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2,861,144

STORED ENERGY TYPE CLOSING DEVICE FOR
AN ELECTRIC CIRCUIT BREAKER

John A. Favre, Bromall, Pa., assignor to General Electric
Company, a corporation of New York

Application July 8, 1957, Serial No. 670,404
11 Claims. (Cl. 200—82)

This invention relates to a stored-energy type of clos-
ing device for an electric circuit breaker and, more par-
ticularly, to a closing device of this general type in which
pressurized fluid, preferably liquid, is utilized for charg-
ing a spring, which is subsequently released to produce
circuit breaker closing.

The use of pressurized liquid for the operation of a
circuit breaker has usually required a number of rela-
tively complex control valves and also a relatively ex-
pensive accumulator for storing a charge of compressed
gas, which provides the energy for closing the breaker.

It is an object of the present invention to provide a
simple and inexpensive circuit-breaker closing device
which is controlled by pressurized liquid but which re-
quires no accumulator or complex control valves for its
proper operation.

Another object of my invention is to provide a simple
and reliable closing device in which pressurized fluid

is utilized for charging a spring which can be subse-

quently released to produce circuit breaker closing.

Another object of my invention is to insure that pre-
mature operation of the hydraulically-controlled spring-
charging means does not interfere with or defeat dis-
charging of the spring during a normal closing operation.

In carrying out my invention in one form, I provide
a chargeable spring which is dischargeable at one of its
ends to produce closing of the circuit breaker. A mov-
able piston mounted within a cylinder is operatively
coupled to said one end of the spring. Pressurized fluid
supplied to the cylinder space at one side of the piston
acts to drive the piston in a direction to charge the
spring. When the spring is charged, a suitable latch
holds the piston in a position which maintains the spring
charged. Subsequent release of the latch allows the
spring to discharge and drive the piston in a direction
opposite to the charging direction, and this action is
used to produce circuit breaker closing. A dump passage
leading from the cylinder space is sealed off during the
spring-charging operation, but this dump passage is
opened during spring-discharging to allow closing action
to take place without appreciable restraint from fluid
in the cylinder space.

Control of fluid flow through the dump passage and
also through the inlet to the cylinder space is provided
by means of a pressure-sensitive movable valve element.
During a spring-charging operation, this valve element
seals off the dumping passage, but upon spring-discharge
this valve element is driven out of sealing relationship
with the dumping passage and into a position where it
acts to block flow through the inlet. This insures that
no fluid will be inadvertently supplied through the inlet
to the cylinder during a spring-discharging operation,
thus preventing spring discharging from being defeated
by any such fluid.

For a better understanding of my invention, reference
may be had to the following specification taken in con-
nection with the accompanying drawings, wherein:

Fig. 1 is a schematic view partially in cross-section
showing a circuit breaker closing arrangement embody-
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ing my invention.  The circuit breaker is in open posi-
tion with the closmg device fully charged.

Fig. 2 is a view similar to that of Fig. 1 but with
the parts of the closing device in a position through which
they would pass near the end of a closing operation.

"Fig.'3 is a view illustrating a portion of the circuit
breaker mechanism shortly after being tripped to open
position.

Fig. 4 is a cross-sectional view illustrating a modifica-
tion of one portion of the closing arrangement shown
in Figs. 1-3.

Referring now to Fig. 1, the stored energy closing
device is shown at 10, and the circuit breaker which it
is designed to close is shown at 12. This circuit breaker
12 can be of any suitable conventional type and is accord-
ingly shown in schematic form only.

As shown in Fig. 1, circuit breaker 12 comprises a
pair of relatively movable interrupting contacts 18 and
19. One of these contacts 18 is pivotally mounted at
18¢ and is biased to the open circuit position shown by
a suitable spring 20. Closing forces are transmitted to
the movable contact 18 by a conventional trip-free oper-
ating mechanism M which comprises a pair of toggle
links 21 and 22 pivotally joined together by a knee 23.
One of the toggle links 21 is pivotally connected at its
opposite end to movable contact 18, whereas the other
of ‘the toggle links 22 is connected by a pivot pin 224
to the upper end of a guide link 24. This guide link 24
is  pivotally supported at its lower end on a fixed. ful-
crum 26. The pivot pin 22a carries a latch roller 28
which cooperates with a suitable trip latch 30 pivotally
mounted at 31. So long as the trip latch 30 remains in
the latched position shown, the toggle 21, 22 is capable
of transmitting thrust to the movable contact 18.- Thus,
when the knee 23 is lifted from the position shown in
Fig. 1, the toggle 21, 22 is extended and drives the mov-
able contact 18 toward the closed circuit position.

