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ABSTRACT OF THE DISCLOSURE

A circuit breaker module (which may also be termed an
interrupter) including circuit breaker contacts which are opened
and closed by an electrically-activated magnetic actuator and

capable of interrupting fault currents. The magnetic actuator 1is

stable in either a breaker-closed state or a breaker-open state

without requiring electrical current flow through the magnetic

actuator. An externally-connectable mechanical drive 1s linked

g

to the magnetic actuator in a manner such that movement of the

externally-connectable mechanical drive can destabilize the
breaker-closed state to open the circuit breaker contacts. An
external actuator activated by an external condition 1s connected
to said externally-connectable mechanical drive so as to cause
said circuit breaker contacts to open upon occurrence of the

external condition.
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CIRCUIT BREAKER REMOTE TRIPPING

BACKGROUND OF THE INVENTION

The invention relates generally to electrical circuilt
breakers and, more particularly, to the tripping of circuit

breakers.

Circuit breakers for high voltage applications (e.g.
27kV) typically include a mechanical tripping device, which 1s 1in
turn activated by an external trip unit. A typical modern trip

unit is an electronic device which senses a variety of fault

conditions, including overcurrent, and for example activates a
spring-loaded magnetically latched actuator connected tO the
circuit breaker trip device. Typical prior art devices require a

manual reset after a circuit breaker has been tripped.

Also relevant in the context of the invention 1s an "LD
serieg" circuit breaker module, described hereinbelow 1in greater
detail, manufactured by Tavrida Electric. A typical installation
of a Tavrida Electric breaker includes an electronic control

module which generates current pulses applied to a magnetic

actuator within the circuit breaker module to provide close and
open (trip) functionality. A drawback of the Tavrida breaker 18
that the electronic control module requires control power 1n
order to generate a current pulse to trip the cilrcult breaker.

Control power is not always conveniently available. Moreover,

control power may not be available sufficiently quickly when
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power 1s restored following a power i1interruption, which could

become an issue 1n the event their i1s a fault downstream of the

clircult breaker.

SUMMARY OF THE INVENTION

In one aspect, electrical switchgear 1s provided. The
swiltchgear includes a clrcuit breaker module 1n turn including
cilrcult breaker contacts which are opened and closed by an
electrically-activated magnetic actuator, the magnetic actuator
being stable 1in either a breaker-closed state or a breaker-open
state without requiring electrical current flow through the
magnetic actuator, and an externally-connectable mechanical drive
linked to the magnetilic actuator in a manner such that movement of

the externally-connectable mechanical drive can destabilize the

breaker-closed state to open the circult breaker contacts. An
external actuator activated by an external condition i1s connected
to sald externally-connectable mechanical drive so as to cause
sald circult breaker contacts to open upon occurrence of the
external condition.

In another aspect, electrical switchgear 1s provided.
The switchgear includes a cilrcuit breaker module in turn
including circult breaker contacts which are opened and closed by
an electrically-activated magnetic actuator, the magnetic
actuator being stable in either a breaker-closed state or a
breaker-open state without requiring electrical current flow
through the magnetic actuator, and an externally-connectable
mechanical drive linked to the magnetic actuator 1n a manner such

that movement of the externally-connectable mechanical drive can

destabilize the breaker-closed state to open the circuit breaker
contacts. A visible disconnect switch 1s connected electrically
in series with the circuit breaker contacts. An external

actuator activated by an external condition 1s connected to said

externally-connectable mechanical drive so as to cause said

TN
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circuit breaker contacts to open upon occurrence of the external

condition.

1

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A 1s a three-dimensional view of an "LD Series"

circuit breaker manufactured by Tavrida Electric;

FIG. 1B is an end elevational view of the circuit

breaker of FIG. 1A;

FIG. 1C is a three-dimensional underside view of a

portion of the circuit breaker of FIG. 1A;

FIG. 1D is a partially exploded three-dimensional view

corresponding to the view of FIG. 1C;

FIG. 2 1is a three-dimensional view, generally from the

right rear (with a linkage visible), of switchgear embodying the

invention in a first configuration, wherein the disconnect switch

and circuit breaker are both open;

FIG. 3 1s a right side (linkage side) elevational view
of the switchgear in the first configuration;

FIG. 4 is a three-dimensional view, generally from the

left rear (with a manually-operable disconnect switch handle

visible) of the switchgear in the first configuration;

FIG. 5 1s a bottom view of the switchgear in the first

configuration;

FIG. 6 1s a three-dimensional view, 1n the same

orientation as FIG. 2, generally from the right rear, of the
switchgear embodying the invention, but in a second
configuration, wherein the disconnect switch and circuit breaker
are both closed;

FIG. 7 1s a right side (linkage side) elevational view
of the switchgear in the second configuration;

FIG. 8 is a three-dimensional view, 1n the same

orientation as FIG. 4, generally from the left rear
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(manually-operable disconnect switch handle visible) of the

switchgear 1n the second configuration;

FIG. 9 1s a bottom view of the switchgear in the second

configuration;
FIG. 10 1s a right side (linkage side) elevational view

of the switchgear, of the switchgear embodying the invention, but

1n a third configuration, wherein the disconnect switch is closed

but the c¢ircuit breaker i1s open;

gy

FIG. 11 1s a schematic representation of a magnetically

latched actuator employed in embodiments of the invention;
FIG. 12 1llustrates a remote actuator embodying the

invention attached to an "LD Series" circult breaker manufactured

by Tavrida Electric; and

FIG. 13 1s a simplified electrical schematic circuit

dliagram.

