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1 3 Claims.

This application is a division of our -copending
application Serial No. 399,452, filed June 24, 1941,
on Cireuit Interrupters and assigned to the same
assignee gg this invention.

This invention relates in general to-electiic
circuit interrupters and more particularly o
automatic reclosing cireuit breakers.

Circuit breakers of this type generally include
separable contacts, electroresponsive meéans for
causing separation of the contacts, means for
automatically -closing the contacts aflter a ecir-
cuit-opening operation, and a mseans for auto-
matically maintaining the . contacts separated in
response to a predetermined number .of closely
suceessive circuit-opening operations. Circuit-
breakers of this type are thus adapted to -open
the cireuit on overleads -and if the overload
is. not cleared during the time rvequired for
the aforesaid predefermined number of oper-
ations, the circuit is maintained open. Xow-
ever, it -has been found that these breakers often
operate on surge currents and veltages which,
though usually of high values, are of such ex-
tremely short duration as to be rendered harm-
less by lightning arresters connected in the cir-
cuit. Such operations of these breakers are un-
degirable because they lead to unnecessary.oper-
abion of the breakers to the point where the con-
tacts are maintained open to neediessly inter-
rupt service on the circuit.

Cne object of this invention, therefore, is to
provide & novel automatic reclosing-circuit break-
er which will not operate on surges, such -as thoss
eaused by lightning.

Ancther object of this invention is to provide
for circuit breakers of the type-deseriked-having
a scienoid coil for causing opening of the breaker
contaets, novel means for causing surges to -by-
pass the solenocid coil.

A more specific object of this invention is 40
provide for an-automatic reclosing circuit break-
er of the fype described, novel means -for pre-
venting a circuit-opening coperation on surges
comprising a gap in shunt ecircuit relation with
the electroresponsive contact-opening means,
which gap is arranged to break down in response
to surges to conduct the surge current around
the contact-opening means.

These and other objects of this invention will
become more apparent upon consideration of the
following dstailed description of a preferred em-
bodiment thereof, when taken in connection with
the attached drawing, in which:

~Figure 1 is a substantially central vertical sec~
tion through -a circuit breaker embodying +thiis
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invention with certain parts thereof shown in
elevation;

Fig. 2 is a partial elevational view of the
operating mechanism shown in Fig. 1;

Fig. 3 is a transverse sectional view of the
breaker shown in Fig. 1 taken substantislly on
the line IIT—III thereof with certain parts omit-
ted.

Fig. 4 is a fragmentary sectional view of the
lockout integrating mechanism employed in the
breaker shown in Fig. 1;

PFig. & is g view like Fig. 4 but showing the
prarts of the mechanism in a different position
from that shown in Fig. 4; and

Fig. 6 is also a partial sectional view illustrat-.
ing the mechanism of Figs. 4 and 5 in a stil} dif~
ferent position of the parts thereof.

This invention is illustrated as being embodied-
in a circuit breaker mounted in a tubular in-
sulating casing 2 which may be of any desired
insulating material, preferably porcelain or the
like, The casing 2 is provided with a closed bot-
tom and an open top, with the top being closed
by a cover assembly -4, and the bottom of the
casing having associated therewith a terminal
assembly 6. Intermediate the ends of the cas-
ing 2 there is provided a cylindrical surface 8,
and g supporting bracket 2 is adapted to he
clamped around this cylindrical surface with re-
silient material 18 interposed between the clamp
{2 and the outer casing wall to prevent-damage.
thereto. )

The terminal assembly 6 at the bottom of -the
casing includes a terminal bolt 14 of conducting
material adapted to extend through a substan-
tially central aperture in the bottom casing wall,
and the bolt is provided with an enlarged head’
8 interiorly of the casing, with packing mate-
rial 26 interposed between the head 18 and the
bottom wall of the casing. . A nut 22 and washer
24 ‘coopérate with bolt i4 to retain the ssme
in position, and a conductor 28 may be secured
to the bolf, for example, as by a second nut 25.
Bolt {4 is preferably provided with a substan-
tially central bore 38 for the purpose of drain-
ing easing 2, the lower end thereof being adapted:
to be closed by a screw-threaded closure plug-32.

The upper end of casing 2 is ribbed, and a
supporting flanged ring 34 is adapted to ‘be se-
cured to this ribbed portion of -the casing, for:
example, as by cast metal, or the like, 35. ‘Sup-
porting ring 34 is adapted to have cover assembly
4 secured thereto in any desired manner, not
shown.

The-casing and-terminal structure & desecribed
above are substantially identical with those-more
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particularly described and claimed in the above-
mentioned copending application of H. L. Raw-
lins and J. M. Wallace, and in their copending
application, Serial No, 346,300, filed July 19, 1940,
now Patent No. 2,318,421, issued May 4, 1943, to
the same assignee as this application.

