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10 Claims,

My invention relates to an electric control
system for controlling a single predetermined
operation, such as & circult interrupter closing
operation so as not only to insure completion
thereof but also to prevent recurrent operations
when only a single control operation has been
initiated by the operator.

It is a common expedient in control systems

for circuit interrupters to initiate the closing
operation by closing a manual switch of some
sort., Generally the closing of this switch
initiates the operation of suitable motive means
for moving the circuit interrupter to the closed
position. If this switch remains in the closed
.position after the closing operation has been
“completed and the circuit interrupter imme-
diately opens due to an abnormal condition on
the power circuit which it controls, obviously the
closing circuit of the circuit interrupter is again
completed as soon as it reaches its open position
and the closing operation is repeated. Under
these conditions, a circult interrupter or breaker
.continues to open and close rapidly while the
abnormal condition persists and the manual
switch remains in its circuit-closing position.
This so-called “pumping action” if allowed to
continue may result in serious damage to the
associated apparatus.

Many antipumping arrangements have been
proposed which usually depend upon electro-
magnetic means for rendering the control circuit
Ineffective at the completion of the closing op-
eration as long as the manual initiating switch
remains closed. Cases have been known, how-
ever, where such electromagnetic means have
become defective, such as when the winding
thereof is open circuited or short circuited, so
that pumping- resulted with serious damage io
associated apparatus.

It is an object of my invention, therefore, to
provide a new and improved control system
which will overcome the disadvantage set forth
above, .

It is another object of my :invention to pro-
vide a new and improved arrangement for pre-
venting the repeated opening and closing of a
circuit Interrupter under the conditions men-
tioned above. .

Further objects and advantages of my inven-
tion will become apparent as the following de-
scription proceeds and the features of novelty
which characterize my invention will be pointed
out with particularity in the claims annexed to
and forming a part of this specification,

For a better understanding of my invention,
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reference may be had to the accompanying
drawing in which Fig. 1 is a partly diagram-
matic layout of an electric control system and
apparatus illustrating a specific application of
my invention, Figs. 2 and 3 illustrate a portion
of the apparatus shown in Fig..1 and represent
successive positions assumed by this apparatus
during the operation of the electric control sys-
tem, and "ig. 4 is a graph representing certain
operating . haracteristics of the apparatus and
control system of Fig. 1 to aid in the understand-
ing of my invention. )

As will be understood by those skilled in the
art, any suitable motive means may be utilized

-for moving to a predetermined position, such as

the closed position, the device to be operated,
such as a circuit breaker. Such motive means
may comprise motors of various sorts, such as
pneumatic motors, dynamoelectric machines,
solenoid motors, and the like, all of which may
be controlled electrically. In order to illustrate
my invention, I have chosen in Fig. 1 to illus-
trate this motive means as comprising an elec-
tric motor 10, which rotates an operating cam
il in a counterclockwise direction through suit-
able connections, such as & worm and drive
gear i12'and 18. Operating cam {/ is illustrated
as being connected in any suitable manner to
means to be actuated, such as by longitudinally
guided operating rod {4 having a roller I§ en-
gaging the cam-actuating face. Preferably rod
i4 1s corinected to an electric circuit breaker
through a suitable.trip-free mechanism, not
shown, so that upward movement thereof upon
counterclockwise rotation of operating cam i
causes closing of the circuit breaker, not she~m.

It will be obvious to those skilled in the art

- that operating rod {4 might be actuated directly
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by a solenoid having the desired straight-line
motion or from a pneumatic or fluld-operated
motor connected thereto. In any event, these
various motive means could all be controlled
electrically from a suitable source of electrical
energy. In Fig. 1, I have shown motor {0 as
arranged to be encrgized from an electric supply
circuit 16, the energization of the motor circuit
being controlled by a motor switch 11,

The motor switch 1T is provided with electro-
magnetic actuating means including a solenoid
18, the movable element (9 of which is connected
to the movable contact structure of switch 17
and is likewise provided with & contact 2§ for
bridging seal-in contacts 21 when solenoid 8 is .
energized. Energization of the solenoid 18 from
supply circuit {8 and closing of the motor switch
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17 is attained upon closing of cutoff switch 22
adapted to bridge contacts 23 associated there-
with.