DETAILED DESCRIPTION

FIGS. 1A, 1B, 1C and 1D 1llustrate a circuit breaker
module 20 having particular characteristics, described
hereinbelow, which are utilized in embodiments of the subject

invention. (Depending on the context, a circult breaker may also

be termed an 1nterrupter. For purposes of this disclosure, the

two terms have the same meaning.)

By way of example and not limitation, the particular

| —

clircult breaker module 20 1llustrated in FIGS. 1A-1D is an "LD

Series" circulit breaker module manufactured by Tavrida Electric,

F
p—

fice located on

and availlable through their North American o:

Annacils Island, Delta, British Columbia, Canada, 1nternet website

tavrida-na.com. "ILD Series" circult breaker modules are

avallable in 5kV, 15kV, and 27KV sizes. The circult breaker
module 20 1s similar to, and employs the same principles as a
circult breaker module disclosed 1n international patent

application Publication No. WO 2004/086437 Al, titled "Vacuum
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Circuit Breaker," and naming as applicant Tavrida Electrical
Industrial Group, Moscow, Russia. A typical installation
includes a control module 22 (represented in FIG. 13) which
generates current pulses to provide close and open (trip)
functionality. However, a characteristic of the circuilt breaker
module 20 is that it is stable in either a breaker-closed state
or a breaker-open state without requiring continuous electrical
energization, such as from the control module 22. (An example of
a control module is a Tavrida Electric model CM-15-1 electronic
control module.)

The circuit breaker module 20 includes a base 24 which
serves as a lower housing or enclosure for various components,
and three individual phase modules 26, 28 and 30 partially
secured within and extending upwardly from the base 24. Although
a three-phase circuit breaker module 20 is illustrated, and

embodiments of the invention illustrated and described herein

employ a three-phase circuit breaker module, such is by way ot
example and not limitation. The invention may, for example, be
embodied in single-phase switchgear employing a single-phase
circult breaker.

The three phase modules 26, 28 and 30 are essentially
identical. Accordingly, only phase module 26 1s described 1n
detail hereinbelow, as representative.

The phase module 26 includes an outer insulating tower
32, and a vacuum circuit breaker, generally designated 34, within
an upper portion of the insulating tower 32. The vacuum circuit
breaker 34 more particularly includes a fixed upper circuit
breaker contact 36 and a movable lower circult breaker contact 38
which open and close during operation. In the configuration of
FIG. 1A, the circuit breaker contacts 36 and 38 are open,
separated by a gap of approximately three-eighths inch (1 cm).

The circuit breaker contacts 36 and 38 are within a vacuum



CA 02785215 2012-08-10

chamber 40 defined in part by a generally cylindrical ceramic

body 42.

The fixed upper circuit breaker contact 36 1s

electrically connected to an upper terminal structure 44 which

passes through a seal 46 at the top of the vacuum chamber 40,
terminating in an upper screw terminal 48 at the top of the outer
insulating tower 32.

The movable lower circuit breaker contact 38 1s
mechanically and electrically connected to a conductive rod 50
which exits the bottom of the wvacuum chamber 40, sealed by a
bellows-1like flexible diaphragm 52 so that the conductive rod 50
can translate up and down. The diaphragm 52 1s annularly sealed
at its upper end 54 to the ceramic body 42 of the vacuum chamber
40, and annularly sealed at its lower end 56 to the conductive
rod 50. Accordingly, the conductive rod 50 and thus the movable
lower circuilt breaker contact 38 can move up and down to close
and open the circuit breaker contacts 36 and 38, while
maintaining vacuum within the vacuum chamber 40.

The conductive rod 50 1s electrically connected to a
side terminal 60 of the phase module 26 via a flexible junction
shunt 62. Thus, the upper screw terminal 48 and the side
terminal 60 serve as external high voltage terminals of the phase

module 26.

Also visible in FIGS. 1A and 1B 1s a general purpose

insulated mount 64 secured to the outside of the outer insulating

tower 32, and electrically insulated from the internal high

voltage components. As an example, the i1nsulated mount 64 may be
employed to mechanically secure conventional barriers (not shown)
between the phase modules 26 and 28, and between the phase

modules 28 and 30.

Generally within the base 24, the c¢ircult breaker
module 20 includes an electrically-activated magnetic actuator 70

connected via a drive insulator 72 to drive the conductive rod 50

for closing and opening the circuit breaker contacts 36 and 38.
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As described in greater detail hereinbelow, the

magnetic actuator 70 is stable, without requiring electric

current flow through the magnetic actuator 70, either in a
breaker-closed state (in which the conductive rod 50 and movable
lower circuit breaker contact 38 are driven upward), or 1in a
breaker-open state (the configuration of FIG. 1A) 1n which the
conductive rod 50 and the movable lower circult breaker contact
38 are retracted downwardly.

The magnetic actuator 70 includes, near the upper end
of the magnetic actuator 70, an annular magnetic stator 74; near
the lower end of the magnetic actuator 70, a movable annular
magnetic armature 76 which moves relative to the stator 74; and a
coil 78 which is energized with electrical current to activate

the magnetic actuator 70. The magnetic actuator 70 additionally

includes a compression spring 80 mechanilcally connected so as to
urge the armature 76 down and away from the magnetic stator 74.