This Jifting of the knee 23 is accomplished by the
action of a suitable plunger 35 cooperating with the usual
roller 36 which is mounted at the knee 23. When this
plunger 35 is driven upwardly fromi its position of Fig. 1,
it lifts the knee and produces closing of the circuit breaker
in the manner described hereinabove. Preferably, the
plunger 35 is arranged to drive the toggle 21, 22 slightly
overcenter and against a stop 37 so that the movable
contact will be held in closed circuit position even when
the plunger -35 is returned to its original posmon of
Fig. 1.

A suitable solenoid is provided for controlling the trip
latch :30. Energization of this solenoid 32 in response
to predetermined electrical conditions causes the sole-
noid ‘to drive the latch 30 ‘counterclockwise about its
pivot 31 to effect tripping open of circuit breaker.- Should
the latch 30 be tripped when the circuit breaker is closed,
or even during the closing stroke, the pivot 22a will be
freed by such tripping action, and as a result, the toggle
21, 22 will be rendered inoperative to transmit thrust to
the movable contact 18. As a ‘result, the opening spring
20 will be free to drive the movable contact to its open
position. )

The position of the parts of the mechanism after such
tripping has occurred is shown in Fig. 3, where the plunger
35 is shown still in its elevated position. A suitable re-
setting spring 38 connected to the guide link 24 and tend-
ing to rotate the guide link clockwise about its fulcrum
26 tends to reset the mechanism M to a latched; thrust-
transmitting condition but is incapable of achieving this
resetting action so long as the plunger 35 remains out of
its normal position of Fig. 1. As shown in Fig. 3, the
plunger 35 acts to block such resetting action while in its
raised position, and only when it is returned to its po-
sition of Fig. 1-is it moved out of interfering relation-
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ship with the roller 36 to permit the resetting spring 38
to restore the mechanism 12 to the thrust-transmitting
condition of Fig. 1. The importance of this reset-block-
ing action will soon appear more clearly.

For driving the plunger 35 upwardly to produce the
above-described closing of the circuit breaker 12, the
stored-energy closing device 16 is relied upon. Referring
to F1°s 1 and 2, thrs closing devrce 16 comprises a cyl-
inder 490 havmg a piston 42 slidably mounted therein.
The plunger 35 is attached to this piston 42 at its lower
end by suitable means, such as by a nut 43 threaded
on the plunger and clamping the piston agamst a shoulder
44 formed on the plunger, The plunger 35 is urged up-
wardly from the posmon of Fig. 1 by means of a heavy
compressmn sprng 45, hereinafter termed the closing
lower end wall 46 of the cylmder "In the position shown
in F1g 1, the closing spring 45 is fully charged and is
held in this fully charged condition by means of a suit-
able latching device 48.

The latching device 48 may be of any suitable con-
ventional form but preferably comprises a toggle con-
sisting of a pair of links 49 and 50 pivotally joined to-
gether by a knee 51. The link 49 is plvotally connected
to the plunger 35 at 52, whereas the link 50 is pivotally
mounted ona statlonary pivot 53. The knee is restrained
in the position shown in Fig. 1 by means of a suitable
latch 54 pivoted at 55 and urged into its restraining
position by a compression spring 56. When this latch
54 is lifted by means soon to be described, the knee 51
is released, and the plunger 35 is then free to move up-
wardly. This allows the charged compression spring 45
to quickly discharge and thus drive the plunger 35 rap-
1dly upward to produce the desired closing of the breaker.
The position of the parts after the closing spring 45 has
completed a major portion of its discharging action is il-
lustrated in Fig. 2.