Cover assembly 4 comprises an integral cast-
ing having a flange 38 formed infegrally with
the lower end thereof and adapted to seat on the
upper end wall of casing 2 and extend over the
interior of the casing. Flange 38 is also provided
with integral outwardly extending ears (not
shown) adapted to be bolted to ears formed on
supporting ring 34. The cover assembly casting
is provided with a hollow portion including the
top wall 40, side walls 42, 43, and end walls 44
and 45, with the bottom of the hollow portion
being open and located over the open top of cas-
ing 2. At one upper corner of the hollow por-
tion of cover assembly &, an inclined wall is
provided with a threaded aperture for coopera-
tion with a threaded filler plug 46, by means of
which casing 2 may be filled with an arc extin-
guishing fluid. Top wall 46 of the hollow por-
tion of the cover assembly is extended beyond
the hollow portion and slightly inclined down-
wardly as at 48 to form the top wall of a sleet
hood portion having side walls 52 and §3. The
top wall 48 of the hood portion terminates in an
angularly downwardly extending lip 56, for a
purpose {0 be hereinafter described.

As appears from Figs. 1 and 3 of the drawing,
flange 38 of the cover assembly 4 has portions
which extend over the open top of casing 2, and
these portions are adapted to insulatingly sup-
port the circuit breaker contacts and operating
mechanism, for example, as by the tubular in-
sulating spacer sleeves 54. The spacer sleeves
54 have the opposite ends thereof threaded for
cooperation with screws 56 and 58, fo secure the
spacers to flange 38 and the upper leg i06 of a
U-shaped supporting frame 60, respectively.
The other leg 108 of U-shaped frame 60 is se-
cured to one end of a generally rectangular
frame 64, and the other end of this frame is
preferably formed integral with the top cap €
of an interrupter chamber 68. :

The inferrupter chamber 68 includes an insu-
lating tube 10 of fiber or the like, having one end
threaded into top cap 66, and having the other
end threadedly received in a bottom terminal
cap T4. Top cap 66 is provided with a substan-
tially central aperture 69 for closely slidably re-
ceiving a contact piston rod 12, and the cap is
also provided with spaced outlet apertures 73
adapted to be controlled by a sliding valve plate
102, normally biased by coil compression spring
104 into engagement with the adjacent end of
insulating tube 70. The lower end cap 14 of the
interrupter chamber is provided with inlet pas-
sages 16, and with a substantially centrally lo-
cated threaded aperture for receiving the
threaded end of an adjustable fixed contact 78
which is secured in position, for example, as by
a lock nut 80. The outer end of end cap 74 is
reduced in size to form a shoulder 82 on which
is seated one end of a coil compression spring
84 with the other end of this spring bearing
against the head 18 of terminal bolt {4. Spring
84 should be of some good resilient conducting
material, such, for example, as a copper alloy
or the like. )

The lower end of contact piston rod 712 is pro-
vided with a socket for receiving the upper end
of contact rod 86, secured in the socket, for ex-
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ample, as by a rivet 88. The lower end of con-
tact rod 86 is enlarged to form a contact head
80. A liquid directing piston 92 is provided with
a central aperture $1 so that the piston may he
slidably mounted on contact rod 86 for move-
ment between contact head 98 and the lower
end of contact piston rod 72. The lower end of
contact piston rod 72 is counterbored to receive
a2 coil compression spring 93 which normally
operates to bias liquid directing piston 92 to-
wards contact head 80. As shown, piston 92 is
provided centrally with a hollow portion to
which access is obtained by means of a plurality
of top apertures 94, and a single lower aperture
85 concentric with contact head 80 so as to form
an annular liquid passage therewith. Liquid di-
rector piston 82 may have a periphera] slot for
the reception of a piston ring 96 to prevent leak-
age of liquid between the piston and inner wall
of tube 70. A stop ring 38 is secured in position
between the lower end of insulating tube 79 and
lower end cap 142 and, as shown, projects in-
wardly so as to form a stop for liquid director
piston 82, so that when the contacts are closed,
the piston is maintained in a position interme-
diate the limits of its movement on contact rod
86. The inlet apertures 76 in cap 74 are
adapted to be controlled by a check valve plate
100 freely mounted between the end wall of end
cap 14 and stop ring §8. The interrupter cham-

“ber 68 described above is substantially identical

with that described and claimed in the copend-
ing application of J. M. Wallace and H. L. Raw-
lins, Serial No. 374,686, now Patent No. 2,475,765,
except that in the interrupter chamber herein
described, valve plate 102 is spring biased in one
direction, rather than being frictionally asso-
ciated with contact piston rod 72 as in the said
copending application. .

'The operation of the interrupter chamber,
herein disclosed and iliustrated, is substantaily
the same as that in the apove-identified copend-
ing appilication and comprises briefiy utilization
of fluid pressures generated by an arc drawn,
to obtain contact separation. This is accom-
plished by the instant structure because it will
be observed that as soon as contact piston rod
12 is moved upwardly and contact head 99 moves
out of engagement with fixed contact i8 to strike
an arc, the action of such an arc on the are
extinguishing liquid within the chamber, such,
for example, as oil or the like, will decompose
the same to generate a gas which will build up
a pressure within chamber 68. As soon as this
pressure builds up, it will obviously force check
valve plate 188 and valve plate 102 outwardly
relative to insulating tube 79 to close both the
inlet and outlet apertures 76 and 73, respectively.
Outward movement of valve plate 102 readily
occurs because the upper side of this plate is
vented by aperture {83. Accordingly, such pres=-
sures within the chamber will act on contact
piston rod 72 in a piston-like manner to force
the same to move outwardly of the chamber,
and thereby increase the contact separation. In
the upward movement of contact rod 85, liquid
director piston $2 remains stationary until con-
tact head 90 engages the upper wall of the di-
rector to thereby draw the arc out to an optimum
length before moving the director to cause a
flow of liquid through apertures 84 and 95 into
the arc to extinguish the same. Contact piston
rod 72 and contact rod 86 will be moved out-
wardly by the pressure developed within arc
chamber §8 until the combined action of at-