For reasons which will be described herein-
after, cutoff switch 22 is pivotally supported at
24 by a lever mechanism, generally indicated at
25, which comprises member 26 rotatably mount-
ed on fixed support 27 and insulating member 28
which is pivotally connected at an intermediate
point 29 thereof to member 26. Suitable means,
such as tension spring 30, is provided for nor-
mally urging member 26 to rotate in a counter-
clockwise direction about fixed support 21. The
spring force is preferably applied at pivot point
29 of lever mechanism 25 for reasons which will
be brought out hereinafter and cutoff switch
22 is supported by the end of member 28 most
remote from pivot point 29. A shunting switch
o1 adapted to bridge contacts 32 is pivotally sup-
ported at 33 by the other end of insulating mem-
ber 28.

Cutoff switch 22 is normally held in the open
position shown in Fig. 1 by spring means 30
which rotates member 26 and insulating member
28 in a counterclockwise direction around fixed
support 27 until shunting switch 31 bridges con-
tacts 32. Thereafter, spring means 30, by virtue
of being connected at pivot point 29, causes clock-
wise rotation of insulating member 28 about pivot
point 33, until it engages fixed support 21, as
shown in Fig. 1, which limits the clockwise ro-
tation thereof. .

In order to close cutoff switch 22 by bridging
contacts 23, I have provided an electromagnet 34
having a suitable magnetic circuit, only the
armature 35 and a portion of the pole piece 38
being shown in the drawing. The armature is
illustrated as having an enlarged end 35’ for
limiting its movement upon energization of elec-
tromagnet 34 and the space between this enlarged
head 35’ and pole piece 36 will be hereinafter
referred to as the armature gap, the electromag-
netic force exerted on the armature 35 upon
energization of electromagnet 34 being a mini-
mum when the armature gap is a maximum and
a maximum when the armature gap is a mini-
mum. Armature 35 is mechanically connected
by means of link 37 to insulating member 28 at
38, which is intermediate pivot points 24 and 29.
When electromagnet 34 is energized, a force-op-
posing spring means 38 is applied to insulating
member 28, causing it to rotate about pivot 33
until cutoff switch 22 bridges contacts 23. As
may be observed from Fig. 2, such bridging action
of cutoff switch 22 occurs before armature 35 has
moved sufficiently to reduce the armature gap
to a minimum when enlarged end 35’ engages pole
piece 36. If armature 35 were to continue to move
toward pole piece 36 after cutoff switch 22 bridges
contacts 23, then insulating member 28 would
rotate about pivot 24 and cause shunting switch
31 to move away from contacts 32 until insulating
member 28 engages stop 39. This stop 39 would
then act as a pivot for insulating member 28,
and cutoff switch 22 would also be moved away
from contacts 23 so that the lever mechanism 25
would assume the position shown in Fig. 3.

It will be observed from Figs. 1 and 2, however,

that, when electromagnet 34 is energized to ro--

tate insulating member 28 about pivot 33 against
spring means 30 to cause cutoff switch 22 to
bridge contacts 23, it has a considerable mechani-
cal advantage over spring means 30 since the
moment arm through which the force provided
by electromagnet 34 acts is much greater than
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that through which the spring force is applied.
However, as soon as the contacts 23 are bridged
by cutoff swiich 22, the point about which insulat-
ing member 28 rotates shifts from pivot 33 to
pivot 24. The mechanical advantage which sole-
noil 34 had up to this time now changes to a dis-
advantage since spring means 30 acts through the
long moment arm. Electromagnet 34 is designed
when energized to move cutoff switch 22 to the
position shown in Fig. 2 but is not capable of
assuming the position indicated in Fig. 3 where
the armature gap is reduced to zero.