For lifting the latch 54 to initiate the above-described
discharge of the closing spring 45, a solenoid 11 is pro-
vided. Referring to Fig. 1, when this solenoid il is en-
ergized to drive its armature upwardly, a projection 1la
carried by the armature engages the underside of the
latch 54 and carries the latch upwardly into the tripped
position, thereby initiating the above-described closing
-action. This energization of the solenoid is produced by
closing a suitable control switch 13, which is connected
in series with the coil of a control relay 14 and a nor-
mally-closed set of contacts 16 across a source 15 of
control power. Closing of the control switch 13 ener-
‘gizes the control relay 14 which responds by rmmedlately
closing its contacts 14a to complete an energ1zmg cir-
cuit for the solenoid 11.

The contacts 16, which are connected in series with the
coil of control relay 14, are controlled by the position
of latch 54. Tripping of the latch 54 opens these con-
tacts 16, and they remain open until the latch 54 is re-
set. The purpose of these contacts 16 is to prevent re-
lease of the closing spring 45 prior to its being fully
charged, as will soon appear more clearly.

. The control relay 14 has a time-delay drop-out char-
acteristic. Thus, when the control switch 13 is released
after having been closed fo initiate a closing operation,
the contacts 14a remain closed until explratron of a pre-
determined interval. This interval is set to have suffi-
-cient length to insure completion of the circuit breaker
closing operation. When the conmtacts 1d4a open after
completion of this interval, they interrupt the energizing
circuit for the solenoid 11, thereby allowing the solenoid
to drop-out.

For recharging the spring 45 so as to permit additional
closing operations, pressurized liquid is supplied to the
cylinder space above the piston 42. To provide for this
pressurized liquid, the upper end of the cylinder 40 is
fitted with a cup-shaped closure 57 acting to seal off
this upper end of the cylinder. The plunger 35 extends
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through a central opening provided in the cup-shaped
closure 57, and a suitable seal 58 closely surrounding the
plunger prevents any fluid leakage about the plunger.
The closure 57 is tightly received within the cylinder 40
and is retained in its position shown by means of a suit-
able cup-shaped retainer 59 fixed to the cylinder 40.

The cup-shaped closure 57 also serves as the body of
a dump valve that is relied upon to control the flow of
pressurized liquid into and out of the cylinder 40. This
dump valve comprises a movable valve element 60 which
is slidably mounted within the cylindrical body of closure
57. The plunger 35 passes through a central opening in
the valve element 60, but this opening is of sufficient size
to allow free movement of the valve element relative to
the plunger. A compression spring 62 interposed be-
tween the closure 57 and the movable valve element 66
urges the valve element into its position of Fig. 1, where
it is shown seated upon a suitable stop 64. In this seated
position of Fig. 1, the outer perlphery of the valve ¢le-
ment 60 acts io seal off a relatively-large dump passage
66 leading from the interior of cylinder 40 to a suitable
sump 68. An inlet passage 69 of lesser size for supplymg
pressurrzed quurd to the cylinder 40 (in a manner soon
to be descrlbed) is located above the seated position of
the movable valve element 60 and can therefore supply
fluid to the interior of the cylinder 40 without restraint
from the valve element 60 so long as the valve element
remains in its seated posxtton of Fig. 1.

The movable valve element 68 has a plurality of orifices
78 formed therein for adrnlttmg liguid from the upper
side of the valve element to the cylinder space at its lower
side. A flap valve 71 carried adjacent the lower side of
valve element 69 offers no apprecmble 1mped1ment to
such downward flow but acts as a check valve for pre-
venting reverse or upward flow of liquid through the
orifices 70 This ﬂap valve 71 is shown loosely mounted
Wlthm a recess 72 formed in the lower face of the dump
valve element 60 and retained within this recess by a
su1table 1eta1n1ng ring 73 secured to the dump valve ele-
ment 60. Downward ﬁow of hquld through the orifices
70 forces the flap valve 71 against the retaining ring 7¢
and allows ﬂurd to flow freely through the enlarged cen-
tral opening 74 of the flap valve. However, when fiuid
tends to flow in an opposite or uplward direction, the flap
valve 71 is forced uipwardly against the underside of the
dump valve element 68, where it acts to seal the orifices
70 and block upward flow therethrough. ’