2,575 39

5.
tenttation- of the ‘arc -and"flow of liquid there~
through- cause extinction. As soon as the’are
is-extinguished, the contact piston rod 72 is
adapted to be moved downwardly towards fixed
contact 18 ‘in a manner-to be hereinafter fur-
ther -described, and since :pressure is -no- longer

being generated ‘within the chamber; spring 104"

will be free to-move -valve plate 182 downwardly
to open-outlet-passages- 13 and permit exhaust

of gases and used liquid out of the upper end i
This up-flow of gas and:

of-the arc chamber.
used liquid from the chamber will be taken -care
of by an in-flow of fresh liguid through-inlet
apertures 16 which will-cause -check vaive plate
100- to“be unseated due to the pressure at the
bottom: of the casing because of the head of
liguid - therein, and especially because of the
difference in pressure due to the difference in
the head of liquid beiween inlet apertures 76
and outlet apertures 7%. Consequently, it can
be - seen that the fuid pressure  developed by
the arc is utilized in this irnterrupter to obtain
contact separation, and that during a closing
operation of the breaker contacts, the used arc
extinguishing fluid within the chamber is re-
placed by fresh fluid from casing 2.

As " previously  stated, the substantially U-
shaped supporting frame member 6§ is secured
to.the upper end of rectangular supporting frame

64, and the frame member & is for the purpose 2

of ‘supporting a solenoid coil'ii12. The upper and
lower. legs 106 and 108 of supporting mmember
60 are connected by “spaced’ integral: legs {id
positioned ‘at one side thereoi, so that the sole-

noid coil 112 may be assembled with support 3

60 by merely slipping the entire coil between legs
106 "and 188 through the open side of support
62. The legs 186 and {88 of the U-shaped frame
60 ‘are provided with aligned apertures adapied

20

o)
<

to .coincide with the central bore provided in <G

solenoid coil {12, and a securing sleeve {14, of
insulating  material, is adapied to be inserted
through the aperture in leg 188 of the U-shaped
support 68 into engagement with a shouldered

plug 116 seated against a shoulder provided about-

the aperture through leg 185 of U-shaped sup-
porting frame §3. Sécuring sleeve 114 is main-
tained against movement downwardly from the
supporting frame 68, as viewed in Pig. 1, by the
cennection. of rectangular frame §4 thereto, in-
asmuch as the end plate {18 of this {rame is
provided with a shouldered aperture, with the
adjacent end of securing sleeve 1i4 seated on
the. shoulder of this aperture %o prevent move-
ment thereof with respect to U-shaped frame
80, Frame §3 is of magnetic. material to form
a stationary frame for coil 112 as well as a sup-
port therefor. Rectangular frame 84.is secured
to. the- lower leg (08 -of U-shaped frame &8, for
-exambple, as. by screws 62, or the like. It will
be noted that solenoid .coil. 112 is provided With’
a.plurality of taps 118 which are connected to
différent - sections of the-coil, and located away
from -the connecting legs 110 of the.U-shaped
support 80, at the open side thereof so as to he
readily. accessible for the purpose of changing
the coil connections when desired. Rectangular
supporting frame 64 'is provided with the side
plates 120 integral with top plate. 118 at one end
thereof, and with top cap 66 for the interrupter
chamber at the other end thereof.

The upper end of contact piston rod 72 is pe-
ripherally grooved as at 122 to form a notch and
a Jateh projectiony 124" at the upper end thereof,
forcooperation with a latch lever 1260 The lateh
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lever is-adapted to be pivotally: mounted on top>
end cap 68 of the interrupter chamber, for ex--
ample, as-by-a pivot pin 128, and a coil -spring"
{38is wound -about pivot pin 128 with the ends

thereof engaging end cap 86-and latch lever {26,

respectively; for biasing the latch lever in a-
clockwise ‘direction about its pivot, as viewed in-
Fig: 1) The-latch lever is provided with a plu-

rality-of-latch lugs 132 and 134 for cooperation

with thelatch projection {24 on the upper end of

contact piston rod-72, and with the core of sole=

noid ‘coil - §12; A contact operating rod 136 is

rigidly secured-to contact piston rod 12 and ex~

tends from the upper end- thereof through a

sleeve 137 extending through the central opening:
ofsolenocid coil ${2-and securing sleeve (14, The
Jower-end ‘of ‘sleave-137 is enlarged as shown at”
{3%"to receive the upper:-end of a coil compres--
sionspring 144, with the lower end thereof bear-

ing against the bottom wall of a tubular solenoid-
core member {£6.. The tubular solenoid core 140,

which™is-of magnetic material, has the bottom

wall thereof apertured to be slidably mounted on

contact operating rod 138; and has adjacent the-
upper end thereof a-peripheral inwardly extend-
ing rib 142 of-a size to closely engage the outer

surface of enlarged portion {38 of sleeve 131:

Adjacent the lower end of solenoid core {40 are

radially directed vent apertures (46, for a pur--
pose to be hereinafter deseribed.