An actuator rod 82 is connected to be driven by the
magnetic armature 76 and passes upwardly through a central
passageway in the magnetic actuator 70. At 1ts upper end the
actuator rod 82 is connected to the lower end of the drive
insulator 72.

Accordingly, when an energizing current 1s driven
through the coil 78 in a manner directing the breaker contacts 36
and 38 to close, the magnetic armature 76 moves upwardly to
physically contact the magnetic stator 74, driving the actuator
rod 82, drive insulator 72, conductive rod 50 and movable lower
circuit breaker contact 38 upwardly. When current 1s driven
through the coil 78 in a manner directing the circult breaker
contacts 36 and 38 to open, the magnetic armature 76, urged by
the compression spring 80, moves downwardly, away from the
magnetic stator 74, pulling down on the drive insulator 72, and
thus the conductive rod 50 and lower circult breaker contact 38.

An important characteristic of the magnetic actuator 70

is that a portion of the magnetic stator 74 1is made of
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high-coercivity material. In other words, and stated more
generally, during operation, at least one of the magnetic stator
74 and the magnetic armature 76 has characteristics of a
permanent magnet, maintaining residual magnetism, such that, in
the breaker-closed state, the stator 74 and armature 76 are
magnetically held tightly together, against the force of the
compression spring 80, and without requiring any ongoing
energization of the coil 78 to hold or maintain the closed state.
Accordingly, the armature 76 1s magnetically latched to the
stator 74, holding the circuit breaker contacts 36 and 38 closed.
During operation, the control module 22 drives current
through the coll 78 so as to close and open the circuit breaker
contacts 36 and 38. More particularly, to close the circuit
breaker contacts 36 and 38, the control module 22 drives a
current pulse of one polarity through the coil 78, causing the

magnetic armature 76 to move upward against the stator 74, to be

held by residual magnetism. When the circuit breaker contacts 36
and 38 are to open (trip), the control module 22 drives a current
pulse of opposite polarity through the coil 78, which

demagnetizes the stator 74 and armature 76, so that the armature

76 moves downward and away from the stator 74, urged by the
compression spring 80.

Thus, fundamentally the magnetic actuator 70 and
therefore the phase module 26 are electrically activated by
current pulses from the control module 22 to either close or open
(trip) the circuit breaker contacts 36 and 38. However, the
circult breaker contacts 36 and 38 also can be mechanically
opened, without requiring a current pulse through the coil 78.

More particularly, an externally-connectable mechanical
drive, generally designated 84, 1s provided. The
externally-connectable mechanical drive 84 can destabilize the
breaker-closed state to open the circuit breaker contacts 36 and

38. The residual magnetic characteristics of the stator 74 and

armature 76 are such that the stator 74 and armature 76 are held
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tightly together so long as there 1s no gap 1n between them.
With sufficient external force, the armature 76 can be pulled
down away from the stator 74, breaking the magnetic latch.

In the particular embodiment described in detaill

herein, the externally-connectable mechanical drive 84 takes the

form of a shaft 90, which in a three-phase breaker also functions

as and may be termed a synchronizing shaft 90, which engages a

mechanical coupling structure 92 (detailed in FIGS. 1C and 1D)
secured to the underside of the movable armature 76, as part of a
mechanism to convert linear up and down motion of the armature 76
to rotational motion of the synchronizing shaft 90, and vice
versa. The mechanical coupling structure 92, which functions as
a notched rod, cooperates with a slotted tooth 94 fixed to the
shaft 90 or synchronizing shaft 90. The slotted tooth 94, which
resembles a cam, has a plurality of individual tooth sections 96
which engage corresponding openings 98 in the mechanical coupling
structure 92, the openings 98 being separated by ribs 100.
Accordingly, external rotation of the synchronizing shaft 90
(counterclockwise in the orientation of FIGS. 1A, 1B, 1C and 1D),
and thus of the slotted tooth 94, pulls the coupling structure 92
downward, and the magnetic armature 76 away from the stator 74,

g
p—

thereby breaking the magnetic latching effect, destabilizing the

breaker-closed state, so that the circuit breaker contacts 36 and
38 open.

Conversely, during normal operation of the circuit
breaker module 20, when the coil 78 1s driven by the control
module 22, up and down motion of the magnetic armature 76 1s
transmitted via the coupling structure 92 and the slotted tooth
94 to rotate the synchronizing shaft (or, more generally, to move
the externally-connectable mechanical drive 84) in one direction
or another between a breaker-closed and a breaker-open position

as the magnetic actuator 70 opens and closes the circult breaker

contacts 36 and 38. This movement of the externally-connectable

mechanical drive 84 (rotation of the synchronizing shaft 90 1n
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the disclosed embodiment) can be employed to mechanically drive
external elements, for example, for the purpose of indicating the

state of the circuit breaker module 20, 1n other words, whether

the contacts 36 and 38 are open or closed. In addition, 1n order
to mechanically and positively prevent closure of the circuit
breaker contacts 36 and 38 notwithstanding energization of the
coil 78, movement of the mechanical drive 84 can externally be
blocked. In the illustrated embodiment, an end 104 of the
synchronizing shaft 90 has a slot 106 extending diametrically
across the end 104 to facilitate positive mechanical engagement

with the synchronizing shaft 90.