For supplying pressuuzed liquid to the cylinder 48
through the inlet passage 69 in order to recharge the clos-
ing spring 45, a suitable reversrble gear pump 75 is pro-
vided: This pump 75 is arranged to be driven by a re-
versible electric motor 76 which is controlled in a man-
ner soon to be described. When the motor 76 drives the
pump 75 in a forward direction, as illustrated in th 1,
the pump forces liquid into the space above the valve
element 69 and through the orifices 7€ into the cylinder
space above the piston 42. The pressure within this cyl-
inder space quickly builds up and acts to drive the piston
42 downwardly thereby compressing and recharging the
spring 45. Near the end of this downward SLroke, the
latch 54 moves into place behind the knee 51, thereby
rendenng the latchma device 48 again operative to hold
the spring 45 in its charoed condmon When this occurs,
operation of the pump 75 is terminated by openmg of
the motor-energizing circnit, and the latching device 43
acts thereafter to hold the closing spring 45 charged.
When operation of the pump is terminated, the pressure
which had been buxlt up within the cylinder space begins
to decay, but the latching device 48 holds the closmg
spring charged desplte this decay in pressure. The posi-
tion of the various parts shortly after operauon of the
pump has been terminated is illustrated in Fig. 1.

The reversible motor 76, which controls the pump 75,
can be of any suitable conventional form but preferably
comprises a pair of field windings F and R, each of which
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is shown connected in series with the armature of the
motor. Energization of the winding F produces forward
operation of the motor, whereas energization of the wind-
ing R produces reverse operation.

For properly controlling the motor 76 and the pump
75, 1 connect in series with the reverse winding R of the
motor a set of normally-open contacts 78 which are con-
trolled by the closure-initiating solenoid 11. When these
contacts 78 are closed, they complete an energizing circuit
for the reverse winding R, thereby causing the motor to
operate in a reverse direction (for purposes which will
soon be apparent).

For controlling the forward winding F, a set of nor-
mally-closed contacts 80 are connected in series there-
with. These contacts 80 are controlled by the closure-
initiating solenoid 11 and are opened by the solenoid
when it operates to initiate closure of the circuit breaker.
Also connected in series with the forward winding F is
another set of contacts 82 which are controlled in accord-
ance with the position of latch 54. When the latch 54
is'in its reset position of Fig. 1, these contacts 82 are
open, but when the latch 54 is tripped, these contacts
82 are driven closed by means of a suitable spring 83.
Contacts 82 remain closed until the latch 54 resets.

Assume now that the circuit breaker 12 is open and
that it is desired to close the breaker. If the parts of the
closing device 10 are in the position shown in Fig. 1, this
closing action can be initiated by closing the control
switch 13.  As previously described in detail, this causes
the solenoid 11 to operate, thereby tripping the latch 54
and freeing the closing spring 45 for discharge. The clos-
ing spring responds by driving the piston 42 and the
plunger 35 rapidly upward to produce the desired circuit
breaker closing action.

This upward closing movement of the piston 42 takes
place without appreciable restraint from the liquid above
the piston because of the action of the movable dump
valve element 60 during this closing period. In this re-
gard, when the spring 45 begins to discharge and force
the piston 42 upwardly, it pressurizes the body of liquid

between the plston 42 and the movable valve element 69.

As illustrated in Fig. 2, this pressure acting against the
underside of the movable valve element 60 forces the
valve element upwardly against the bias of spring 62,
‘thereby uncovering the relatively large dump passage 66.
Thereafter, liquid can flow freely through this dump pas-
sage and, accordingly, very little fluid resistance is en-
countered by the piston as it continues through its upward
closing stroke.

When the above-described upward closing movement
of the piston 42 was initiated, the pressurized liquid be-
neath the dump valve element 60 forced the flap valve 71
immediately to seat against the underside of the valve
element.
70, thus preventing any pressure build-up above the valve
element 66 which would undesirably retard upward
dumping movement of the valve element 6.

In the illustrated embodiment of my invention, upward
dumping action of the valve element 60 is effected at high
speed by relying upon reverse pumping action by the
pump 75. More specifically, when the solenoid 11 op-
erates to trip the closure-initiating latch 54, it also closes
‘the contacts 78 in the energizing circuit for motor wind-
ing R.  This causes the motor to drive the pump in the
_reverse direction illustrated in Fig. 2. Such reverse pump-
ing action quickly withdraws liquid from the space above
the dump valve element 60, thus allowing this valve ele-
‘ment 69 to move rapidly upward under the influence of
fluid pressure acting against its underside.