Electromagnet 34 may be energized from supply
circuit 16 through shunting switch 31, associated
contacts 32, and push-button control switch 40,
which may be closed by the operator to initiate
the closing operation. This operation may also
be initiated by automatic reclosing switch 4l
paralleling push-button switch 40, which may be
controlled in a manner well known to those skilled
in the art. A suitable resistor 42 is provided in
parallel with contacts 32 associated with shunting
switch 31 so that, if electromagnet 34 tended to
move armature 3% beyond the position shown in
Fig. 2 to open shunting switch 3!, the insertion
of this impedance in the energization circuit of
electromagnet 34 would reduce the pull on arma-
ture 35, causing it to snap back to the position
shown in Pig. 2. Purthermore, the provision of
resistor 42 maintains electromagnet 34 in an
energized condition even after shunting switch
31 no longer bridges contacts 32.

For the purpose of deenergizing motor 10 in
accordance with a predetermined operation
thereof, I have provided a cam 43 mounted on
longitudinally guided operating rod 14 which en-
gages with a horizontally movable member 44
when operating rod 14 reaches a predetermined
position so as to force the latter against a projec-
tion 45 on member 26, thereby causing clockwise
rotation thereof against spring means 30. ' This
action forces the enlarged end 35’ of armature
35 against pole piece 36, reducing the armature
gap to zero and, as was mentioned heretofore,
causing shunting switch 8{ and flnally cutoff
switch 22-to move away from their associated
contacts 32 and 23, respectively. As is well known
by those skilled in the art, the force exerted
by electromagnet 34 on armature 35 greatly in-
creases as the armature gap decreases and, conse-
quently, when the armature 35 attains a position
shown in Fig. 3, electromagnet 34 exerts a greater
force thereon than does opposing spring means
30 through lever mechanism 25 so as to hold
armature 35 in this position of zero armature gap
even though electromagnet 34 could not exert
a sufficient force on armature 35 to move it from
the position shown in Fig. 2 to the position shown
in Fig. 3.

The operation of my invention will be briefly
described with particular reference to Fig. 4
wherein the curve A represents a typical pull
curve for an electromagnet, such as 34, wherein
the force exerted on armature 35 increases non-
linearly as the armature gap is reduced to zero.
The curve B, on the other hand, represents the
opposing force exerted by spring means 30 on
armature 35 through lever mechanism 25 and
link 37 for various armature gaps. The portion
ao of curve B represents the force exerted by
spring means 30 on armature 35 for armature
gaps between the maximum gap shown in Fig. 1
and the intermediate gap shown in Fig. 2. It will
be observed that the portion ab of curve B falls
below the corresponding portion of curve A and,
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consequently, the force exerted by electromagnet
34 would predominate over that of spring means
30, As was mentioned above, when the position
shown in Fig. 2 is attained by leved mechanism
28, the pivot about which member 28 rotates shifts
from pivot point 33 to pivot point 24 and the
mechanical advantage which electromagnet 34
had up to this time changes to a mechanical dis-
advantage with reference to the forces acting on
armature 36. The portion be of curve B repre-
sents the force exerted by spring means 30 on
armature 35 for armature gaps equal to and
less than that shown in Fig. 2. It will be ob-
served that the opposing spring force Is now
predominant until the armature gap is almost
reduced to zero and, consequently, electro-
magnet 34 is unable to reduce the armature
gdp below that shown in Fig. 2. When,
however, the armature gap is reduced to zero as
in Fig. 3, the force exerted on armature 3% by
electromagnet 34 again predominates over spring
means 36 so that, if armature 34 were moved to
the position shown in Fig. 3 by cam 43 and mem-
ber 44, 1t would be beld in this position as long as
electromagnet 34 is energized. In fact, electro-
magnet 88 is so designed that, even with the in-
sertion of resistor §f into its energizing circuit to
reduce the effective ampere turns thereof, the
force exerted on armature 38 by electromagnet 34
is still predominant over the force exerted by
spring means 38 in the position shown in Fig. 3.
Assuming the apparatue in the position shown
in Pig. 1, closing operation of the circuit breaker,
- not shown, may be initiated manually by depress-