In-the operation of the mechanism thus -far
described, it will be apparent that upon the oc-
currence oif predefermined circuit conditions,
solenoid coil {2 will become sufficiently energized
to atiract core 148 and cause it to move upwardly
on-operating rod 13% and compress spring 144
between the core and sleeve 137. Furthermore,
hecause of the close fit between core 148, securing
sieeve !i4 and enlarged portion i88 of sleeve 137,
and-since- these parts are all immersed in the
arc extinguishing fluid, it will be obvious that up-
ward movement of core 148 will be relatively slow
because of the necessity of displacing the fAuid
within securing siceve 114 through the relatively-
smail clearance between the core and sleeve.
However, after sufficient movement of the core
upwardly so-that rib {42 clears the upper end of
eniarged sleeve portion 138, there will then be 2
relatively large annular passage through core 140
and” outlet apertures 148 for liguid entrapped:
in securing sieeve {i4, so that further movement
of core £48 upwardly will take place at a rela-
tively rapid rate. During this rapid movement
of the core, the bottom wall thereof will engage
the lower end of enlarged sleeve portion {38 to
cause movemenit of the sleeve upwardly with the
core, and engagement of the upper end of the
sleeve with shoulder [£7 formed on contact op-
erating rod 138, will thus quickly separate contact
head &35 from fixed contaet 78. This movement
of consact head 92 by solenoid core {48 away
from fixed contact 78 need be but a small amount,
because as soon as the contacts are separated.
sufficiently fo draw an are, the pressure gen-
erated by such an arc operates to increase the
contact separation sufficiently to extinguish the
arc. Obviously because of the sliding connection
of solenoid core 143 with respect to contact op-
erating rod 138, the contact operating rod and
contact head 59 are permitted to have a consider-
able over-travel independent of solenoid core 148
in response to pressures built up within the in-
terrupler chamber 88. As soon as the arc is ex-
tinguished and the pressure drops within inter-
rupter chamber 68, contact operating rod 136 is
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permitted fo mové downwardly to reclose the
contacts. However, its downward motion is
halted by engagement of latch projection 124 at
the top of contact piston rod 12 with upper latch
lug 132. In the meantime, solenoid core {140 re-
turns very slowly under the biasing forces of
gravity and spring (44, to the position shown in
Fig. 1 because of the dashpot action thereof in se-
curing sleeve 114, so that considerable time must
elapse until the solenoid core 143 moves down
into engagement with the upper end of latch
lever 126, and thereby cause counterclockwise ro-
tation of the latch lever to disengage its upper
lug 132 from contact piston rod projection 124,
This permits the projection $24 to drop down
slightly with contact operating rod 136, and into
engagement with the lower lug 134 on latch lever
126, where it is held until further downward
movement of solenoid core 148 causes further
counterclockwise movement of the latch lever
until projection {24 is released from lug 134,
whereupon the contact head 96 is permitted to
move into engagement with fixed contact 18. In-
cidentally, it will be noted that upper lug 132 of

latch lever 126 serves as the support for pre- ¢

venting undue downward movement of solenoid
core 140. -

The reason why a plurality of lugs 132, 134 are
provided on the latch lever to successively halt

downward movement of contact head 30 towards

fixed contact 78, is that it is necessary to main-
tain the contacts separated during the time delay
period before reclosure, a sufficient distance apart
so that the dielectric thersbetween will be capa-
ble of safely withstanding circuit voltage. Be~
cause of contamination and deterioration of the
dielectric on the inferruption of high current
arcs, this distance is quite large. On the other
hand, it is desired to make the time delay be~
tween a circuit interrupting operation and a
reciosure of the circuit as long as possihle with
the available time delay means including the
dashpot comprising solenoid core {40 and secur-
ing sleeve ii4. Lug {32 on the latch lever, there-
fore, is positioned to engage the moving contact
to hold it separated from fixed contact 78 a dis-
tance corresponding to the safe gap therebetween
according to the dielectric being used. If lug 124
were not also provided on the latch lever, then
the time delay between g circuit interrupting
operation and a reclosure of the breaker con-
tacts would be too short, and accordingly, to
lengthen this period, the second lug 134 is pro-
vided for momentarily delaying reclosure of the
breaker contacts after release of the moving con-
tact from lug 182, to thereby obtain a longer time
delay in reclosing without undue danger of flash-
over, inasmuch as the period of time which lug
134 operates to maintain the breaker contacts
separated is so short that ionization of the path
between the breaker contacts does not have time
to be completed prior to reclosure of the contacts.
Also on interruption of low currents, the pressure
may be insufficient to move contact projection
124 as high as latch lug 132 and since the dielec-
tric will not be unduly impaired by low current
interruptions, engagement with latch lug 234 will
provide a safe gap between the contacts while
using full time delay on reclosure. This feature
of the invention together with the special con-
struction of arc chamber 68 are disclosed and
claimed in application Serial No. 562,798, filed
November 10, 1944, now Patent No. 2,442,477,
which is a division of the same application of
which this application is & division.
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The upper end of contact operating rod {36 is
pivotally secured as by pivot pin {50 to one end,
of a pair of insulating links 148, with the other
ends of the links being connected to an angled
crank lever 152, for example, as by the pivot pin
153. Crank lever 152 is pivotally mounted at its
other end on a shaft 154 extending across the
hollow portion of the top cover casting, and its
outer ends are mounted in apertures provided in
the side walls 42 and 43 of the cover hollow por-
tion, with the outer ends of these apertures being
closed by screw plugs 156 to prevent relative end-
wise movement of shaft i54. Angled crank lever
152 is rotatably mounted on shaft {54, and a
generally U-shaped yoke 158 has the leg portions
thereof also rotatably mounted on shaft 154,
with one leg of yoke 158 pivotally connected to
one end of toggle links 160, and the other ends
of these toggle links being pivotally connected to
a toggle lever 166, which is, in turn, secured on
the squared end of a shaft {68 rotatably mount-
ed in an angled portion of end wall 45 of the cover
assembly in a bearing sleeve {72, by a bolt {79,
which also acts to secure an operating handle {74
to the other squared end of shaft 168. Operat-
ing handle {14 is provided at the outer end there-
of with a hook eye aperture 176 for the reception
of a hook stick or other operating member. Ac-
tuating handle {74 is limited in its movement in
a counterclockwise direction by a stop screw 178
which may be secured in an adjusted position,
for example, as by a lock nut 180,