In those applications where it is acceptable to initiate
closing action at a lower speed than above-described, the
‘gear pump 75 can remain idle, instead of being reversely-
“driven, during the above-described closing action. "In
such cases, sufficient leakage takes place through the idle
-gear pump to permit the valve element 60 to move up-

This blocked upward flow through the orifices
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wardly under the influence of pressure acting against 1ts
underside.

When the upward closing stroke of piston 42 has been
completed pressure beneath the dump valve element 60
is insufficient to hold the valve element in its upper
position against the action of spring 62. As a result,
the spring 62 restores the valve element 60 to its lower
position, which is depicted in F1g 1.

Recharging of the closing spring 45 after completion
of the above-described closing action takes place as fol-
lows.  Assume first that the operator had released the
control switch 13 immediately after initiating this clos-
ing action. After a time interval sufficiently long to in-
sure completion of the closing operation, the relay 14
drops out to open its contacts 14a, thereby interrupting
the energizing circuit for the solenoid 11. This causes
the solenoid 11 to drop out, thereby closing its contacts
80 and opening its contacts 78. Opening of the contacts
78 interrupts the energizing circuit for the reverse wind-
ing R of the motor 75, whereas closing of the contacts
80 completes an energizing circuit for the forward wind-
ing F of the motor: This terminates the reverse pumping
action and initiates forward pumping action. Such for-
ward pumping action forces liquid through the inlet pas-
sage 69 and the orifices 70, as indicated by the arrows in
Fig. 1, thus building up fluid pressure above the piston
42. This pressure build-up drives the piston 42 down-
wardly to recharge the closing sprmg 45. When this
downward charging movement of piston 42 has pro-
gressed to the stage where latch 54 can reset to its posi-
tion of Fig. 1, the latch-controlled contacts 82 are opened
by the latch, thereby interrupting the motor energizing
circuit. This terminates the spring-charging action, and
the closing device is once again prepared to produce: cir-
cuit breaker closing.

For preventing circuit-breaker pumping, i. e., inad-
vertent repetitive closing operations in the event that the
breaker should fail to remain closed while the control
switch 13 is held closed, the control relay 14 is provided
with a set of seal-in contacts 145 which are operated to
closed position when the control relay 14 is picked-up
to initiate circuit-breaker closing. Closing of these con-
tacts 14b completes a seal-in circuit through the switch
13, the coil of relay 14, and the contacts 14b, which
holds the relay 14 in an operated position so long as the
control switch 13 is held closed. This holds the con-
tacts 14a closed so long as the control switch 13 is held
closed, thus maintaining the solenoid 11 energized and
its contacts 80 open so long as the control switch 13 is
held closed. Since the contacts 80.are relied upon for ini-
tiating a recharging operation, so long as they are held
open, recharging is prevented. Thus, holding the control

switch 13 closed will prevent recharging after a closing op-

eration, and this will prevent additional closing operations
until the control switch 13 is released.

It is important that the closing spring 45 be allowed
to drive the movable contact 18 of the circuit breaker
toward closed position only when sufficient power is
stored in the spring to complete such a closing operation.
For example, if the spring-charging motor 76 - should

. become accidentally de-energized before the charging

65

70
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operation is completed, say, as a result of loss of control
power, then the resulting discharge of the spring 45
should not act to drive the contact 18 toward closed posi-
tion. This objective is attained in my closing arrange-
ment by preventing the trip-free linkage M from reset-
ting to a thrust-transmitting condition until the spring-
charging operation has been completed. For example,
referring to Fig. 3, the mechanism resetting spring 38 is
incapable of resetting the mechanism until the plunger
35 has been lowered to a position in which the closing
spring 45 is fully charged. Thus, if the closing spring
45 should be prematurely allowed to discharge, it would
simply drive the plunger 35 upwardly without transmit-
ting closing thrust to the movable contact 18,
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The contacts 16 also aid in preventing release of the
closing spring 45 prior to its being fully charged. These
contacts 16 remain open so long as the latch 54 is in its
tripped position and close only when the latch resets in
response to completion of a rechargmg operation. So
long as these contacts 16 remain open, the solenoid 11
is prevented from being again energized as a result of
closing the control switch 13. Thus, the solenoid is dis-
abled from initiating a closing action prior to full re-
charging of the closing spring 45.