ing closing push button 48 or automatically when

reclosing switch 41 is closed. Since shunting
switeh 8{ bridzes contacts 32, electromagnet 34 is
energized from electric supply circuit 16 and lever
mechanism 25 is moved from the position shown
in Fig. 1 to the position shown in Fig, 2, thereby
causing cutoff switch 22 to bridge contacts 23 and
* complete the energization circuit for electromag-
netic actuating meens 1&. This action resulis in
the closing of motor switch {7 and the bridging
of seal-in contacts 2{ by member 20, Motor 10 ig
thereby energized and causes cam Ii to rotate in
the counterclockwise direction, moving rod 14 up-
wardly. As soon as cam 43 moves member 48
against projection 45 of member 2€, the lever
mechanism 28 would be moved about fixeg sup-
port 27 until the position illustrated in Fig. 3 is
assumed by the apparatus, whereuvon electro-
magnet 34 exerts sufficient force to hold the en-
larged end 38 of armature 35 against pole piece
36 even though the effective ampere turns have
been considerably reduced by the insertion of re~
sistor 42 into the energivaﬁon civcuit of electro-
magnet 36,

It will be observed fr@m the above discussion
that, as soon as the closing operation of the cir-
cuit breaker has been completed, cut-off switch
22 no longer bridges the contacts 23 and electro-
magnetic actuating mesns 18 and, consequently,
motor {8 are deenergized. Purthermore, as long
as the operator holds push button 40 in the closed
position, electromagnet 34 will hold the cutoff
switch 22 and shunting switch 3! in the open
positions shown in Plg. 3 with the result that
motor I8 cannot again be energized after a single
closing operation until the operator releases the
push button 48 and subsegently closes it again.
Upon opening push button 48, electromagnet 34
is deenergized and the lever mechanism 25 as-
sumes the position shown in Fig. 1 with the cutoff
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ing operation may be initiated. It will be ob-
served that, if solenoid 34 became defective while
the operator held push button 40 in the depressed
position, lever mechanism 28 would assume the
position shown in Fig. I, rendering the closing
circuit ineffective so that there would be no danger
of pumping of the apparatus when the circuit
breaker is closed on an abnormal current condi-
tion existing on the circult which it controls.
Thus, the disadvantage of the prior-art arrange-
ments 1s completely eliminated,

It should be understood that my invention is
not limited to the specific details of construction
and arrangement here f{llustrated and that
changes and modifications may occur to one
skilled in the art without departing from my in-
vention and I, therefore, aim in the appended
claims to cover all such changes and modifications
as fall within the true spirit and scope of my in-
vention. ;

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

1. In a eircuit interrupter controlling system
comprising motive means for moving said circuit
interrupter to the closed position, an electric con-

rol elreult for effecting the operation of said mo-
tive means, means including s cutoff switch sup-
ported by & lever mechanism for rendering said
electric control circult effective or ineffective, a
solenoid having an armature for operating said
cutoff switch, sald lever mechanism being so con-
structed angd arranged that closure of said cutoff
switch occurs after & predetermined movement
of said armature upon energization of said sole-
noid and cpening of said cut off switeh cccurs up-
on & further movement of said armature, means
including an operator’s switch for energizing said
solenold to close salg cutoff switch, and means
responsive to & predetermined operation of said
motive means for further moving said armature
to open sald cutoff switch and deenergize said
motive means.

2. In a circuit interrupter controlling system
comprising motive means for moving said cir-
cult interrupter to the closed position, an elec-
tric control circuit for effecting the operation
of sald motive means, a switch Including elec-
tromagnetic actuating means for rendering said
electric control circuit effective or ineffective,
means including a cutoff switch supported by a

- lever mechanism for controlling the operation of
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switch 22 in the open position, so that a new clos- 76

seid actuating means, means normally urging
sald cutoff switch to the open position, and
means including » movable member for moving
said cutoff switch io the closed position, said
last-mentioned means being so constructed and
arranged with respect to said lever mechanisim
that further movement of said movable mem-
ber causes opening of said cutoff switeh.