A pair of concentric coil springs {82 and 84 is
provided about shaft 154 within the hollow por-
tion of the cover assembly 4, with one end (8%
of the outer large diameter coil spring 184 en-
gaging flange 38 of the cover assembly, and the
other end 188 thereof engaging the connecting
portion {89 of yoke 158, to thereby bias the yoke
for movement about shaft {54 in a counterclock-
wise direction. This movement of the yoke is
normally prevented by virtue of the toggle formed
by links 160 and 166 being below their dead-cen-
ter position when actuating handle {74 is in en~

. gagement with stop screw 178. One end 90 of
“the smaller diameter inner coil spring {82 is ex-

50

a0

(]

tended to engage the angled portion of crank
lever 152, and the other end of this spring also
engages the connecting portion 189 of yoke {58,
50 that when the yoke is locked by toggle levers
160 and 166 against movement in a counterclock-~
wise direction, biasing spring 182 will operate to
bias crank lever {52 downwardly or in a clock-
wise direction relative to shaft 154, to thereby
bias contact actuating rod 136 and contact head
90 downwardly, and cause engagement of the
contact head with fixed contact 78.

The circuit through the interrupter herein dis-
closed extends from a terminal bracket 194 se-
cured to the top cover assembly, for example, as
by a screw 198 with the bracket having a terminal
socket 196 for the reception of a line conductor,
through the cover casting, by way of a conductor
200 to one tap 119 of solenoid coil (12, through
the coil, conductor 202 to contact piston rod 12,
contact rod 86, contact head 96, fixed contact
18, end cap 14, compression spring 84, terminal
bolt 14, to another line conductor 28. Thus, it
can be seen that the solenoid coil 112 is connected
in series in the cireuit including the breaker con-
tacts, and as shown, the whole coil is connected
in series, inasmuch as the end taps of the coil
are used, and, therefore, the connection is for
the lowest rating of the breaker which can be
obtained with the coil employed, inasmuch as the -
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“maximum flux:generating-capacity of the. eoil is
=employed: to thereby:obtain sufficient force to
iseparate’the contacts on relatively low currents.
~To:-obtain: higher: current ratings, it would be

“merely necessary to connect conductor 202 or 209 -

to-other-taps-{ 19 of the coil to utilize smaller por-
~tions. of-the coil ‘winding. It will be noted.that
the entire circuit breaker mechanism including
“the breaker.contacts and: interrupting chamber
ware supported: as:-a unit with the casing cover
~assembly’ 4; so that they. may.be removed with
“the.cover from the casing when desived by mere-
ly unfastening the securing means of the cover
-fo support 34 on the.casing. =~ Another feature of
“the particular supporting means for the cireuit
-breaker _mechanism -illustrated, is the specific
ssupport-of the sclenoid coil permitting ready re-
«placement thereof by -another similar coil, or by
‘g coil- having  a:-different -number. of : turns: to
thereby ‘change the .available ratings of the
breaker. In order to remove coil £12,.it is mere-
-1y -necessary -to remove:screws §2 -holding U-
.shaped frame 80:-and .rectangular frame §4 to-
-gether. This: permits securing sleeve {14 to drop
downwardly out. of U-shapsed frame. 68, and then
by removing one pivot.pin, for example; the pivot
pin. 1§98, the entire .contact operating rod. and
sleeve 157 can-be slipped: out.of U-shaped frame
60.through apertures in:legs {03 and {98 of .the

Jframe, whereupon-coil {12 may be slipped lateral- -

ly. oub of the open-side:of: U-shaped. frame 60.
JTo-insert a new coil, it-is-simply necessary to
slide it in the open-side-of U-shaped frame 68
-until- the bore therethrough is aligned with the

apertures in legs-186 and-198 of the frame, where- .

.upon contact -actuating rod 138 and securing
sleeve {14 may be inserted through the apertures
and through the bore in the coil, and rectangular
frame 64 secured to-the lower leg {88 of the

-U-shaped supporting frame to thereby firmly se- .,
cure the solenoid coil in operative position. Con-

sequently, in order to-remove the coil, it is only
necessary to remove two screws 62, and one pivot
pin 182, This-feature of the invention is dis-

closed and claimed -in - application Serial No. ;
561,384, filed November- 1, 1244, now Patent No.

