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15 Claims,

This invention relates to circult:breakers and
particularly to single-pole reclosing circult break-
€rs capable of a fast initia] opening.. -

This application is a division of my copending
application Serial No. 333,875, flled May 7, 1940,
“Apparatus for Protecting Power Lines,” that
matured into Patent No. 3,352,556 on June 27,
1944; which patent was re-issued” under No.
22,872 on April 29, 1947. - As stated therein, serious
damage or complete burn off occurs in the case of

even transient faults as commercially available

switchgear cannot open the line in less than
‘about Y5 second. The best performance claimed
for any prior experimental circuit breaker has
been an opening of a 60 cycle circutt in 5 cycles
after fault initiation, and it iIs_apparent that
faster operation is essential if burn off is to be
prevented. The present invention contemplates
4 reclosing circuit breaker having an initial open-
ing time substantially lower than that attained,
or contemplated by, the prior workers in this
fleld. Claims to certain details of switch con-
struction are presented in my divisional applica-
tion Serial No. 22,620, filed April 22, 1948,

An object of this invention is to provide a
clrcuit breaker of stable oberating characteris-
tics that has an initial obening time substantially
less than that of prior circuit breakers, An object
is to provide a single-pole circuit breaker of light
welght that is entirely self-contained and includes
timing mechanism for effecting a plurality of
-timed reclosures before g final lockout in the
case of a permanent fault, Another object is to
provide a quick-acting circuit breaker that may
be subjected to overloads approximating its trip-
ping values for long periods without damage
from overheating or change in operating char-
acteristics. More Specifically, an object is to pro-
vide g circuit breaker including an operating coil
or winding in series with the line for opening the
circuit breaker,
shunted across the operating winding, and a con-
trolcoil traversed by the line current, or a pre-
Selected fraction of the line current, whereby the
line current is normally shunted around the
operating winding and flows through the operat-
ing winding only upon the opening of the control
switch. .

These and other objects and advantages of the
from the following

Fig. 1is a centra] section through a single-pole,
oil insulated circuit breaker embodying the in-
vention; ) ‘
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Pig. 2 is a schematic diagram of the same; and

Fig. 3 is an enlarged fragmentary view of the
circuit breaker contacts.

The circuit breakers contemplated by this in-
vention, as employed for the protection of the
conventional three-phase electrical distribution
systems, are light weight, fully automaitic, single-
pole circuit breakers that each includes its own
mechanical timing equipment and requires no
auxiliary circuits or devices for full automatic
operation. As shown in Figs. 1 and 2, the circuit
breaker includes g control coil 80 and operating
coil 8f in series between terminals 82, 83, the
operating cofl 81 being normally shunted by the
switch 84 that is opened by the control eoil 80
against a spring 84°. This switch and the main
breaker switch are of the reciprocating rod type,
as described and claimed in my prior Patent No.
2,167,665, granted August 1, 1939, “Circuit
Breaker,” in which an arc-extinguishing cham-
ber of annular cross-section is formed by horn
fiber or other organic material.

The core or plunger 85 of coil 81 is secured to g
metal rod 86 which carries the movable contact
87 of the circuit breaker and terminates in a rod
88 of horn fiber or the like. 'The stationary
breaker contacts include a main contact 89 that
is normally engaged by the rod 86 or its movable
contact 81, and an arcing contact 90 above and
spaced from the main contacts. The arcing con-
tact 90 is connected to the main contact 8%
through a spiral coil 81 coaxial with the rod 86
and the contacts. The function of coil 91 is to
rotate the arc that is drawn between the mov-
ing contact 87 and the arcing contact 90 when
the breaker opens, and the coil is wound in the
Sense opposite that of the operating coil 81/, The
shunt or control switch 84 is of simpler design as
the arc drawn across its contacts can be ex-
tinguished without the ald of an arc-spinning
coil. ’

Timing mechanism 92 is provided to delay the
second and subsequent openings of the breaker,
but the first opening takes place with no delay.
The timing mechanism is indicated generally by
the block diagram overlying the junction of the
operating lever: 93 of switch 84 and the link 94
armature 95 of the
type of mechanism
employed to delay the opening of the

control coil 80. Any desired
may be

.shunt switch 84 for Intervals of 60 cycles or

upward when the fault is still on the line at the
fAirst or subsequent closures of the breaker. The
detailed construction is not illustrated since it
forms no part of the present invention.