In the illustrated embodiment where there are three

 amd

phase modules 26, 28 and 30, another one of the functions of the

synchronizing shaft 90 is to ensure that the circuit breaker
contacts of all three phase modules 26, 28 and 30 open and close
together. For this purpose, external mechanical connections to
the synchronizing shaft 90, either to drive the synchronizing

shaft 90 or to be driven by the synchronizing shaft 90, are not

relevant.
Alternatively, the externally-connectable mechanical

drive 84 may take the form of a push pin 108 or interlocking pin

108 which is part of the circuit breaker module 20, and is linked
to the synchronizing shaft 90. (Two push pins or interlocking
pins are provided, but they are essentially identical, and only
push pin 108 is described in detail herein.) To convert
rotational motion to the synchronizing shaft 90 to linear
in-and-out motion of the push pin 108, a radially-extending piln
110 is fixed to the synchronizing shaft 90, and the pin 110
engages an aperture 112 in the push pin 108. The aperture 112 1s
slightly elongated.

Accordingly, externally pushing in the push pin 108
causes the synchronizing shaft 90 to rotate, in turn pulling the
magnetic armature 76 down away from the stator 74 to open the

circuit breaker contacts 36 and 38. Conversely, during normal
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operation of the circuit breaker module 20, up and down motion o:

the armature 76 as the coil 78 1s energized 1s converted to

rotation of the synchronizing shaft 90, which drives out and in
motion of the push pin 108. Although not 1llustrated, external
mechanical connections, described 1n greater detail hereinbelow,
may be made to the push pin 108 rather than to the end 104 of the

synchronizing shaft 90.

Referring now to FIGS. 2-5, electrical switchgear 120
embodying the invention i1s shown in a first configuration.

FIG. 2 1s a three-dimensional view, generally from the right

rear; FIG. 3 is a right side elevational view; FIG. 4 is a
three-dimensional view, generally from the left rear; and FIG. 5
1s a bottom view.

The electrical switchgear 120 includes the circuilt
breaker module 20 of FIGS. 1A-1D, as well as a vislible disconnect
switch, generally designated 122, connected electrically 1in
series with the circuit breaker module 20 as described 1n greater
detail hereinbelow. The cilrcuit breaker module 20 and the
visible disconnect switch 122 are mounted to a switchgear base
124,

The disconnect switch 122 1s a three-phase switch and
includes three i1ndividual switch poles 126, 128 and 130
corresponding to the individual phase modules 26, 28 and 30 of
the circuit breaker module 20. Although the i1llustrated
electrical switchgear 120 embodying the invention switches three
phases, the invention may as well be embodied i1n single-phase
switchgear.

The switch poles 126, 128 and 130 are essentially
identical. Switch pole 126, connected electrically in series
with phase module 26, 1s descrilibed hereinbelow as representative.

The disconnect switch 122 i1s a form of knife switch,
and the representative switch pole 126 includes a lever-like

knife 132. Switch poles 128 and 130 include corresponding knives

134 and 136. The representative knife 132 1s hinged at one end
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138, and has contacts 140 at the other end. The knife 132
contacts 140 mate with a jaw-like contact 142 mechanically
secured and electrically connected to the side terminal 60 of the
phase module 26. The hinge end 138 of the knife 132 1is
electrically and pivotally connected to a hinge and terminal
structure 144 terminating in a terminal 146 of the swilitchgear
120. Accordingly, the terminal 146 and the upper screw terminal
48 of the phase module 26 serve as overall terminals of the
switchgear 120, connected in series with a power supply line (not
shown), the current through which is to be switched or
interrupted. The hinge and terminal structure 144 1s mounted on
top of an electrical insulator 148, in turn secured to the
switchgear base 124.

In the first configuration of the switchgear 120 as
illustrated in FIGS. 2-5, the visible disconnect switch 122 and
the circuit breaker module 20 are both open. The open state of

the visible disconnect switch 122 is clearly evident from the

position of the knife 132. Although internal components of the

circuit breaker phase modules 26, 28 and 30 are not visilible, the
open state of the circuit breaker module 20 can be determined by
the rotational position of the end 104 of the synchronizing shaft

90. More particularly, the rotational position of the

synchronizing shaft 90 is indicated by the position of a

synchronizing shaft lever arm 150 (FIGS. 2 and 3) fixedly
connected to the end 105 of the synchronizing shaft, employing

the slot 106 for positive location.
FIGS. 6-9 correspondingly illustrate the switchgear 120

in a second configuration, in which both the disconnect switch
122 and the circuit breaker module 20 are closed. The closed

state of the visible disconnect switch 122 1is clearly evident

from the position of the knife 132. Again, although internal
components of the circuit breaker phase modules are not visible,
the closed state of the circuit breaker module 20 can be

determined by the rotational position of the synchronizing shaftt,
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and more particularly by the position of the synchronizing shaft
lever arm 150 (FIGS. 6 and 7).

FIG. 10 1llustrates the switchgear 120 a third
configuration, 1n which the disconnect switch 122 is closed, but
the circuit breaker module 20 i1s open, awaiting activation of the
magnetic actuator 70. This condition is recognized by the closed
state of the wvisible disconnect switch 122 (as in the second
configuration of FIGS. 6-9), and the position of the
synchronizing shaft 90 of the circuit breaker module 20 (as in
the first configuration of FIGS. 1-8).