2,468,852, which is a division of the same appli-
cation of which this application-is a. division.
-The - operation- of -contact biasing spring 182
mounted on shaft 154 in cover assembly 4 is he-
lieved to be obvious from the foregoing. In other
words,-when the eircuit is. interrupted by ener-
gization of solenoid. coil 112 sufficiently to raise
core {48 and separate the -contacts against the

‘bias of spring 182, this:spring will be effective as

“soon as the circuit is-interrupted:to-move the
contact opérating rod and contact head 98 down-
wardly towards.fized -contact 18, until projection
424 on contect piston rod 12 is engaged by latch
lug 132, whereupon reclosure of the -contacts will
be delayed until the latch is released by solenoid
core {49 in the manner. previously.described.

Tn.-the event an .overload occurs on the cirenit
which is not. self-clearing.but continues after a
‘predetermined number of successive interrupting
operations, there is.provided means for tripping
“the ‘toggle which normally prevents rotation of
‘yoke 1588, so that spring 184 becomes effective to
“rotate the yoke in a counterclockwise direction to
“the dotted line position shown in Fig, 1 and, con-
sequently, raise crank lever 152, by engagement
“of the cross bar 139 of the yoke with a projection
194 on the lever, together with.contact actuating
rod 138 and contact head 88 to a position wherein
‘the contsact head is maintained out of engage-
ment with fixed contact 18, because coil spring
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“182 -will -be ineffective to reclose the contacts.
“The means for tripping. the toggle includes:a
cylindrical tube 204 threadedly mounted in. the
upper-leg 106 of U-shaped support 69, and pro-
'vided with an inlet aperture 268 in the bottom
wall-thereof controlled by a ball-chack valve 210
to - permit flow of Hquid into tube 224, but pre-
venting out-flow of liquid. " A pistorr'member 206
1s ‘slidably mounted within cylindrical tube: 204,
‘and theupper end thereof is provided with g plu-.
rality. of ‘spaced: peripheral grooves 214, 216, and
<218, respectively, to' form a- ratchet-like portion
on the piston accessible through a-side’ opening
“ 212 in-cylindrical sleeve 204. A pawl guide rod
220 is ‘also. secured-to leg {06 of U-shaped sup-
“port &8 between: cylindrical sleeve 204 and con-
tact operating rod 128, for guiding a substantially
‘U-shared: pawl member 222, having the connect-
ing-portion' thereof sletied, as showr at 224 -to
receive the-contact operating rod, and with the
~ends.of the’slot extending into the legs of the
“U=shaped pawl but reduced in. width, as-shown
-at 228, to'more closely fit-guide rod 220. ' Con-
“taet -actuating rod 185 is adapted -to-extend
through the slot 224 50 that the bottom: portion
of the pawl seats’on flanse 232 formed:on the
upper-end of ‘slesve 137 slidable on the contact
actuating rod. Guide rod 229 is formed with-an
‘intermediate-shoulder on-which a washer 228 is
adapted to be seated, with 'a  coil compression
spring 238 engaging between washer 228 and. the
lower leg of:U-shaned pawl 222 to normally main-
‘tain the pawl in-the position shown in Fig. 4.
“In the operation of the circuit hreaker, it will
be observed: that: each time solencid core {40 -is
drawn upwardly to- open the cireuit and-engage
the lower end ‘of enlarged portion 138 of sleeve
137 to move the same upwardly, that it will cause
a tilting-of - pawl-222 against the bias of sprine
230,50 that the upper end thereof moves towards
piston-206 ‘and engages one of the grooves in the
pawl . portion thereof, so that continued upward
movement will move the entire piston upwardly
ighd thereby unseat ball-check wvalve 210 :and
cause. a"predetermined -amount of liquid-to-be
‘drawn inthe lower end of sleeve 204. - As soon
-as the ‘eircuit -is:interrupted, and the contact
‘actuating rod and associated parts are moved
dowvnwardly by biasing spring 182 in the manner
previously described, impression spring. 230  on
guide rod 220 is operative to withdraw the up-
ver leg of pawl 222 from the notch 214 in piston
208, so that the piston remains at the position to
which it has been moved, while the contacts are
reclosed. Now, if the fault on the circuit has
been removed, piston 206 will gradually sink to
‘the position shown in Fig. 4 by displacement of
‘the liguid below the piston through the relatively
small clearance between the piston and cylindrical
sleeve 204, so that eventually it will attain its orig-
‘inal position shown in Figs. 1 and 4. However,
in the event the fault in the circuit has not cleared
upon. the ‘first reclosure of the breaker contacts,
they will again be opened hy solenoid 112, and this

5 time pawl 222 will engage notch 2186 in piston 206,

as shown.in Fig. 5, inasmuch as the piston will
not have had. time to.sink to its original: posi-
tion and.the piston will be moved upwardly. to
the position shown in Fig. 6 of the drawing. ' As
soon as the arc is extinguished, the contacts will
again be reclosed by biasing spring 182, and if
the fault has cleared, piston 268 will again.slowly
sink to its original position. as before. However,
if .the. fault has not.cleared, before. piston. '406
has an opportunity to sink much below the posi-
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_tion shown in Fig. 6, the contacts will again be
opened, and this time pawl 222 will be pivoted
into engagement with the lower notch 2i8 in
piston 206 and cause the same to be moved up-
wardly a further amount and into engagement
with the knee of the toggle formed by levers {60
and 166 to move the knee of the toggle overcenter,
thereby releasing spring 184 and permitting the
same to rotate yoke 158 and move the toggle
-levers and contact operating rod to the dotted-line
position shown in Fig. 1 of the drawing, wherein
the breaker contacts are maintained by spring
184 in an open circuit position.