Once the closing spring 45 begins discharging to ini-
tiate the usual circuit-breaker closing operation, it is
important that this operation always be carried through
to completion without interference or opposition from
operation of the pump 75. For example, if, for any
reason, the pump 75 should become prematurely operated
in a spring-charging, or forward, direction during the
spring-discharging interval, then such operation should
not be allowed to oppose the discharging of the spring.
This objective is attained in my arrangement by relying
upon the movable dump valve element 69 to block flow
through the inlet 69 during a spring-discharging opera-
ation. For example, during substantially the entire spring-
discharging action, the valve element 69 is in its eleyated
position of Fig. 2 where it seals off the inlet 69 and there-
fore prevents the flow of liquid from the pump into the
cylinder ‘space.

In those applications in which it is desired to .effect
automatic reclosing of the above-described circuit breaker,
the closing :control switch 13 is arranged to close auto-
matically in ‘response to a breaker-opening operation,
thereby initiating an automatic reclosure. Circuits for
providing this desired -control over the closing control
switch 13 are well known, and reference may be had to
Stewart Patent 1,943,096, assigned to the assignee of this
application, for an example of such a circuit.

It may be desirable in certain of these reclosing appli-
cations to delay the automatic reclosing operation until
2 predetermined interval of time has elapsed after circuit
breaker opening. Such a delay can be readily obtained
in my disclosed operating device by providing in the inlet
line 69 a valve such as shown at 99 in Fig. 4. This valve
98 comprises a movable element 91 which is biased by
means of a light spring 92 into engagement with a suit-
able seat 93 on the pump or upstream side of the valve.
Flow from the pump forces the valve element 91 off of its
seat, and fluid from the pump is thereafter able to flow
relatively freely about the outer periphery of the element
91 toward the main operating cylinder 48. Thus, the
valve offers .no appreciable impedance to that flow which
is relied upon to charge the main spring 45. However,
when flow takes place in a reverse direction through the
valve 90, as indicated by the arrows of Fig. 4, element
91 is forced against the seat 93, and any fluid flowing
in this reverse direction is required to flow through a
testricted orifice 94.

The tate at which this flow in a reverse direction takes
place governs the speed at which the previously described
dumping movement.of the main valve elements 60 takes
place and, correspondingly, the rate at which discharge
of the closmg spring 45 is initiated. The size of the
onﬁce 94 governs this rate of reverse flow. Hence, by
a suitable choice of the size of restricted orifice 94‘ a
desired delay in reclosing can be obtained.

While I have shown and described particular embodi-
_ments of my invention, it will be obvious to those skilled
.in ‘the art that varicus changes and modifications can
be .made without departing .from my invention in its
broader aspects, and I therefore intend in the appended
cla1ms to cover all such changes and modxl' cations as fall
w1th1n the true spirit and scope of my invention.

"What I claim as new and desire to secure by Letters
"Patent of the United States is:

1. In an electric circuit breaker, a chargeable closing
spring wh1ch is d1schargeable to close said brcaker a
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cylinder, a movable piston mounted within said cylinder
and operanvely coupled to one end of said spring, means
for supplying pressurized fluid to the cylmder space at
one side of said piston for dr1v1n0 said piston in a first
direction to charge said sprmg releasable restraining
means for holding sa1d plStOn in a posmon to maintain
said spring chawed means for subsequently releasing sald
restraining means to allow said sprmg to dlscharge at
said one end and drive sald piston in a direction opp031te
to said first direction, means actuated by piston move-
ment in said opposite direction for closing said ClI'CLllt
breaker, a dump passage leading from said cylinder space,
a movable valve member blocking flow through said dump
passage durlng charging of said spring, and means oper-
able after completion of said sprmcr-chalomg operation
for moving said valve member out of blocking relation-
ship relative to said dump passage whereby to allow said
spring during discharge to drive said piston in said op-
pos1te direction without appreciable restraint’ from ﬂuxd
in said cylinder space.