During typical operation, during which a load (not

s

shown) 1s energized and de-energized through operation of the

clrcult breaker module, the switchgear 120 is in the second
configuration of FIGS. 6-9, or the third configuration of
FIG. 10. Thus, typically the visible disconnect switch 122
remalins closed, while the circuit breaker module controls
energization of the load.

For operating the visible disconnect switch 122, a mailn

switch actuator, generally designated 150, is provided. 1In the

1llustrated embodiment, the main switch actuator 150 takes the

form of a maln actuator shaft 152 which i1s rotated through a

g

range of approximately 90° between a switch-open position
(FIGS. 2-5) and a switch-closed position (FIGS. 6-9, as well as

FIG. 10.). In the illustrated embodiment, the main actuator
shaft 152, and thus the visible disconnect switch 122, 1is
manually operated by a switch handle 154 (FIGS. 4 and 8).
However, 1t will be appreciated that the main actuator shaft 152,
and more generally, the main switch actuator 150, may be moved by
a motor for remote operation of the visible disconnect switch
122, while still permitting visual observation of the open or
closed state of the disconnect switch 122.

The knives 132, 134 and 136 of the switch poles 126,
128 and 130 are operated by respective generally vertical push

rods 160, 162 and 164. At their upper ends, the push rods 160,
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162 and 164 are connected to the knives 132, 134 and 136 by
simple pivots 166, 168 and 170 in the form of pivot pins 166, 168
or 170 passing through circular apertures in the corresponding
knife 132, 134 or 136 and the upper end of the corresponding push
rod 160 162 or 1l64.

At their lower ends, the push rods 160, 162 and 164 are
connected to and moved by corresponding yoke arms 172, 174 and
176 welded to and extending from respective cylindrical yoke hubs
178, 180 and 182, which hubs in turn are keyed to the main
actuator shaft 152. (The yoke arms 172, 174 and 176 are visible
in the underside view of FIG. 9, but are hidden by the
cylindrical yoke hubs 178, 180 and 182 in the underside view of

FIG. 5.) In the switch-open first configuration of FIGS. 2-5,
the yoke arms 172, 174 and 176 extend essentially vertically
upwardly. In the second configuration of FIGS. 6-9 in which the
disconnect switch 122 is closed, the yoke arms 172, 174 and 176
extend essentially horizontally.

A lost-motion connection is provided such that a
predetermined degree of rotational movement of the maln actuator
shaft 152 occurs prior to any motion being transmitted to the
push rods 160, 162 and 164 and thus to the poles 126, 128 and 130
of the visible disconnect switch 122. In particular, the ends of
the yoke arms 172, 174 and 176 are pivotally connected to the
lower ends of the push rods 160, 162 and 164 via respective pins
184, 186 and 188 passing through slotted apertures 190, 192 and
194 in the lower ends of the push rods 160, 162 and 164. The
slotted apertures 190, 192 and 194 through which the pins 184,

186 and 188 pass provide a lost-motion link.

As thus far described, operation of the handle 154 to
rotate the main actuator shaft 152 opens (FIGS. 2-5) and closes
(FIGS. 6-9) the visible disconnect switch 122; and electrical
activation of the magnetic actuators, such as representative

magnetic actuator 70, within the circuit breaker module 20 by the



CA 02785215 2012-08-10

control module 22 (FIG. 11) opens and closes the circuilt breaker
module 20.

In addition, a mechanical 1nterlock, generally
designated 200, and an electrical interlock, generally desilignated
202, interconnect the circuit breaker module 20 and the visible
disconnect switch 122. Among other functions, the mechanical and
electrical interlocks 200 and 202 ensure that switching under
load, in particular current interruption, is always provided by
the circuit breaker module 20 and never by the visible disconnect
switch 122, which switch 122 provides visible assurance when the
electrical switchgear 120 is in an open or disconnected state.

The mechanical interlock mechanism 200 1s driven by the
main switch actuator 150 and 1s connected so as to force movement
of the externally-connectable mechanical drive 84 of the circuit
breaker module 20 so as to cause the circult breaker contacts,
for example the contacts 36 and 38, to open as the maln switch
actuator 150 begins to move from its switch-closed position

(FIGS. 6-9) to its switch-open position (FIGS. 2-4).

More particularly, the mechanical interlock mechanism

200 includes a trip lever assembly 210 i1n the form of a

bearing-supported hub 212 freely rotatable on a bearing 214, and

a trip lever 216 extending radially from the bearing-supported

hub 212. A linkage, generally designated 220, transfers rotation
of the bearing-supported hub 212 to rotation of the synchronizing
shaft 90 of the circuit breaker module 20, and vice versa. The

linkage 220 more particularly includes an adjustable-length

connecting link 222 having first and second ends 224 and 226, and

a respective clevis 228 and 230 at each end. Also fixably
attached to the bearing-supported hub 212 is a connecting lever

arm 232. An intermediate point 234 on the connecting lever arm

1

232 is pivotally connected to the clevis 230 at the second end o:

the connecting link 222. The connecting lever arm 232 extends

past the intermediate point 234, and a pin 236 at the end of the
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connecting lever arm 232 functlons as a stop to prevent the
connecting lever arm 234 from falling through the clevis 230.

The clevis 228 at the first end 224 of the connecting
link 222 1s pivotally connected to a synchronizing shaft lever
arm 238 fixedly connected to the end 104 of the synchronizing
shaft 90, and keyed employing the slot 106.

