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UNITED STATES PATENT OFFICE 
2,622,67 

CIRCUIT INTERRUPTER, 

Herbert L. Rawlins, Pittsburgh, and James M. 
Wallace, East McKeesport, Pa., assignors to 
Westinghouse Electric Corporation, East Pitts 
burgh, Pa., a corporation of Pennsylvania. 

Application December 31, 1946, Serial No. 719,572 
(C. 200-89) 17 Claims. 

This invention relates in general to electric 
circuit interrupting devices, and more particu 
larly to automatic reclosing circuit breakers. 
In automatic reclosing circuit breakers of the 

type having contacts which are opened electri 
cally in response to overloads on the circuit and 
are biased to autoiatically reclose when the 
circuit is opened, one problem encountered is 
that of obtaining adequate contact pressure 
When the breakage is closed and at the Sane 
time obtaining full contact Separation regard 
less of the current value of the Overload. in ac 
cordance with an important aspect of this in 
vention, this problem is solved by providing a 
contact pressure spring which is effective Only 
when the breaker contacts are closed and for a 
very short travel of the nowable contact adja 
cent its closed circuit position, So that the now 
able contact is free after a very Sinal annount of 
opening movement to be noved to its full open 
circuit position. 

Accordingly, one general object of this inven 
tion is to provide in a circuit breaker of the type 
which automatically recloses due to a closing 
bias on its contacts, novel eans for obtaining 
adequate contact pressure at the closed circuit 
position. Without interfering With circuit open 
ing novenent of the device to a full open circuit 
position irrespective of the current value of the 
overload causing the circuit opening operation. 
Another object of this invention is to provide 

a circuit breaker having electro-responsive 
means to cause Separation of its contacts and a 
closing bias to automatically reclose the circuit, 
With novel means for applying additional clos 
ing pressure on the contacts Soley at and closely 
adjacent to closed circuit position. - 
A more Specific object of this invention is to 

provide for a device of the type described, a novel 
contact pressure toggle Spring structure air 
ranged to move from an off-center position when 
the contacts are closed and substantially closed 
where contact pressure is exerted on the contacts, 
to a substantially On-center position during con 
tact tiravel into and out of engagement, wherein 
Substantially no foice is exerted on the contacts. 
Another object of this invention is to provide 

in an automatic reclosing circuit breaker having 
means to hold the breaker contacts open in re 
sponse to the occurrence of a predetermined 
number of closely successive circuit interrupting 
operations of the breaker, novel contact pressure 
means which is maintained ineffective when said 
contact hoiding means is operative. 
Another general object of this invention is to 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

2 
provide a novel automatic reclosing circuit 
breaker construction which is efficient and re 
liable in operation, and yet may be economically 
produced. 
Another object of this invention is to provide 

in a device of the type described wherein a Sole 
noid is employed for separating the circuit 
breaker contacts and has lost motion relative to 
the contacts, novel spring means adapted to be 
compressed upon energization of the Soleinoid 
means to actuate the contacts. 
These and other objects of this invention Will 

become more apparent upon consideration of 
the following detailed description of a preferred 
embodiments thereof, when taken in connection 
with the attached drawings, in which: 

Figure i is a substantially central vertical 
Section View of a circuit breaker constructed in 
accordance With this invention; 

Fig. 2 is a transverse section of the breaker 
shown in Fig. 1 taken substantially on the line 
II-II of Fig. 1; a 

Fig. 3 is a partial vertical section view of the 
upper end of the breaker shown in Fig. 1, taken 
substantially on the line III -III of Fig. 2; and 

Fig. 4 is an enlarged partial section view of 
the upper end of the breaker shown in Fig. 1, 
taken substantially on the line TV-IV of Fig. 2. 
The breaker shown on the drawings is illus 

trated as being-mounted in a metal tank 2 hav 
ing a closed bottom wall and an open top. Pref 
erably, the tank is adapted to be lined at least 
over the bottom wall and up to a point adjacent 
the open top of the container with a liner 3 of 
insulating material such as fiber, or the like, and 
is filled up to the level L with liquid, preferably 
a liquid having arc extinguishing ability such as 
oil. The upper end of tank 2 is provided with an 
outwardly extending flange 4 on which the flange 
8 of a cover casting 6 is adapted to be seated, 
preferably, with a gasket G interposed there 
between. Flange 8 of cover casting 6 may be 
provided with an integral lip 2, and the cover 
may be secured to the tank in any desired man 
ner, such, for example, as by bolts (not shown) 
extending through openings 4 in cover fiange 
8 and secured to suitably formed brackets on the 
tank. 
The breaker contacts and certain of the con 