2. In an electric circuit breaker, a chargeable closing
spring which is dischargeable at one of its ends to close
said breaker, a cylinder, a movable piston mounted within
said cylinder and operatively coupled to said one end of
said spring, means for supplying pressurized fluid to the
cylinder space at one side of said piston for driving said
piston in a first direction to apply spring-charging force
to said one end of said spring, releasable restraining means
for holding said p1ston in a position to maintain said sprlng
charged, means for scbsequently releasing said restraining
means to allow said sprmv to dlscharve at said one -end
and drive said piston in a direction opposite to said first
direction, means actuated by piston movement in said
opposite direction for closing said circuit breaker, a dump
passage leading from said cylinder space, a movable valve
member blecking flow through said dump passage during
charging of said spring, and means cperable upon release
of said restraining means for moving said valve member
out of blocking relationship with said dump passage, said
valve member being maintained in said non-blocking posi-
tion during spring-discharge by fluid pressure forces pro-
duced by said spring-discharge, and means for returning
said valve member to said blocking position upon com-
pletion of said sprmg-dlschargmg action.

3. In an electric circuit breaker, a chargeable closing
spring which is dischargeable to close said breaker, a cylin-
der, a movable piston mounted within said cylmder and
operatiVely coupled to one end of said spring, means for
supplying pressurized fluid to the cylinder space at one
side of said piston for driving said piston in a first direc-
tion to charge said Splin releasable restraining means
for holding said piston in a position to maintain said
spring charged, means for subsequently releasing said re-
straining means to allow .said spring to discharge at said
one end and drive said piston in a direction opposite to
said first direction, means actuated by piston movement
in said opposite direction for closing said circuit break-
er and means for quickly dischargmg fluid from said
cylinder space when the piston moves in said opposite di-
rection whereby to allow circuit-breaker closing to take

place without appreciable restraint from fluid in said

cylinder space.

4. In an electric circuit breaker, a chargeable spring
which is dischargeable at one of its ends to close said
breaker, a cylinder, a movable piston mounted within
said cylinder and operatively coupled to said one end of
said spring, means for supplying pressurized fluid to the
cylmder space at one side of said piston for driving said
plston in a first direction to charge said sprmg, releasable
restraining means for holding said piston in a position to
maintain said spring charged means for subsequently re-
leasing said restraining means to allow said spring _to
discharge at said one end and drive said p1°t0n in a direc-
tion opposite to said first direction, a dump passage Jead-
ing from sald cyhnder space, a movable valve member



2,861,144

9

blocking flow through said dump passage during charging
of said spring, and means operable upon release of said
restraining means for moving said valve member into
a position for blocking flow into said cylinder space and
for allowing flow out of said cylinder space through said
dump passage.

5. In an electric circuit breaker, a chargeable closing
spring which is dischargeable to close said breaker, a cylin-
der, a movable piston mounted within said cylinder and
operatively coupled to said spring, a first passageway lead-
ing into the cylinder space at one side of said piston,
means for supplying pressurized fluid to said cylinder
space through said first passageway to drive said piston in
a directicn to charge said spring, releasable restraining
means for holding said piston ih a position to maintain
said spring charged, means for subsequently releasing said
restraining means to allow said spring to- discharge and
drive said piston in a direction opposite to said charging
direction, means actuated by piston movement in said
opposite direction for closing said breaker, a dump passage
leading from said cylinder space, a movable valve member
blocking flow through said dump passage during the time
fluid is flowing through said first passageway to charge
said spring, and means operable upon release of said
restraining means for moving said valve member out of
blocking relationship with said dump passage and into
blocking relationship with said first passage.

6. In an electric circuit breaker, a chargeable closing
spring which is dischargeable to close said breaker, a
cylinder, a movable piston mounted within said cylinder
and operatively coupled to said spring, a first passageway
leading into the cylinder space at one side of said piston,
pumping means for supplying pressurized fluid to said
cylinder space through said first passageway for driving
said piston in a direction to charge said spring, releasable
restraining means for holding said piston in a position to
maintain said spring charged, closure-initiating means for
subsequently releasing said restraining means to allow
said spring to discharge and drive said piston in a direc-
tion opposite to said charging direction, means actuated
by piston movement in said opposite direction for clos-
ing said breaker, a dump passage leading from said cylin-
der space, 2 movable valve member blocking flow through
said dump passage during the time fluid is flowing through
said first passageway to charge said spring, means oper-
able upon release of said restraining means for effecting
dumping movement of said valve member out of blocking
relationship with said dump passage, and means con-
trolled by said closure-initiating means for causing said
pumping means to withdraw from the region of said valve
member fluid tending to retard dumping movement of
said valve member whereby to accelerate said dumping
movement.