A tripping assembly, generally designated 250, 1is
driven by the maln actuator shaft 152 and engages the trip lever

assembly 210. More particularly, the tripping assembly 250

includes a cylindrical hub 252 keyed to the main actuator shaft
152, and a radially-extending yoke 254 extending from the hub
252. Bi-stable positioning is provided by a tension/extension

-

spring 256 attached to a post on a side of the yoke 254, in an

over-center arrangement. A roller 260 1s supported on a bearing
at the end of the yoke 254, and 1s positioned so as to engage the
trip lever 216 sO as to move the trip lever 216 up to cause
counterclockwise rotation of the trip lever assembly 210 in the

e

orlientation of FIGS. 2, 3, 6 and 7, as the main actuator shaft

152 (operated by the handle 154) 1s moved from the switch-closed

configuration of FIGS. 6-9 to the switch-open configuration of
FIGS. 2-5. The linkage 220 then drives the synchronizing shaft
lever arm 238 and thus the synchronizing shaft 90 of the circuit

breaker module 20 to mechanically open the circuit breaker

contacts. (In the third configuration of FIG. 10, the contacts

of the circuit breaker module 20 are already open, so the
tripping assembly 250 does not function.)

The lost motion linkage including the slotted apertures
190, 192 and 194 ensures that the trip lever 216 is tripped so
that the circuit breaker 20 contacts open before there 1s any
movement of the push rods 160, 162 and 164 to open the poles 126,
128 and 130 of the visible disconnect switch 122.

The mechanical interlock mechanism 200 additionally

includes a stop, generally designated 280, mechanically connected

to the main switch actuator 150 so as to be moved to a position
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which prevents movement of the externally-connectable mechanical

drive 84 of the circuilit breaker module 20 from 1ts breaker-open

position (FIGS. 2 and 3) and thus preventing closing of the
clrcult breaker contacts, such as the contact 36 and 38, when the
main switch actuator 150 is in its switch-open position

(FIGS. 2-5).

More particularly, i1n the i1llustrated embodiment the
stop 280 takes the form of a cam stop 282 configured as an
arcuate wing-1like structure extending radially from the
bearing-supported hub 212 of the trip lever assembly 210. As
1llustrated in FIG. 3, the cam stop 282 is immediately adjacent

the trip lever 216, thus mechanically blocking movement of the

bearing-supported hub 212 of the trip lever assembly 210.
Accordingly, even 1f the magnetic actuator 70 of the circuit
breaker module 20 were to attempt to close the circuit breaker
contacts, such closing operation would be mechanically prevented.
The stop 280 also ensures that the switchgear 120 cannot enter a
forbidden state, which would be disconnect switch 122 open and
circult breaker closed.

The electrical interlock 202 ensures that the magnetic
actuator 70 of the circuit breaker module can be energized to
close the circult breaker contacts 36 and 38 only when the
visible disconnect switch 122 1s closed, regardless of potential
control commands. The electrical interlock 202 more particularly
includes a normally-open microswitch 300 (FIGS. 5 and 9)
generally within the switchgear base 124. The microswitch 300
has an actuator arm 302 positioned so as to be actuated (thereby
closing electrical contacts within the microswitch 300) by one of
the three yoke arms, yoke arm 176 1n the i1llustrated embodiment,
in the closed configuration of FIGS. 6-9, wherein the yoke 176 1is
horizontal. The microswitch 300 1s electrically connected so as
to prevent energization of the coil 78 of the
electrically-activated magnetic actuator 70 of the circuit

breaker module 20 when the visible disconnect switch 122 1s open.
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1]

Depending upon the particular circuitry, any one of a varlety of

specific electrical connections may be employed.

As described up to this point, during normal operation,
the control module 22 drives current through the coil 78 of the
magnetic actuator 70 so as to close and open (trip) the circuit
breaker contacts 36 and 38. The electronic control module 22
includes "close" and "trip" command inputs, and control signals
may come from a variety of sources. Typically a control 1input to
the "trip" input is provided by a separate trip unit which
monitors for a variety of potential fault conditions, overcurrent
being a primary fault condition, but including others such as
ground fault and unbalanced phases.

A particular problem can arise when all power has been
interrupted to a power distribution circuit, causing a loss of

power supplied to the electronic control module 22, and in the

event there happens to be a fault downstream of the particular

breaker. When thereafter power 1s restored, even though the
electronic control module 22 may resume functionality relatively
quickly and eventually trip the circuit breaker 20, such
resumption and tripping still may still not be fast enough to

safely protect the circuit.

In addition, there are applications where the circuilt

breaker module 20 primarily provides a protective functilon,

rather than routine "on" and "off" switching of a load, and the

electronic control module 22 is not even included 1in an
installation.

For these and other purposes, a remote actuator,
generally designated 350, 1s provided. The remote actuator 350,
which may also be termed an external actuator 350 because 1t 1s
external to the circuit breaker module 20, 1s activated by an
external condition and is connected to the externally-connectable
mechanical drive 84 so as to cause the circuit breaker contacts
36 and 38 to open upon occurrence of the external condition.