~It will be observed that ordinarily actuating
lever 114 is maintained entirely within the hood
formed integral with top cover assembly 4, but
upon tripping of the toggle constituted by levers
-160 and 166, the actuating lever 174 will be moved
in a clockwise direction about its pivot axis 170
to project below the hood, and thereby give a
readily visible indication of the fact that the
breaker contacts are now maintained in an open
circuit position. When piston 206 has tripped
the toggle, it will be observed that since contact
operating rod 136 is maintained in an upper posi-
tion, pawl 222 will be maintained in enragement
with notech 218 on piston 206 to maintain the
‘piston in its uppermost position. Accordingly,
when it is desired to manually reclose the breaker
contacts by movement of operating lever 174 in
a counter-clockwise direction to reset the toggle
levers to the position shown in full lines in Fig. 1,
it will be observed in the first place, that in the
event it is thus attempted to closé the circuit
while an overload is present, that the breaker is
‘trip-free in that it is free to open against the
bias of contact biasing spring (82 irrespective of
the position of actuating.lever (74. In the sec-
ond place, it will be noted that since piston 286
has had but a little time to move downwardly
from its outermost position with respect to cylin-
drica] sleeve 204, that in the event the breaker is
reclosed manually upon an overload in the circuit,
‘that on the consequent circuit inferruption and
movement of the contact operating rod and asso-
ciated parts upwardly, pawl 222 will be caused to
engage the lower notch 218 of piston 206 to there-
‘by move the toggle overcenter and again permit
spring {84 to maintain the contacts in an open
position.

Thus, it can be seen that the circuit breaker
-herein disclosed is capable of automatically open-
ing the circuit with an inverse time delay due
to the dashpot action of core 140 in securing
sleeve 14, and yet the contacts are separated with
a relatively fast action due to the venting of the
dashpot formed by core {140 and sleeve (42 ad-
jacent the end of its stroke. This feature is the
invention of J. M. Wallace and is more particu-
larly disclosed and claimed in his copending ap-
plication, Serial No. 399,453, filed June 24, 1941,
now Patent No. 2,233,604, issued November 2, 1943,
to the same assignee of this invention. Follow-
ing a circuit interrupting operation, the breaker
contacts are automatically reclosed with a time
delay also due to the dashpot action of core (48
and sleeve 114, while maintaining substantially
to adjacent the end of the timed period a safe
gap between the breaker contacts. Also, in re-
sponse to a predetermined number of closely suc-~
cessive circuit interrupting operations, novel
means are provided for maintaining the breaker
confacts in an open position, which includes a
biasing means normally held inactive by a toggle
which is moved overcenter by a piston actuated
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a predefermined amount upon each interrupting
operation. The arc chamber herein disclosed is
provided with an outlet valve which is positive
in operation, and the electroresponsive solenoid
contact opening means is supported in a manner
to render the same readily replaceable, and is
provided with a plurality of taps so that the rating
of the breaker may be readily changed. The
specific arrangement of the contact closing
spring and . the spring for maintaining the con-
tact separated is especially important with re~
spect to space considerations and efficiency of
operation.

The means for maintaining the breaker con-
tacts separated including the toggle, its spring
and operating handle, and the piston for ac-
tuating the toggle, together with the particular
manner these means cooperate with each other
and with other parts of the breaker are claimed
in our aforesaid application of which this appli-
cation is a division.

An operation counter 234 is adapted to be
mounted on the end wall 45 of the hollow por-
tion of cover assembly 4 and to be located be-
neath the hood portion thereof so as to be
readily visible from the exterior of the breaker
while protected from the elements by the hood.
This operation counter may be of any well
known type provided with an actuating crank
lever 236, mounted on an operating shaft extend-
ing through the angled portion of wall 45 like
shaft {58, and with crank 238 pivotally con-
nected to an operating link 238, which, in turn,
is connected to pawl 222, so as to actuate the
counter on each circuit interrupting operation
of the breaker. The connecting link 238 is pro-
vided with an insulating portion 240 to insulate
the counter from pawl 222.