tact actuating mechanism are adapted to be sup 
ported in tank 2 from cover casting S by means 
of a pair of integral supporting lugs to depend 
ing from the top wall of the cover casting and 
adapted to engage insulating spacer rods 8 
having threaded Studs (not shown) engaging 
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threaded openings in rods 3 and lugs 6 on Sup 
porting casting 29. A supporting plate 22 may 
be supported in a similar manner from casting 
20, so that a solenoid coil 24 may be mounted 
between casting 2) and supporting plate 22, with 
the central opening in the coil aligned with open 
ings provided in casting 2 and plate 22. 
Spaced stationary contacts 26 of the breaker 

are each supported from plate 22 by a Support 
28 of insulating material, such as fiber, formed of 
U-shape, with the stationary contacts being 
mounted in openings provided in the base por 
tions 30 of each support 28, and with the upper 
ends of each support 28 having laterally extend 
ing flanges 32 by means of which each support 
is secured to supporting plate 22. As illustrated, 
each contact 26 is formed as the head of a bolt 
to which a conductor may be secured, as by the 
nuts 34. 

Stationary contacts 26 are adapted to be closed 
by engagement therewith of a bridging contact 
36 having contact tips 38 at opposite ends there 
of for engagement with the stationary contactS, 
respectively. Bridging contact 36 is supported 
substantially centrally thereof on a slidable con 
tact actuating rod 44 by pivot pin 49 for limited 
pivotal movement about a transverse axis on con 
tact actuating rod 44. Contact rod 44 being 
mounted for longitudinal sliding movement 
through coil 24 and the aligned openings in plate 
22 and casting 20, it will be observed that bridging 
contact 36 is free to adjust itself to the stationary 
contacts by restricted pivotal movement about 
its pivot mounting 40. Contact rod 44 should 
be of an insulating material such as fiber or a 
molded insulating material. 
The upper end of contact actuating rod 4A has 

a pair of connecting links 46 positioned at each 
side thereof and pivoted thereon as by a pivot 
pin 48, with the upper ends of these connecting 
links mounted on a common pivot pin 59 for a 
pair of toggle levers 52 and 54. Toggle levers 52 
and 54 are both formed of sheet material, with 
lever 54 being bent to Substantially channel form 
with outwardly extending flanges 56, adapted to 
be received at the free ends thereof in recesses 58 
provided in the spaced downwardly depending 
fingers of an angled supporting bracket 60 which, 
in turn, is secured as by screws 64 to lugs 62 in 
tegral with the cover casting. Preferably, the 
base of the channel part of toggle lever 54 is 
extended at 66-through the Space between the 
Supporting fingers of bracket 60, and at the other 
end of lever 54 the sides of the channel forma 
tion thereof are extended to be mounted on pivot 
pin 50. A coil tension Spring 68 has one end 
hooked into an opening 70 provided in toggle lever 
52, and has the opposite end thereof hooked over 
an integral spring Support 72 on the cover casting, 

It will be observed that in the closed circuit 
position of the breaker illustrated on the draw 
ings in full lines, the line of action of toggle 
spring 68 is below the pivot supporting recesses 
58 for toggle lever 54, and accordingly, the toggle 
spring acts to bias bridging contact 36 into en 
gagement with stationary contacts, 26 of the 
breaker, under a predetermined pressure. HoW 
ever, as soon as contact operating rod 44 noves 
upwardly to separate the bridging contact from 
the fixed contacts of the breaker, toggle lever 54 
will pivot about recesses 58 and the line of action 
of toggle spring 68 will thus be caused to approach 
that pivot point so that in response to a very 
small contact separation the line of action of 
toggle spring 68 will pass through pivot recesses 
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4. 
58 which is the on-center position of the resilient 
toggle arrangement comprising toggle levers 52 
and 54 and toggle spring 68. As a practical mat 
ter, the opening movement of the contacts neces 
Sary to move toggle levers 52 and 54 to the on 
Center position mentioned above may be made 
Very Small, in one operative device being on the 
Order of one-quarter of an inch. When toggle 
levers 52 and 54 reach their on-center position 
referred to above, further relative movement of 
the two toggle levers in the same direction is pre 
vented because the upper edge of toggle lever 52 
engages the base" of the central channel forma 
tion of toggle lever 54. Moreover, since the point 
at which toggle spring 68 is hooked into opening 
TO of lever 52 then substantially coincides with 
recesses 58 in which toggle lever 54 pivots during 
contact opening movement, it will be apparent 
that the remainder major part of contact opening 
movement will occur substantially uninfluenced 
by toggle 68. Substantially the reverse of the 
above operation occurs when contact operating 
rod 44 moves downwardly to close the circuit from 
the full open contact position, because during the 
first and major part of contact closing movement, 
leverS 52 and 54 will be in engagement so that 
Such movement will be uninfluenced by toggle 
Spring 68. However, as soon as pivot 59 passes 
below a line drawn from the remote end of tog 
gle spring 68 through pivot recesses 58 for link 
54, toggle spring 68 will then be effective to move 
the toggle levers toward the full line position 
shown in Figs. 1 and 3, and the force exerted by 
toggle Spring 68 then tending to close the con 
tacts will continue to increase as toggle levers 
52 and 54 move further away from their on 
Center positions. While it is preferred when 
toggle levers 52 and 54 are in engagement that 
these levers be engaged as closely as possible to 
their on-center position, so that toggle spring 68 
is ineffective to bias the contacts in either direc 
tion, rather than risking that the engagement 
occur at a position slightly overcenter from that 
shown in Figs. 2 and 3, it may be desirable to 
make the engagement occur just prior to attain 
ment by levers 52 and 54 of their on-center posi 
tion. When this is done, toggle spring 68 will 
exert Some slight bias tending to close the con 
tacts, and this may be desirable in some cases. 
It Will be noted that toggle lever 52 is provided 
With an integral hook 73 for liniting its separa 
tion from toggle lever 54. 