Typically, the external condition which activates the external
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actuator 350 1is an overcurrent condition. However, embodiments
of the invention are not limited to the external condition belng
an overcurrent condition. By way of example, and not by way otf
limitation, other external conditions are ground fault,
undervoltage, excessive temperature, and excesslve pressure. AS
further examples, the external condition may be a manual
activation. Manual operation of a simple pushbutton switch 351

(FIG. 13) i1s another example of an external condition.

In the i1llustrated embodiment, the external actuator

350 takes the form of a spring-loaded magnetically latched
actuator 352 (described in greater detail hereinbelow with
reference to FIG. 11) having an output rod 354 movable between a
reset retracted position (FIGS. 6, 7 and 10) magnetically held
against spring force, and a triggered extended position (FIGS. 2
and 3). The magnetically latched actuator 352 is physically
attached to the base 24 of the circuit breaker module 20, and
more particularly to a portion of the switchgear base 124,
employing a mounting bracket 356. A spring-loaded magnetically
latched actuator can provide significantly greater i1mpact forces
compared to a simple solenoid of the same size, and a relatively
small current pulse is required for actuation. However, the
magnetically latched actuator 352 must be externally reset.

In the embodiment of FIGS. 2-10, the external actuator
350 1is connected to the linkage 220. More particularly, a push
pad 360 is attached at the first end 224 of the connecting link
222, immediately adjacent the clevis 228. The push pad 360 1s
positioned so as to both be pushed in a breaker-opening direction
(to the left in the orientation of FIGS. 3, 7 and 10) as the
output rod 354 of the spring-loaded magnetically latched actuator
352 extends, and, conversely, to push the output rod 354 to reset
the spring-loaded magnetically latched actuator 252 as the

magnetic actuator 70 of the circuit breaker module 20 closes the

contacts 36 and 38 of the circuit breaker module 20.
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As an example, a Model No. L-02111801 magnetic latch
mechanism availlable from Magnet-Schultz of America may be
employed as the magnetically latched actuator 352.

With particular reference to FIG. 11, which 1s a

schematic representation to 1llustrate operational principles,

the spring-loaded magnetically latched actuator 352 is a
bi-stable linear actuator which utilizes the energy stored in a
compression spring 362. The compression spring 362 bears agalnst
a plunger 364 connected to the output rod 354. Within a housing
366, the plunger 364 1s connected via an armature rod 368 to an
armature 370. A permanent magnet 372 1s mounted i1nside the
housing 366, as well as an electrical coil 374. To reset the
magnetically latched actuator 352, the output rod 354 1s pushed
1n, against opposing force of the internal compression spring
362, to a point where the permanent magnet 372 can attract and
hold the armature 370 in the latched position. Activation or
triggering of the magnetically latched actuator 352 1is
accomplished by applying a small pulse of electrical current to
the coil 374. The resulting magnetic field disrupts the holding

)

force of the permanent magnet 372, thereby allowing the internal

compression spring 362 to thrust the armature 368, along with the
plunger 364 and output rod 354, into the triggered extended
position, which 1is also referred to as the unlatched position.
Referring now to FIG. 12, an embodiment 400 of the
invention includes a remote actuator 350 or external actuator 350

connected to the circuit breaker module 20 of FIGS. 1A-1D, but

wilithout the inclusion of the visible disconnect switch 122 of

FIGS. 2-10. A synchronizing shaft lever arm 402 1s connected to

the end of the synchronizing shaft 90, for example in the same

amad

manner as the synchronizing shaft lever arm 238 of the embodiment

of FIGS. 2-10. At the end of the synchronizing shaft lever arm
402 1s a push pad 404, positioned so as to be engaged by the end
of the output rod 354 of the actuator 352. The magnetically
latched actuator 352 is attached by a mounting bracket 406.
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Referring finally to FIG. 13, which is a simplified
electrical schematic diagram, the circuit breaker module 20 1is
shown connected in series with a high voltage power line 450,
current flow through which is switched by the circuit breaker
module. Although only a single phase of the circuit breaker
module 20 1s shown in FIG. 13, such is representative only, and
the circuilt breaker module 20 may as well be a three-phase
breaker. Several of the elements represented in FIG. 13 are

-~

, but are included in FIG. 13, rather than including

optiona

additional drawing FIGURES with the optional elements omitted.

Thus, optionally connected in series with the circuit breaker

module 1s the visible disconnect switch 122. In an embodiment
corresponding to FIGS. 2-10 hereinabove, the disconnect switch
122 1s 1included. In an embodiment corresponding to FIG. 12

hereinabove, the visible disconnect switch 122 is not included.

Also represented in FIG. 13 are the Tavrida electronic

control module 22 having output lines 452 and 454 connected to
the coi1l 78 of the electrically-activated magnetic actuator 70
within the circuit breaker module 20. As part of the electrical
interlock 202, the microswitch 300 is connected electrically in
series with the output line 452, so as to prevent energization of
the magnetic actuator 70 when the disconnect switch 122 (if
included) 1s open. The electronic control module 22 receives
operating power on a line 456, and control signals (e.g. "close"
and "open" or "trip") on a control input line 458.

Also represented i1n FIG. 13 and mechanically connected

Lo the externally-connectable mechanical drive of the circuit
breaker module 20 via a representative mechanical connection 460,
1s the remote actuator 350, such as the spring-loaded
magnetically latched actuator 352, as described hereinabove.
Although the remote actuator 350 may be triggered by
any one of a variety of external conditions, in the i1llustrated
embodiment, which is typical, a trip unit 462, such as a Model

MVI3-30 from Thomas & Betts Corporation 1s employed. Element 462
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may also be termed an overcurrent relay. Agaln, examples of
other external conditions, 1n addition to overcurrent, are ground
fault, undervoltage, excessive temperature, and excessive
pressure.