In accordance with this invention there is
provided within the hollow portion of cover
assembly & in -a socket 242 provided therefor
on top wall 48, a lightning arrester as-
sembly, which may be of any well known type
including electrodes 256 spaced by an insulating
plate 288 to form a gap in series with a porous
block 280, in the circuit between top wall 48
of the cover and terminal 284 of the assembly.
A tubular insulating sleeve 262 is positioned be-
tween the assembly and the side wall of socket
242, and insulating disk 270 supports terminal
2464, and is secured to the cover assembly 4 by
screws 266, with a sealing gasket 284 therebe-
tween to maintain the arrester assembly in sock-
et 242. A shunt 268 connects terminal 244 and
2 contact plate 271, and this plate is maintained
in contact with block 269 by a spring 272. The
arrester terminal 244 is connected by conductor
285 to the top leg 106 of U-shaped frame 60
to thereby form a circuit bypassing solenoid
coil {12, This obviously will prevent the sole-
noid coil from opening the breaker contacts in
response to surges inasmuch as the coil will
cooperate with the shunt circuit through the
arrester assembly to bypass such surge currents
around the coil and limit the voltage across the
coil insulation, and such surges will be ineffective
to cause a circuit interrupting operation of the
breaker. Coil {12 may also be insulated at a
reasonable level since it will not be subjected
to the high voltages accompanying surges such
as those due to lightning; as a matter of fact,
it is not desirable to by-pass coil 142 because-
the protection afforded by the ecircuit breaker
is then lost, but this is taken care of in this
construction by immediate interruption of cur-
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rent flow in the shunt circuit following the oc-
currence of a surge, by the cooperative action
of block 260 and the gap between electrodes 256.
The arrester assembly herein disclosed utilizes
a single series porous block and gap of the
type shown in the plural series block and gap
arrester shown in the patent to L. R. Ludwig
et al, No. 2,135,085, issued November 1, 1938.
It will be understood that plural series porous
block and gap assemblies may be used with this
circuit breaker, if desired. '

Also positioned beneath the hood portion of
the cover assembly is a tubular sight gauge
glass 280, held in position against an integral
lug 248 on end wall 45 of the cover assembly,
by an apertured threaded plug 249, and an in-
dicating rod 252 is slidably mounted through
the apertured plug and tubular sight glass, and
is provided with a float 254 secured to the lower
end thereof within casing 2 so that the level of
liquid within casing 2 may be readily determined
from the exterior thereof by inspection of ths
sight glass beneath the hood portion of the cover
assembly.

Thus, there is provided in a single unit an
automatic reclosing circuit breaker characterized
by its. ability to automatically maintain the
breaker contacts in an open circuit position in
response to faults which continue a predeter-
mined period of time, and by its inverse time
current tripping characteristics with predeter-
mined time delay in reclosing of the circuit, to-
gether with means incorporated in the unit to
protect the coil insulation and prevent operation
of the breaker in response to the occurrence of
surges in the circuit. Moreover, the cover as-
sembly for the breaker casing 2 is arranged with
a sleet hood portion at one side thereof to
conceal an operating handle which is projected
into view upon lock-open operation of the break-
er contacts to indicate this condition, and also
houses liquid level indicating means, as well as
means for indicating the number of breaker
operations.

Having described a preferred embodiment of
this invention in accordance with the patent
statutes, it is desired that it be not limited to
the particular embodiment herein disclesed, in-
asmuch as it will be obvious, particularly to per-
sons skilled in the art, that many changes and
modifications may be made in this particular
embodiment without departing from the broad
spirit and scope of the invention. Therefore,
it is desired that the invention be interpreted
as broadly as possible.

We claim as our invention:

1. An automatic reclosing circuit breaker com-
prising, separable contacts adapted to be serially
connected in an alternating current load circuit,
electroresponsive means connected in series cir-
cuit with said contacts and of a capacity such
that it is unaffected by the passage of normal
load currents therethrough but is responsive to
overload currents to cause separation of said
contacts, said contacts being biased closed to
automatically close the circuit in response to a
circuit opening operation, a shunf circuit about
said electroresponsive means but not around said
contacts, said shunt circuit including normally
non-conductive gap means adapted to become
conductive in response to high voltage surges to

10

20

35

40

50

60

14

bypass -said electroresponsive means and thus
relieve said electroresponsive means of such high
voltage surges, and means in said shunt circuit
for interrupting the flow of current across the
gap in response to cessation of such a high volt-
age surge.

2. An automatic reclosing circuit breaker com-
prising, separable contacts adapted to be serially
connected in a load circuit, electroresponsive
means connected in series cireuit with said con-
tacts and of a capacity such that it is unaffected
by the passage of normal load currents there-
through but is responsive to overload currents to
cause separation of said contacts, said contacts
being biased closed to automatically close the cir-
cuit in response to a circuit opening operation, a
shunt circuit about said electroresponsive means
but not around said contacts, said shunt circuit
including a gap of a length which will break
down on abnormally high voltages, and means
for extinguishing the arc struck at said gap to
render the gap non-conducting after the dis-
appearance of such abnormal voltages.

3. An automatic reclosing circuit breaker com-
prising, separable contacts adapted to be serially
connected in a load circuit, electroresponsive
means connected in series circuit with said con-
tacts and of a capacity such that it is unaffected
by the passage of normal load currents there-
through but is responsive to overload currents
to cause separation of said contacts, said con-
tacts being biased closed to automatically close
the circuit in response to a circuit opening op-
eration, means responsive only to a predeter-
mined number of closely successive circuit inter-
rupting operations for preventing automatic re-
closing of said contacts, a shunt circuit about
said electroresponsive means but not around said
contacts, said shunt circuit including normally
non-conductive gap means adapted to become
conductive in response to surges to bypass said
electroresponsive means and thus prevent a cir-
cuit interrupting operation of the breaker on
surges, and means in said shunt circuit for in-
terrupting the flow of current across the gap in
response to cessation of such a high voltage
surge.

JAMES M. WALLACE.
HERBERT L. RAWLINS.
JAMES M. CUMMING.
WAYNE S. ASPEY.
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