The breaker is housed within a chamber com-
prising a hollow insulator 96 and-end: closures
91, 98 of metal that carry the terminals:82,
respectively. The insulator is provided: rmet
sleeves 99 to which the closures are boltec ‘and 1
recessed to receive a mounting ‘bracket 100 A
_ plate 181 extends across the upper end of the in

sulator 96 and constitutes the support for the con-'-
grol switch and the breaker assembly, and. the.
control mechanism is located in the domed clo-
sure 97 above the plate 10f. The insulator 96 -
is preferably filled with oil to approximately.the -
lower face of the plate 101 which -supports. all
of the switch and control mechanism. - -~ i
The framework of the breaker assembly in--
cludes a series of rods 102, a metal plate 103 on
which the coil 81 rests, and 8 plurality of horn
fiber plates or disks 104. Insulating rods {05 are
threaded upon rods 102 to secure the plate 103.
against spacing sleeves 105’ on rods 102,.and g9
rods (02’ are threaded upon the rods 105.to carry.. ..
the disks 104. A dashpot for arresting the open-.
ing movement of the breaker is formed by the .
enlarged lower end 85" of the core 85-and a cyl-
inder 106 that is mounted between the plate.103. 95
and the upper disk 108, The top portion. of =
the cylinder flares inwardly above vent .open-
ings that permit a free escape of oil from within: "~
the cylinder during the major part of the open-
ing movement of the rod 86. o :
The two intermediate plates 104 are separated
slightly and are recessed to receive small horn
fiber disks (04’ that form the outer wall of the -
" arc-suppressing chamber. The small plates may -
be replaced when the diameter of the chamber 35
_has been appreciably incréased by the erosion of
the horn fiber. . The arc-spinning coil 91 is
mounted between the two lower disks 104, and con-
nected between arcing contact 90 that is recessed
into the lower face of the upper disk of this pair
and a flanged brass tube (08 that is bolted to the . =
bottom disk 104 to support the main contact as-
sembly. The main contact 88 includes a plural-
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ity of arcuate segments secured to the upper “

ends of the several sections of & longitudinally
slotted tube {09 of resilient metal. The flanged
lower end |10 of the tube 109 is electrically con-
nected to a disk (il by a jumper [12, and the
disk 11 is pressed against a boss on the lower
closure 98 by springs 113 coiled about: guide rods
that extend through the flange:410. : i
The breaker opens against: a spring {4, and.
displaces a ratchet bar 115 into engagement with-
the wheel 116 of an escapement mechanism. Th
spring (14 tends to reclose the breaker as soon:
as the circuit opens but the downward: motion.
of the switch rod 86 is delayed.by the escape:
ment mechanism. The escapement may. be of
known types, including means for locking the -
breaker in open position after & predetermined
number of reclosures if the fault is:still on the.
line and means for resetting from any point in
the schedule of reclosures when the breaker closes
on a sound line. The time-delay may be:of the
customary order of from 30 to 60 cycles, but the
specific design of the escapement: mechanism is
not an essential feature of this invention. =~ °
The method of operation of the circuit breaker
will be apparent from the foregoing description,
In the case of a single phase line, a circuit break-
er is connected in series with one side of ‘the
line at the terminals 82, 83.  An ungrounded
three-phase circuit can be protected by locating
circuit breakers in two of the line conductors.
The tripping value of the circuit breaker may 75

50

‘81-when the
- ating, winding 81 may therefore be designed to’
“develop &a:heavy’ force for displacing the mov-
i able.contact 81 at-high speed.... -~ . ~