Solenoid coil 24 previously mentioned , is 
adapted to be energized under csrtain conditions 
for automatically opening the circuit hreaker 
contacts. The central opening through coil 24 
preferably is provided with a cylindrical sleeve 74 
in which a solenoid core 76 is adapted to be slid 
ably mounted in a piston-like manner. Core 76 
is in the form of a cylindrical sleeve having op 
posed slots 8 in the upper portions thereof 
adapted in the normal closed circuit position of 
the device illustrated in Fig. 1 to extend partly 
above and partly below supporting plate 22, by 
engagement of an exterior shoulder adjacent the 
upper end of the core with a sleeve 8 which has 
an external rib held between the sleeve 74 for 
the coil and supporting plate 22. The lower end 
of Core 75 is also provided with opposed open 
ingS 8, for a purpose to be hereinafter described. 
A contact actuating sleeve 82 is telescoped over 

contact actuating rod 44 and its lower end is re 
ceived in core 76 and preferably threadably 
mounted therein. A coil compression spring 86 
is provided within actuating sleeve 82 on contact 
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actuating rod 44 and is adapted to react between 
a shoulder in the core and a pin 88 extending 
transversely through actuating rod 44. 
The circuit through the circuit breaker thus 

far described may now be traced from the point 
where it enters tank 2 through one of a pair of 
terminal bishings 98 (only one being shown), 
with each bushing secured to cover castings 6 
as by bolts 94, and each being provided With a 
terminal fixture 32 at the upper end thereof 
mounted on a conductor element which extends 
through the bushing and energes from a reduced 
extension 95 of the bushing seated in an Opening 
provided in the top wall of cover casting 6, and 
proceeds by conductor 98 directly to one fixed 
contact 2 of the breaker. When the contacts 
are in engagement, the circuit then proceeds 
through bridging contact 3 to the other fixed 
contact 26, and then by Way of a conductor 
to one terminal of soleinoid coil 4. The other 
terminal of coil 23 is adapted to be connected 
by a conductor 2 to the conducting means in 
the other terminal bushing 99. It will be ap 
parent that solenoid coil 24 in this embodiment 
of the invention is connected in series in the 
circuit through the circuit breaker So as to be 
energized at all times when the circuit breaker 
is closed, an amount dependent upon the value 
of current flowing in the circuit. 
For any given rating of circuit breaker, sole 

noid coil 24 is designed to become sufficiently 
energized when the load current in the circuit 
exceeds its rating as to attract core is and move 
it upwardly within sleeve 74. Core 76 will move 
upwardly relatively rapidly, until the bottom of 
slot 8 reaches sleeve 89, whereupon there is no 
longer any vent for fluid contained in cylindrical 
sleeve is, and it then becomes necessary upon 
further upward movement of core 7s to displace 
the liquid in sleeve is above the core through 
the relatively Sima clearances between the core 
and sleeves if aid i? and between sleeve 82 and 
casting . Accordingly, opening novenent of 
the core will be slowed up by the aforesaid dash 
pot action an annount deterrained by the current 
value of the overload, and, therefore, an inverse 
line-current characteristic on Opening is ob 
tained. Finally, when openings 8 clear the 
upper edge of siegeve 85, core S will no longer 
be restrained by the dashpot action, and final 
opening novenent, thereof may be relatively 
rapid. When coise a corrences its upward 
travel, hridging contact, 3 is being held engaged 
by toggle Spig i does not nove, so that Spring 
86 is compressed until the energy stored in spring 
86 is sufficient, to overcoine the force exerted by 
toggle spring S., at which tine contact actuating 
rod & Will Start to ringve ugwardly. As soon as 
actuating rod & Yao Wes upwardly, the force 
exerted by taggie Spring 33 begins to decrease 
and in a very short distance has substantially 
no value at al., So that the remaining fajor part 
of the circuit, Gpening movement of bridging 
contact, 3 occurs extremely rapidly due to ex 
pansion of Spring 25. 