3. In & civcuit interrupter controlling system
comprising motive means for moving said circuit
interrupter to the closed position, an electric con-
trol circuit for effecting the operation of said
motive means, & switch including electromag-
netic actuating means for rendering said electric
eontrol circuit effective or ineffective, means in-
cluding & cutoff switch supported by & lever
mechanism for controlling the operation of said
actuating means, means normally urging said
cutoff switch to the open position, electromag-
netic means including an armature for operating
sald cutoff switch to the closed position against
the force of sald last-mentioned means upon a
predetermined movement of saild armature, ad-
ditional means for producing further movement
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of said armature to open said cutoff switch, means
including an operator’s switch for energlzing said
last-mentioned electromagnetic means to close
said cutoff switch, said last-mentioned electro-
magnetic means being arranged to hold said
cutoff switch in the open position during a con-
tinued closure of sald operator’s switch after
said additional means has caused opening thereof.

4. In a circuit interrupter controlling system
comprising motive means for moving said circuit
interrupter to the closed position, an electric
centrol circuit for effecting the operation of said
motive means, a switch including electromag-
netic actuating means for rendering said electric
control circuit effective or ineffective, means in-
cluding a cutoff switch supported by a lever
mechanism for controlling the operation of sald
actuating means, means normally urging said
cutoff switch to the open position, electromagnetic
means including an armature for operating said
cutoff switch to the closed position against the
force of sald last-mentioned means upon a pre-
determined movement of said armature, means
responsive to a predetermined clcsing movement
of said circuit interrupter for producing fur-
ther movement of said armature to open said
cutoff switch, means including an operator’s
switch for energizing said last-mentioned elec-
tromagnetic means to close said cutoff switch,
said last-mentioned electromagnetic means being
arranged to hold said cutoff switch in the open
position during a continued closure of said oper-
ator’s switch after said means responsive to a
predetermined closing movement of said circuit
interrupter has caused opening thereof.

5. In a circuit interrupter controlling system
comprising cam-operated means for moving said
circuit interrupter to the closed position, an
clectric motor for actuating said cam, an electric
control circuit for effecting the operation of said
electric motor, a switch including electromagnetic
actuating means for rendering said electric con-
trol circuit effective or ineffective, means includ-
ing a cutoff switch supported by a lever mecha-
nism for controlling the operation of said ac-
tuating means, means normally urging said cut-
off switch to the open position, and means includ-
ing a movable member for moving said cutoft
switch to the closed position, said last-mentioned
means being so constructed and arranged with
respect to said lever mechanism that further
movement of said movable member causes open-
ing of said cutoff switch. .

6. In a circuit interrupter controlling system
comprising motive means for moving said circuit
interrupter to the closed position, an electric
control circuit for effecting the operation of said
motive means, a switch including electromag-
netic actuating means for rendering said elec-
tric control circuit effective or ineffective, means
including a cutoff switch supported by a lever
mechanism for controlling the operation of said
actuating means, means normally urging said
cutoff switch to the open position, electromag-
netic means including an armature for operating
said cutoff switch to the closed position against
the force of said last-mentioned means upon a
predetermined movement of said armature, ad-
ditional means for producing further movement
of said armature to open said cutoff switch,
means including an operator’s switch for ener-
gizing said last-mentioned -electromagnetic
means to close said cutoff switch, a seal-in switch
for said operator’s switch, said last-mentioned
clectromagnetic means being arranged to hold
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said cutoff switch in the open position during
a continued closure of sald operator’s switch
after said additional means has caused cpening
thereof.