The output of the trip unit 462 1is connected to the
remote actuator 350 via a representative line 464. Operating
power for the trip unit 462 is provided by a current transformer
466 which provides operating power to the trip unit 462 (or
overcurrent relay) via line 468.

As another example, either in addition to or as an
alternative to the trip unit/overcurrent relay 462 and current
transformer 466, the simple pushbutton switch 351 may be
provided, and manual operation of the pushbutton switch 351 is an
example of an external condition. In the FIG. 13 embodiment, a
battery 470 1s connected 1n series with the pushbutton switch
351, and connected via lines 472 and 474 directly to the
magnetically latched actuator 352. As noted above, the
spring-loaded magnetically latched actuator 352 can provide
significantly greater impact forces compared to a simple solenoid
of the same size, and a relatively small current pulse 1is
required for actuation. As an alternative to the battery 470, a
hand-cranked generator (not shown) may be provided to furnish
sufficient voltage and current to activate the actuator 352, in
which case the pushbutton 351 1s not required, because there is
no power to actuate unless the hand-cranked generator 1s cranked.

Accordingly, cranking the hand-cranked generator is an example of

an external condition. Embodiments including the pushbutton

switch 351 or the hand-cranked generator are useful because they
provide a way to safely manually trip the circuit breaker 20
wilthout reaching into an enclosure (not shown) for the circuit
breaker, and i1n the absence of any other control power.

It will be appreciated that the trip unit 462 and

remote actuator 350 operate entirely 1ndependently of the

electronic control module 22 and the magnetic actuator 70 of the



CA 02785215 2014-07-31

circuit breaker module 20. Likewise, it will be appreclated that
the pushbutton switch 351 or the hand-cranked generator operate

entirely independently of the electronic control module 22 and

the magnetic actuator 70 of the circuit breaker module 20.

In some embodiments, for cost reasons, the electronic
control module 22 may not be present at all in 1nstalled
equipment, only the current transformer 466, the trip
unit/overcurrent relay 462 and the remote actuator 350. An
example is in applications where the circuit breaker module 20

primarily provides a protective function, rather than routine

"on" and "off" switching of power to a load. In such
embodiments, a portable electronic control module (not shown), or
a simplified version thereof, is carried by a field technicilan
who uses the portable electronic control module to energlze the
magnetic actuator 70 to close the contacts 36 and 38 of the
circuit breaker 20, which then remain closed as described

hereinabove. The technician then takes the portable electronic

control module with him or her. Only after a fault has occurred
and the circuit breaker contacts 36 and 38 have been caused to
open by the remote actuator 350 does the technician need to
revisit the installation to re-close the circuit breaker 20.
While specific embodiments of the invention have been
illustrated and described herein, 1t 1is realized that numerous

modifications and changes will occur to those skilled in the art.
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CLAIMS

What 1s claimed 1is:

1. Electrical switchgear comprising:

switchgear overall terminals for connection in series
with a power supply line the current through which is switched
or interrupted;

a circuit breaker module including circult breaker
contacts which are opened and closed by an electrically-
activated magnetic actuator, said magnetic actuator Dbeilng
stable in either a breaker-closed state or a breaker-open state
without requiring electrical current flow through said magnetic
actuator, and an externally-connectable mechanical drive linked
to said magnetic actuator in a manner such that movement driven
by said magnetic actuator between the breaker-closed state and
the breaker-open state 1is transmitted to sald externally-
connectable mechanical drive for movement of said externally-
connectable mechanical drive in one direction or another, and
such that movement of said externally-connectable mechanical
drive is transmitted to said magnetic actuator so that movement
of said externally-connectable mechanical drive can destabilize
the breaker-closed state to open said circult breaker contacts;

a visible disconnect switch connected electrically 1n
series with said c¢ircuit Dbreaker contacts Dbetween said
switchgear overall terminals; and

an external actuator activated by an external
condition and connected to said externally-connectable
mechanical drive so as to cause said circuit breaker contacts

to open upon occurrence of the external conditilon.
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2. The switchgear of claim 1, wherein sald external

actuator is activated by an overcurrent condition.

3. The switchgear of claim 1, whereiln sald external
actuator comprises a magnetically latched actuator having an
output rod movable between a reset retracted position
magnetically held against spring force, and a triggered

extended position.

4. The switchgear of claim 2, wherein said external
actuator comprises a magnetically latched actuator having an

output rod movable between a reset retracted position

magnetically held against spring force, and a triggered

extended position.

5. The switchgear of claim 3, wherein:

said externally-connectable mechanical drive further
is linked to said magnetic actuator in a manner such that said
externally-connectable mechanical drive is driven to move in
one direction or another between a breaker-closed and a
breaker-open position as said magnetic actuator closes and
opens said circuit breaker contacts; and wherein:

said externally-connectable mechanical drive and said
magnetically latched actuator are connected such that, as said
externally-connectable mechanical drive 1s driven to move 1in
the one direction as said magnetic actuator closes said cilrcuit
breaker contacts, said output rod 1s pushed towards 1ts
retracted position against spring force so as to reset said

magnetically latched actuator.
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