In order to store as much energy as possible 
in spring 85 during a circuit opening operation, 
it will be oted that this Spring is of a Special 
type being wound on two different pitches, with 
the Upper coils of the Spring as Viewed in Sig. 

having a relatively large pitch compared to 
the pitch of the lower coils of spring 86. Spring 
85 may be formed of a single piece of wire which 
is uniforn in diaineter, but by making the coils 
of different pitches, it will be apparent that the 
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6 
force-distance characteristic of Such a spring can 
be made to closely approximate the force 
distance characteristic of Solenoid coil 24 and 
its core 6. The reason for this is that an Or 
dinary spring having a uniform pitch has a 
straight line force-distance characteristic which 
obviously cannot be matched with the force 
distance characteristic of a solenoid. By provid 
ing a Spring having a nunaber of coil portions 
differing in pitch, when the coils of Sinall pitch 
go Solid, the defection of the reinaining coils 
Will be increased accordingly so that instead of 
a straight line force-distance characteristic the 
resulting characteristic of the Spring as a whole, 
Will comprise a Series of straight lines at progres 
Sively increasing angles, and these obviously can 
be made to closely follow the characteristic curve 
of any particular. Soleiroid. Accordingly, it Will 
be apparent that the maximum energy available 
froin the Solenoid coil 24 will be stored in con 
pression Spring 86 and Will thus be available to 
overcome the closing bias of toggle Spring S8, 
preferably at Some point during initial movement, 
of core 76 before actuating sleeve 82 engages 
flange 89 on actuating rod 44. However, fainge 
89 is provided to obtain a positive contact sep 
aration in the event there is any sticking or 
Welding of the bridging contact to stationary 
contacts 26. In either case, it is apparent that 
toggle levers 52 and 54 will be moved to their 
on-center position in the manner previously de 
Scribed, and bridging contact 36 will be moved 
by Spring 6 to its full open circuit position. 
When the breaker contacts have attained their 

full Open circuit position, the parts associated 
thereWith are biased to return by gravity, and as 
previously pointed out, they may also be biased 
by toggle spring 68 if it is desired to stop relative 
movement of toggle levers 52 and 54 just short, 
of attaining their on-center position during open 
ing of the contacts. In either case, the closing 
bias is relatively light and will be opposed by 
the dashpot action of core 76 when it has moved 
down Wardly a distance sufficient to bring open 
ings 8 below sleeve 80. Accordingly, the return 
movement will be relatively slow until pivot point 
50 moves below a line extending through pivot 
recesses 58 and the fixed end of spring 68 at 
bracket 72, whereupon bridging contact will be 
rapidly moved to effect a snap-action closing 
of the breaker contacts by toggle Spring 68, 
Moreover, at about this same time the lower 
ends of slots 8 in core 6 will clear the lower 
edge of sleeve 80 So as to vent the dashpot com 
prising sleeve 74 and core 6. 
In order to limit the number of operations of 

the circuit breaker in close succession upon the 
occurrence of a continuing overload on the cir 
cuit and to provide for manual operation, means 
are provided for holding the breaker contacts 
open in response to the occurrence of a prede 
termined number of closely succeeding circuit in 
terrupting operations, which means can be man 
ually actuated. This means comprises a toggle 
lever 04 pivoted at One end as at 96 on a U. 
shaped spring lever 8 which, in turn is piv 
otally supported as at between the legs of 
a U-shaped supporting bracket secured to 
cover casting 6. The other end of toggle lever 
04 is pivoted, as by a pivot pin f2, to the adja 

cent end of a second toggle lever 4, and this, 
in turn, is mounted on a pivot pin 6 inter- . 
mediate its ends, with the pin 6 being mounted 
in a bracket 8 secured to the adjacent wall of 
cover casting 6. A slot 20 is provided through 
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the cover casting 6 for receiving the other end 
of toggle lever 4 which acts as a manual oper 
ating handle at the exterior of the circuit breaker 
"casing, being provided with an angled hook end 
22. A coil compression spring 24 is mounted 

to react between the bight of lever 08 and cover 
casting 6. Normally, toggle levers 04 and 4 
are held by spring 24 with pivot 2 below the 
center line connecting pins 06 and 6, with the 
outer end of lever 4 positioned in and be 
neath an integral hood 26 on cover casting 6, in 
engagement with an adjustable stop screw 28 
mounted in the hood. 
In the position of toggle levers to 4 and f4 

illustrated, they have no effect on operation of 
the circuit breaker as previously described, be 
ing normally inactive in this respect. However, 
lever 08 has a connecting pin 3 extending be 
neath toggle levers 52 and 54. Accordingly, if it 
is desired to manually open the circuit breaker 
contacts, a hook stick or similar operating mem 
ber may be engaged with the upper side of angle 
hook 22 of toggle lever f4 and pulled down 
Wardly to rotate the toggle lever in a counter 
clockwise direction about its supporting pivot ill 6 
to move toggle levers 04 and 4 overcenter in 
an upward direction, and in doing this, pin 3 
engages toggle levers 52 and 54 and moves them 
upwardly in a counterclockwise direction, thus 
carrying contact actuating rod 44 upwardly to 
separate bridging contact 36 from stationary con 
tacts 26. The contacts will be held open by 
spring 24 which maintains toggle levers 04 and 