7. In a circuit interrupter controlling system
comprising motive means for moving said cir-
cult interrupter to the closed position, an elec-
tric control circuit for effecting the operation of
said motive means, a switch including actuat-
ing means for rendering sald electric control
circuit effective or ineffective, means including s
cutof switch supported by a lever mechanism
for controlling the operation of said actuating
means, means normally urging sald cutoff switch
to the cpen position, sald lever mechanism being
so constructed and arranged that closure of said
cutoff switch occurs after a predetermined move-
ment of sald lever mechanism against the force
of said last-mentioned means and opening of
sald cutoff switch occurs upon a further move-
ment of said lever mechanism against the force
of said last-mentioned means, electromagnetic
means capable of producing sufficient movement
of sald lever mechanism to close sald cutoff
switch against the force exerted by said last-
mentioned means but incapable of producing the
necessary further movement of said lever mech-
anism to open said cutoff switch, means includ-
ing an cperator’s switch for energizing said elec-
tromagnetic means to close said cutoff switch,
and means responsive to a predetermined opera-
tion of sald motive means for further moving
sald lever mechanism to open said cutoff switch
and deenergize said actuating means.

8. In a circuit interrupter controlling system
comprising motive means for moving said circuit
interrupter to the closed position, an electric con-
trol circuit for effecting the operation of said
motive means, a switch including actuating
means for rendering sald electric control circuit
effective or ineffective, means including a cut-
off switch supported by a lever mechanism for
controlling the operation of said actuating
means, spring means associated with satd lever
mechanism for urging said cutoff switch to the
open position, electromagnetic means includ-
ing an armature connected to said lever mech-
anism for closing said cutoff switch, said lever
mechanism being so constructed and arranged
that the force applied thereto by said armature
predominates over the force applied by said
spring r:eans while said cutoff switch moves from
the open to the closed position after which the
spring means predominates to prevent further
movement of said lever mechanism by said ar-
mature, said lever mechanism being further con-
structed and arranged that further movement
of said armature by means supplementing said
electromagetic means causes subsequent opening
of said cutoff switch and allows said electromag-
netic means to produce a force predominating
over said force produced by said spring means
to hold said cutoff switch in the open position
until deenergization of said electromagnetic
means, means including an operator’s switch for
energizing sald electromagnetic means to close
said cutoff switch, and means responsive to a
predetermined operation of said motive means
for supplying a supplementary force to produce
further movement of said lever mechanism to
open said cutoff switch and deenergize said ac-
tuating means.

9. In a circuit interrupter controlling system
comprising motive means for moving said circuit
interrupter to the closed position, an electric
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control circult for effecting the operation of sald
motive means, means including a first switch for
rendering sald electric control circult effective to
initiate operation of said motive means to move
sald circuit interrupter to the closed position,
electromagnetic means having an armature for
operating said first switch, means including an
operator’s switch for energizing said electromag-
netic means to operate said first switch and ini-
tiate closing of sald circuit interrupter, and
means operated directly by a predetermined op-
eration of sald motive means for causing deen-
ergization of sald control circuit, said electro-
magnetic means being so constructed and ar-
ranged to maintain said control circuit in the de-
‘energized condition as long as sald operator’s
switch is closed, regardless of the position of
sald circult interrupter. ‘

10. In a circuit interrupter controlling system
comprising motive means for moving sald cir-
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cult interrupter to the closed position, an elec-
tric control eircuit for effecting the operation of
sald motive means, electromagnetic means for
causing energization and deenergization of said
control circuit to render said motive means effec-
tive and inefectlve to close said circuit inter-
rupter, means including an operator’s switch for
controlling the energization of said electromag-
netic means to initiate the closing operation of
sald circuit interrupter, means operated by a
predetermined closing movement of said circuit
interrupter for deenergizing said control circuit,
and means responsive to the continued energiza- .
tion of said electromagnetic means for main-
taining said control circuit in & deenergized con-
dition a3 long as sald operator’s switch remains
closed regardless of the position of said circuit
interrupter.

CARL THUMIM.



