectric material.

3, wherein the rigid member is disposed adjacent the first and

second depending legs.
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5. A cilrcuit breaker according to claim 4, wherein

the rigid member is normally in contact with one or both of the

first and second depending legs.

o . A cilrcult breaker according to any one of claims

2 to 5, wherein one rigid member is disposed adjacent the bight

portion.

7. A cilrcult breaker according to any one of claims

2 to 6, wherein one rigid member is used per pole.

3 . A cilrcult breaker according to any one of claims

2 to 7, wherein the rigid member is formed as a circular

memnmber.

9. A cilrcuit breaker according to claim 8, wherein

the diameter of the circular member 1is substantially equivalent

to the distance between the first and second depending legs at

a predetermined point.
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