4 in their upper overcenter position. In thus 
manually opening the circuit after toggle spring 
68 is moved to its on-center position, it will be 
observed that the spring 24 is only required 
to maintain the contacts of the breaker open 
against the relatively light closing bias due to 
gravity, and such light bias as may be due to 
toggle spring 68 in the event that toggle levers 
52 and 54 are stopped just prior to reaching 
their on-center position. With the breaker con 
tacts maintained at their open circuit position 
following the manual circuit opening operation 
described above, it will be apparent that the 
outer end of toggle lever i? 4 projects below hood 
26 of cover casting 6 so as to provide a readily 

visible indication that the breaker contacts are 
maintained at open circuit position. It will fur 
ther be apparent that the breaker contacts may 
then be closed only by manual operation of tog 
gle lever 4 in the opposite direction, that is, by 
exerting an upward force on the Outer end of 
the toggle lever by engagement of a hook stick 
or the like with the underside of hook 22, to 
rotate lever 4 in a clockwise direction to move 
it and toggle lever 04 back overcenter to the 
position illustrated on the drawings. This man 
ual operation of toggle lever 4 does not directly 
close the breaker contacts but merely permits 
closure of the contacts in the manner previously 
described, that is, initial closing movement of 
the contacts being due to the bias of gravity and 
possibly some slight bias due to toggle Spring 68, 
until bridging contact 36 is closely adjacent sta 
tionary contacts 26 when toggle Spring 68 is 
moved below its on-center position and Sud 
denly becomes effective to finally move the con 
tacts into engagement rapidly. It will be ob 
served that on manual opening of the circuit, the 
full force of spring 24 becomes effective to open 
the contacts as soon as levers 4 and 4 move 
overcenter, and actual opening of the contacts 
by spring, 24 is independent of the operating 

0 

20 

25 

30 

3 5 

40 

50 

55 

60 

65 

70 

75 

8 
hook stick. Similarly in manually resetting tog 
gle levers C4 and 4 there is no possibility that 
withdrawal of the hook stick after resetting can 
disturb the position of the toggle levers because 
in resetting the hook Stick engages only a lower 
edge surface of hook 22. 
An integrating mechanism for automatically 

moving toggle levers 04 and 4 upwardly over 
center and thus preventing reclosure of the cir 
cuit breaker in response to a predetermined 
number of closely successive circuit interrupting 
operations is provided comprising a cylindrical 
tube 30 clamped or otherwise secured in a lateral 
extension of casting 20 at the top of solenoid coil 
24, and this tube has a plug 32 threaded into the 
lower end thereof with the plug having a small 
central opening controlled by a ball-check valve 
f34, which permits flow of fluid into the lower 
end of tube 30 but prevents out-flow. An in 
tegrating piston 36 is mounted in tube 30 and 
normally rests on the upper end of plug 32, being 
provided with a reduced extension 38 at the 
upper end thereof having a plurality of spaced 
circular flanges 40 forming rack teeth thereon, 
and having an elongated extension 42 of in 
Sulating material on the extreme Outer end there 
of which is positioned below an extension 43 on 
toggle lever 04. A pawl lever 44 is pivotally 
mounted at One end as at 46, this end of pawl 
lever 44 being split with legs located at each 
side of tube 30 and with pivot 46 supported on 
Spaced Supporting flanges f40 integral with cast 
ing 20. Pawl lever 44 has a connecting web in 
termediate its ends, and at the other end thereof 
the sides of the lever are extended outwardly and 
laterally as at 48, to normally be in engagement 
With a Washer 50 mounted on actuating tube 82 
in engagement with a shoulder adjacent the outer 
end of this tube. Pawl lever 44 is normally 
biased into engagement with washer 50 by a coil 
tension Spring 52 hooked over the remote edge 
of the Web of the pawl lever at one end and 
anchored to an ear integral with casting 20 at its 
other end. Pawl lever 44 is provided with a 
pawl member 54 pivoted thereon as at 56, and 
biased by a spring 158 in a counterclockwise di 
rection to a position wherein a portion of pawl 
member 54 engages the connecting web of pawl 
lever 44. 
When the circuit breaker operates to open the 