7. The combination of claim 6 in which said dumping
movement of the valve member positions the valve mem-
ber in blocking relationship with said first passageway.

8. In an electric circuit breaker, a chargeable spring
which is dischargeable to close said breaker, a cylinder,
a piston movably mounted within said cylinder and oper-
atively coupled to said spring, reversible pumping means
operable in a forward sense to supply pressurized fluid to
the cylinder space at one side of said piston for driving
said piston in a first direction to charge said spring, re-
leasable restraining means for holding said piston in a
position to maintain said spring charged, means for sub-
sequently releasing said restraining means to allow said
spring to discharge and drive said piston in a direction
opposite to said first direction, a dump passage leading
from said cylinder space, a movable valve member block-
ing flow through said dump passage during charging of
said spring, means operable upon release of said restrain-
ing means for effecting dumping movement of said valve
member out of blocking relationship with said dump pas-
sage, and means for accelerating said dumping movement
of said valve member by causing said pumping means to
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operate in a reverse sense and remove liquid from ahead
of the valve member during said dumping movement.

9. In an electric circuit breaker, a chargeable closing
spring which is dischargeable to close said breaker, a cyl-
inder, a movable piston mounted within said cylinder and
operatively coupled to said spring, a first passageway
leading into the cylinder space at one side of said piston,
means for supplying pressurized fluid in a forward direc-
tion through said first passageway to drive said piston in
a direction to charge said spring, closure-initiating means
for subsequently causing said spring to discharge and
drive said piston in a direction opposite to said charging
direction, means actuated by piston movement in said
opposite direction for closing said breaker, a dump pas-
sage leading from said cylinder space, a movable valve
member blocking flow through said dump passage during
the time fluid is flowing through said first passageway to
charge said spring, means responsive to operation of said
closure-initiating means for effecting dumping movement
of said valve member out of blocking relationship with
said dump passage, said first passageway acting as an
outlet through which fluid flows reversely from ahead of
said valve member during said dumping movement, aux-
iliary valve means disposed in said passageway for pro-
viding a comparatively high impedance to the reverse
flow of fluid through said passageway whereby to retard
said dumping movement, and means for causing said aux-
iliary valve to provide a substantially lesser impedance
to fluid flowing through said passageway in a forward
direction. _

10. In an electric circuit breaker having separable con-
tacts, a trip-free linkage coupled to one of said contacts,
said linkage being inoperable to transmit closing power
to said contact when in a tripped condition and being
operable to transmit’closing power to said contact when
in a reset condition, a chargeable closing spring which is
dischargeable to provide said closing power, a cylinder,
a movable piston mounted within said cylinder and oper-
atively coupled to one end of said spring, means for sup-
plying pressurized fluid to the cylinder space at one side
of said piston for driving said piston in a first direction
to charge said spring, means for subsequently allowing
said spring to discharge at said one end and supply clos-
ing power to said linkage, resetting means tending to reset
said linkage after tripping thereof, and means connected
to said piston for blocking resetting of said linkage until
said piston has been moved through a predetermined
charging stroke, said resetting means acting to reset said
linkage when said predetermined charging stroke has been
completed.

11. In an electric circuit breaker, a chargeable spring
which is dischargeable to close said breaker, a cylinder,
a piston movably mounted within said cylinder and oper-
atively coupled to said spring, reversible pumping means
operable in a forward sense to supply pressurized fluid
to the cylinder space at one side of said piston for driving
said piston-in a first direction to charge said spring, re-
leasable restraining means for holding said piston in a
position to maintain said spring charged, means for sub-

equently releasing said restraining means to allow said
spring to discharge and drive said piston in a direction
opposite to said first direction, means actuated by piston
movement in said opposite direction for closing said cir-
cuit breaker, means for operating said pump in a reverse
sense to remove fluid from said cylinder space, and means
controlled by said reverse operation of the pumping
means for controlling the rate at which piston movement
in said opposite direction is initiated.
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