;80 UL .
" lines energized at 25 cycles per second or at other
- frequencies, . : L

djusted as-desired but will usually be set up
“the-rated current capacity
The- tripping current is deter- .
sign ‘of theé coil 80 “and the ad-
gclosing spring.84’ of the shunt- -
? 1e line- current -does not flow
he'operating winding under. normal op-
niditions; .and a heavy and sudden cur-
ows’ through:the ‘operating winding
hunting switch 84 opens. The oper-

~The invention is distinguished from prior cir-
-cuit.breakers of the.series operating winding type
. in that the load current is normally by-passed

ting winding. - The prior circuit
.open’'to-the objections of seri-
e and coil' damage due to the con-
tinuous ‘fow :through: the: operating winding of
load . current- approximating but somewhat less

“ than’ the tripping-value. - This overheating un-

der ‘overloads: short- of - tripping value is elimi-

. nated by the present invention as the control coil
80 need deve

nly.a“relatively small force to
:switch: 84.. It is therefore pos-
1y practical, to design the coil
sufficient ‘force for an exceedingly

open the shunti

sible, and"ent:
81 to develop-

“high speed-opening of the breaker as the wind- -

ing 81 is subjected only to.a momentary current
surge of high magnitude,  The reciprocating rod
and arc-extinguishing: chamber construction also
contribute. to. high speed’operations as a 1 to 2
inch movement-of the-rod, :which movement is
sufficient; to separate the breaker contacts and.

-suppress the-arc;.is. obtained in"about 2 to 3 cycles

with operating coils 81 of practical ‘design.
The initial opening-of the breaker takes place

. within an interval that depends-upon the magni-

40. L ,
.by-curve B of Fig.*1 of my prior application, but

tude of the-fault current, as shown graphically

the subsequent openings-are delayed by the tim-

.ing mechanism 82 to supply current to a persist- -
-ent fault for periods of about 30 cycles and up-
‘ward, thereby to -blow sectionalizing fuses or to

burn. the conductors.down:if there are no sec-

* tionalizing fuses, in the case of a persistent fault,

or to lock-out the breaker in the open position
if the persistent fault cannot be otherwise cleared
from, the system. Time -values are stated in
cyclés on a 60 cycles ‘per.second basis since it is
the usual practice in-this art to measure the oper-

. ating times of protective switchgear with oseillo- -
. graphs that generate a “timing wave” of the fre-
_quency . .of " the electrical distribution system..
-"The novel apparatus hasbeen tested and used

on lines supplied with alternating current of a

" frequency of '60.cycles per _second but the pro-
- tective methods and apparatus may be used on

direct ‘current ‘lines or on alternating current

The quick ac 'iﬁ"g:(':ircuit'breakers are particu-
larly useful in protective systems, as described
in my prior application, which include line short-

- ing contactors for. a substantially instantaneous
‘suppression of fault currents, but may be used to

advantage in ‘any protective system where high

"“operating speed is desirable. ‘The high opening

speeds 'of the new circuit breakers. are attained
by making the operating coil 81 a series element
in the line to be protected, whereby a sudden-
and ‘heavy current surge traverses the coil 81
upon the opening of the control switch 84 .which

normally, by-passes the line gurrent around the
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operating coil 8{. 'The term “operating coil” is
employed in the following claims to identify the
element which functions, upon energization as
Just stated, to operate the circuit breaker to
open-circuit condition against the closing force
developed by the spring 114. The heavy power
surge for effecting a quick opening of the circuit
breaker is developed by an operating coil in
serles with the line but there is no overheating
of the breaker assembly when the line current
is maintained for long periods at approximately
- the preselected breaker-opening value, since the
line current is by-passed around the operating
coil 8/ until the line current reaches that value
at which the control coil 8¢ opens the by-pass
switch 84.
It is to be understood that the invention is
not restricted to the particular embodiment
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herein illustrated and described, and that various )

changes that may occur to those familiar with
the design and construction of circuit breakers
fall within the spirit of my invention as set forth
in the following claims.