circuit, Washer 50 will be carried upwardly with 
actuating sleeve 82 and thus carry the free end 
of pawl lever 44 upwardly with it to move pawl 
member 54 into engagement with the upper one 
of flanges 48 on integrating piston 36 to thus 
carry the piston upwardly a predetermined dis 
tance. When the breaker recloses following such 
a first circuit interrupting operation, integrating 
piston f36 is left at the position to which it was 
advanced since pawl member 54 is free to dis 
engage circular flanges 40, and if the breaker 
remains closed, integrator piston 36 will slowly 
reset to the position shown in Fig. 1 due to leak 
age of liquid in cylinder 30 below piston 36 
through the relatively small clearance between 
the cylinder and piston. However, if the break 
er immediately reopens after a first opening and 
reclosing operation, pawl member 54 this time 
Will engage the next lower circular fiange 40 on 
the integrator piston and raise the piston a fur 
ther amount. Subsequent reclosing will result 
then in leaving piston f36 at this further ad 
Vanced position from which it eventually will 
reset if the breaker remains closed. However, in 
the event of a continuing overload, the breaker 
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will continue to open and reclose until finally 
pawl member 54 advances integrator piston 36 
an amount sufficient to cause the upper exten 
sion 42 thereof to engage the extension 43 of 
toggle lever G4 and move this lever upwardly 
overcenter so that toggle spring 24. Will main 
tain the contacts separated in the manner pre 
viously described. It is thus apparent that toggle 
levers 04 and 4 will be automatically moved 
upwardly overcenter to maintain the breaker 
contacts separated only in response to a prede-- 
termined number of closely successive circuit. 
opening and closing operations, usually four such 
operations, however, in the event a lesser number 
of closely successive opening and closing Opera - 
tions occurs, the integrating mechanism will reset 
and the breaker contacts will be automatically 
held open only when the aforesaid predetermined 
number of opening and closing operations occurs : 
in close succession: . Obviously, after the breaker 
contacts have been automatically actuated to a 
position where they are held open by toggle spring 
24, they can be reclosed only by manual Opera 

tion of toggle lever 4 in the manner previously 
described. . . . - - - - - - 

If desired, a counter 160 for registering the 
number of operations of the breaker may be in 
stalled in cover casting 6 adjacent hood portion 
26, and an opening 62 provided through the 
cover casting to render the counter register Wis 
ible from the exterior. The actuating arrn of 
counter 60 is preferably connected by a link...f64 
pivoted at 165 with the adjacent end of toggle 
link 52, and it will be apparent that the counter 
will be operated each time the circuit breaker 
opens and closes the circuit. 

Similarly, a protective gap device 66 prefer 
ably of the expulsion type may be provided to pre 
vent operation of the breaker on voltage surges, 
with the Outer tube of the arrester mounted in 
termediate its ends on an extension 68 of Sup 
porting plate 22 at the underside of Solenoid coil 
24, being secured thereto as by nuts 70 threaded 
on the arrester. tube. One terminal 72 of the 
arrester may be connected with conductor 00 
and one terminal of Solenoid coil 24, with the 
other terminal of the arrester (not shown) - con 
nected with the other terminal of coil, 24 and con 
ductor. 92. This arrester and its particular 
manner of mounting and connection with this 
type of apparatus is more particularly disclosed 
and claimed in our copending application Serial 
No. 694,074 an . Overvoltage Protective Devices, 
filed August 30, 1946, now Patent No. 2,550,124, 
April 24, 1951, and assigned to the same assignee 
of this invention. As stated above, the purpose 
of providing an arrester 66 connected in the 
manner described herein and in the aforesaid co 
pending application is to provide a by-pass to 
protect solenoid coil 24 on voltage surges such, 
for example, as those due to lightning strokes, 
which are not overloads. On the circuit and, con 
sequently, it is not desired that the breaker open 
On Such Surges. 
From the foregoing, it is believed apparent that 

the structure disclosed herein provides in an auto 
matic reclosing circuit breaker of the type having 
electrical means for causing Opening of the break 
er contacts and having the contacts biased to 
automatically reclose when the circuit is opened, 
a contact pressure spring effective to additionally 
bias the breaker contacts into engagement, but . 
which bias is substantially entirely destroyed as 
soon as the contacts Separate a Very short dis 
tance, so that the breaker contacts are substan 
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10 
tially free of said spring bias to separate the 
remaining, distance to their full open position. 
Furthermore, the electrical means for opening the 
breaker contacts is provided with lost motion rela 
tive to the contacts, and this lost notion is emi 
ployed in a circuit opening operation to delay the 
opening time with an inverse time-current 
ciharacteristic and, at the same time Stressing 
a spring whose force-distance characteristic 
closely matches that of the Solenoid opening 
means and eventually overcomes the bias of the 
contact pressure spring, or else the lost motion 
becomes fully, taken up so that the contacts are 
always rapidly separated and moved the prede 
termined short distance necessary to render the 
contact pressure spring inoperative, whereupon 
the lost motion spring becomes effective to rapid 
ly move the breaker contacts to their full open 
circuit position. It is apparent that toggle Spring 
68, while providing adequate contact pressure for 
the particular form of contacts illustrated herein, 
is also important where contacts other than the 
butt type contacts illustrated are employed, in 
order to obtain an extremely rapid final closing 
movement of the contacts, because in closing the 
circuit while the initial and major part of the 
closing movement of the breaker contacts is used 
to obtain a time delay, toggle spring 68 finally 
becomes effective closely adjacent the end of clos 
ing movement to suddenly exert its bias on the 
contact to rapidly close the contacts Substantially 
with a snap action, and this function is important 
whether or not the contact pressure function in 
herent in this structure is used. . . . . . 
With the particular toggle Spring arrangement 

68 disclosed herein wherein it is effective to bias . 
the breaker contacts only when they are at or 
closely adjacent their closed circuit position, it is . 
apparent that the only other bias needed to auto 
natically close the breaker contacts may be 
merely that exerted by gravity which is extremely 
light, So as to offer negligible Opposition to open 
ing noverent of the breaker contacts to their 
fully opened position. This also has the advan 
tage of simplifying design of the means for ob 
taining time delay on closing, since the delaying 
means is subjected only to this relatively light 
closing bias. 
The structure, herein described results in Ob 

taining a full opening stroke of the breaker Con 
tacts on every circuit opening Operation at a 
rapid rate, regardless of the current value of the 
Overload causing Such operation. Thus, any over 
load however Small which is capable of moving . 
Solenoid core 6 upWardly an amount to com- , 
press Spring 85 Sufficiently to Overconne the bias 
of toggle spring 63 will open the contacts at least 
the amount necessary to render toggle spring 68 
ineffective to the extent that Spring 86 is able to 
move the bridging contact 36 to its full open cir 
cuit position. Furthernore, although but a light 
closing bias is exerted on the breaker contacts : 
through the major portion of their closing move 
ment, they are rapidly moved into final engage 
ment by a relatively heavy bias which may be . 
also employed to provide adequate contact pres 
Sure. When butt, type contacts are employed. 
Our invention comprises the novel toggle actu 

atting and lockOut, mechanism and the novel lost 
motion spring arrangement for opening the con 
tacts, taken both separately and collectively, . 
Whereas, certain other features disclosed herein 
are not not our invention; the particular integra 
tor structure including the pawl actuating means 
therefor comprising the invention of J. M. Wall, 
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lace, A. W. Edwards and J. Kraft being disclosed 
and claimed in their copending application Serial 
No. 719,524, filed December 31, 1946, on Circuit 
Interrupters; and the particular contact structure 
and means for extinguishing the arc drawn upon 
separation of the contacts is the invention of J. M. 
Wallace and J. Kraft being disclosed and claimed 
in their copending application Serial No. 718,942, 
filed December 28, 1946, now Patent No. 2,575,738, 
November 20, 1951, on Arc Extinguishing Struc 
tures. 

Having described a preferred embodiment of 
the invention in accordance with the patent 
statutes, it is desired that this invention be not 
limited to this particular construction inasmuch 
as it will be apparent, particularly to persons 
skilled in this art, that many modifications and 
changes may be made in this particular structure 
without departing from the broad spirit and scope 
of this invention. 
We claim as our invention: 
1. In a circuit interrupter, separable contacts, 

at least one of which is mounted for movement 
into and out of engagement with the others 
resilient means reacting between said movable 
contact and a stationary support for biasing Said 
contacts together to effect at least rapid final 
closing movement of said contacts and to exert 
pressure on said contacts when they are in en 
gagement, electro-responsive means for causing 
Separation of said contacts in response to a pre 
determined condition of a circuit, and means 
connected to said movable contact and Said 
resilient means so as to be responsive to a pre 
determined Small initial part of the separating 
movement of said movable contact for rendering 
said resilient means inoperative to exert any 
substantial force on said movable contact, where 
by the remaining contact separating movement 
is substantially uninfluenced by Said resilient 

83.S. 
2. In a circuit interrupter, separable contacts, 

at least one of which is mounted for movement 
into and out of engagement with the others 
resilient means reacting between said movable 
contact and a stationary support for biasing said 
contacts together to effect at least rapid final 
closing movement of said contacts and to exert 
pressure on said contacts when they are in en 
gagement, electro-responsive means for causing 
separation of said contacts in response to a pre 
determined condition of a circuit, means con 
nected to said movable contact and said resilient 
means so as to be responsive to a predetermined 
small initial part of the separating movement 
of Said movable contact for rendering said resil 
ient means inoperative to exert any Substantial 
force on Said movable contact, whereby the re 
maining contact separating movement is Sub 
stantially uninfluenced by said resilient means, 
and said last mentioned means also being actuat 
ed by said movable contact in its closing move 
ment so as to be responsive to contact closing 
movement Substantially to the point in opening 
movement where Said resilient means Was ren 
dered inoperative for rendering said resilient 
means operative to rapidly close said contacts 
and to exert a predetermined contact pressure 
when said contacts are in engagement. 