I claim:

1. A circuit breaker comprising a pair of ter-
minals for connecting the circuit breaker in
serles in the line to be protected, a pair of
separable contacts, spring means normally re-
taining said contacts in engagement, electro-
magnetic means including an operating coll for
opening said contacts, said operating coil and
contacts being conductively connected in series
between said terminals, a shorting circuit con-
nected across said operating coil, and means re-
sponsive to overload current on said line for
opening said shorting circuit, thereby to pass the
overload line current through said operating coil
to develop a power surge for orening said con-
tacts.

2. A circuit breaker comprising a pair of ter-
minals for connecting the .circuit breaker in
series in the line to be protected, a pair of
separable contacts, spring means normally re-
taining said contacts in engagement, electro-
magnetic means including an operating coil for
opening said contacts, said operating coil and
contacts being conductively connected in series
between said terminals, a normally closed con-
trol switch shunted across said operating coil,
and means responsive to a predetermined over-
load condition for opening said control switch,
thereby to pass the line current through said
operating coil to develop a force to open said
contacts.

3. A circuit breaker comprising a pair of ter-
minals for connecting the circuit - breaker in
series in the line to be protected, a pair of
separable contacts, spring means normally re-
taining said contacts in engagement, electro-
magnetic means including an operating coll for
opening said contacts, said operating coil and
contacts being conductively connected in series
between said terminals, a normalily closed con-
trol switch shunted across said operating coil,
and a control coil responsive to a predetermined
overload condition for opening said control
switch to pass the line current through said
operating coil, thereby to develop a power surge
to open said contacts. '

4. A circuit breaker comprising a pair of ter-
minals for connecting the circuit breaker in
series in the line tg be protected, a pair of nor-
mally closed contacts, spring means yieldingly
holding said contacts in engagement, electro-
magnetic means including an operating coil for
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opening sald contacts, said operating coil and
contacts being connected in' series between said
terminals, a normally closed control switch
shunted across said operating coil, and a control
coil for opening said control switch, said control
coll being connected between said terminals in
series with said operating coil and normally
closed contacts, -

5. A circuit breaker comprising a rod carry-
ing a contact cooperating with a stationary con-
tact, a core of magnetic material fixed to said
rod, spring means yieldingly retaining said rod
in contact-closed position, an operating coil for
displacing said core and rod axially to open said
contacts, a normally closed control switch
shunted across the operating coil, and a control
coil conductively connected in series with said
operating coil for opening said control switch.

6. In a circuit breaker, insulating material de-
fining a cylindrical arc-extinguishing chamber,
cooperating contact means comprising a station-
ary contact and contact means including a cylin-
drical contact member axially movable in said
chamber, a rod of insulating material secured
to said cylindrical contact member and movable
thereby into the arc-extinguishing chamber upon
an opening movement of the cylindrical contact
member, a core of magnetic material secured to
said contact member, an operating coil for moving
said core and member axially to open said contact
means, a pair of terminals for connection to aline,
circuit elements connecting said coil and contact
means in series between said terminals, a nor-
mally closed shorting ecircuit across said operat-
ing coil, and means responsive to & Dpredeter-
mined overload condition for opening said short-
ing circuit, thereby to pass the line current
through said operating coil to open said contact
means.

7. In a circuit breaker, the invention as set
forth in claim 6, wherein said shorting cireuit in-
cludes a normally closed control switch, and said
means for opening. said shorting circuit com-
prises a control coil for opening said control

5 switch, :

8. In a circuit breaker,
forth in claim 6, wherein said shorting eircuit
includes a normally closed control switch, and
sald means for opening. said shorting circuit -
comprises & control coil in series with said oper-
ating colil for opening said control switch.

9. In a circuit interrupter, the combination
with a fluid container having an open end, a
line terminal at the obposite closed end of the
fluid container including a contact at the in-
terfor of the container and line connecting means
at the exterior of the fluid container, a metal
mounting member extending across the open end
of said fluid container, and a second line ter-
minal on said mounting member, of an inter-
rupting assembly supported on and removable
as a unit from saild fluid container with said
mounting member; said assembly comprising
separable contacts, a core of magnetic material
carrying one of said contacts, an operating coil
surrounding said core, a normally closed control
switch across said operating coil, a contro] coil
conductively in series with said contacts for
opening said control switch under predetermined
overload conditions, thereby to pass the line cur-
rent through said operating coil to energize the
same to separate said contacts, means for re-
closing said contacts, means connecting said
operating coil electrically in series between said
mounting member and one of said separable

the invention as set
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contacts, and conducting means for eleétrically
connecting the other separable contact with said
contact of the first line terminal when said

respdnslve means including an operating coil

- conductively connected in series with said sepa-

mounting member is in operative position with - '

respect to said fluid-container.

10. In a circuit interrupter, a unitary assem-
bly for mounting upon the open top of a hollow
insulator having a line terminal at the lower end
thereof, sald assembly comprising a mounting
member to extend across and be secured over the
open end of the hollow insulator, a line terminal
on said mounting member, a pair of separable
contacts, electro-responsive means for separating
said separable contacts, means for reclosing said
contacts, and resilient means for automatically
connecting one of said separable contacts with

the line terminal at the lower end of the hollow

insulator when said mounting member is in oper-
ative position with respect to said hollow insula-
tor; said electro-responsive means including an
operating coil conductively connected between

said line terminals, a control switch normally
.closed across said operating coil, and - means re-
sponsive to a predetermined overload condition
to open said control switch.

11. In a circuit interrupter, the invention as
recited in claim 10 wherein said means responsive
to a predetermined overload condition comprises
a control coil conductively connected in series
with said separable contacts.

12. In a circuit interrupter, a fluid container
having an open end, a terminal cap for said

end, a line terminal at the opposite end of said
container having a portion extending through the

container wall to the interfor thereof, an inter-
rupting assembly mounted on said cap including
separable contacts, electro-responsive contact
separating means and reclosing means for the
contacts, so that all of said elements are remov-
able from sald container as a unit with said cap,
said contacts and electro-responsive means con-
nected in series between said cap and a project-
ing assembly terminal positioned to be adjacent
said line terminal when said cap is secured in
operative position with respect to said container,
and conducting means engaging a portion of said

assembly terminal and resiliently stressed against .

said line terminal in ‘said operative position of
the parts relative to the container; said electro-
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rable contacts, a control switch normally shunted
across said operating coil, and means responsive

' to- a predetermined overload condition to open

said control switch,

13. In ‘a reclosing circuit breaker, a pair of
line terminals for connecting the circuit breaker
in series in the line to be protected, a pair of nor-
mally closed contacts, spring means yieldingly
holding said contacts in engagement, electro-
magnetic means including an operating coil for
opening said contacts, said operating coil and
contacts being conductively connected in series
between said terminals, a control switch shunted
across said operating coil, spring means normally
retaining said control switch in closed condition,
thereby short-circuiting said operating coil,
means responsive to a predetermined overload
condition for opening said control switch, and
time-delay means to prevent immediate reclosure
of said control switch by said spring means.

~14.-In a reclosing circuit breaker, the inven-
tion as recited in claim 13, wherein said means
for ‘opening said control switch comprises a con-
trol coil in series with said contacts.

15. In a reclosing -circuit breaker, the lnven-
tion as recited in claim 13, in combination with
time~delay means to retard the reclosure of said
contacts by said spring means upon opening
thelreof through energization of said operating
coi

GEORGE A. MATTHEWS.

REFERENCES CITED

" The following references are of record in the
file of this patent:

UNITED STATES PATENTS

Name
Hilliard

Date
Sept. 19, 1905
Sept. 21,1915
Dec. 12, 1922
May 21, 1929
Jan. 15, 1935
Dec. 21, 1937
May 24, 1938
Nov. 2, 1943 .

799,790 -
1,154,359
1,438,789
1,714,071
1,987,731
2,103,121
2,118,355
2,333,604

De Loache —____.___
Slepian. __ . ...
Matthews
- Wallace