3. In an automatic reclosing circuit inter 
rupter, separable contacts, electro-responsive 
means for causing separation of said contacts in 
response to a predetermined condition of a cir 
cuit, said contacts being biased into engagement 
to automatically close the circuit in response to 

O 

5 

20 

25 

3. O 

35 

40 

45 

50 

55 

60 

65 

70 

5 

12 
a circuit opening operation, resilient means addi 
tionally biasing said contacts together in the 
same direction as said reclosing bias to effect at 
least rapid final closing movement of said con 
tacts and to exert pressure on said contacts when 
they are in engagement so that contact pressure 
is the Sum of the forces exerted by Said reclosing 
bias and Said resilient means, and means con 
nected to Said contacts and said resilient means 
SO as to be responsive to a predetermined small 
initial part of the separating movement of said 
Contacts for rendering said resilient means in 
operative to exert any substantial force on said 
contacts, whereby the remaining contact separat 
ing movement is substantially uninfluenced by 
Said resilient means. . . . . . . 

4. In an automatic reclosing circuit inter 
rupter, separable contacts, electro-responsive 
means for causing separation of said contacts in 
response to a predetermined condition of a cir 
cuit, Said contacts being biased into engagement 
to automatically close the circuit in response to 
a circuit opening operation, resilient means addi 
tionally biasing said contacts together in the 
Same direction as said reclosing bias to effect at 
least rapid final closing movement of said con 
tacts and to exert pressure on said contacts 
When they are in engagement so that contact 
preSSure is the Sun of the forces exerted by said 
reclosing bias and said resilient means, means 
connected to Said contacts and said resilient 
meanS SO as to be responsive to a predetermined 
Small initial part of the separating movement of 
Said contacts for rendering said resilient means 
inoperative to exert any substantial force on 
Said contacts, whereby the remaining contact 
Separating movement is substantially uninflu 
enced by Said resilient means, and said last 
mentioned means also being actuated in accord 
ance With contact-closing movement so as to be 
responsive to contact closing movement substan 
tially to the point in opening movement where 
Said resilient means was rendered inoperative 
for rendering said resilient means operative to 
rapidly close Said contacts and to exert a pre 
determined contact pressure when said contacts 
are in engagement. 

5. In a circuit interrupter, separable contacts, 
at least one of which is mounted for movement 
into and out of engagement with the others 
resilient means reacting between said movable 
contact and a stationary support for biasing said 
contacts together at least when they are in en 
gagement, electro-responsive means having lost 
motion relative to said movable contact for caus 
ing separation of Said contacts in response to a 
predetermined condition of a circuit, spring 
means stressed to exert a force tending to sep 
arate Said contacts during circuit opening move 
ment of Said electro-responsive means relative 
to Said movable contact, and means connected to 
Said movable contact and said resilient means so 
as to be responsive to a predetermined small 
initial part of the separating movement of said 
contacts for rendering said resilient means in 
Operative to exert any substantial force on said 
contacts, whereby the remaining contact sep 
arating movement is effected by said spring 
means and is Substantially uninfluenced by said 
resilient means. 

6. In an automatic reclosing circuit inter 
rupter, Separable contacts, electro-responsive 
means having lost motion relative to said con 
tacts for causing separation of said contacts in 
response to a predetermined condition of a cir 
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cuit, said contacts being biased into engagement 
to automatically close the circuit in response to 
a circuit opening operation, spring means adapt 
ed to be stressed during movement of said electro 
responsive means relative to said contacts to 
exert a force tending to Separate Said contacts 
which is considerably greater than that of said 
bias, resilient means additionally biasing said 
contacts together in the same direction as said 
reclosing bias at leaSt. When they are in engage 
ment So that contact pressure is the sum of the 
forces exerted by said reclosing bias and said 
resilient means, and means, connected to said 
contacts and said resilient means so as to be 
responsive to a predetermined small initial part 
of the Separating novement of said contacts for 
rendering Said resilient means in operative to 
exert any Substantial force on said contacts, 
whereby the remaining contact separating move 
ment is effected by said Spring means substan 
tially uninfluenced by said resilient means. 

7. In an automatic reclosing circuit inter 
rupter, separable contacts, electro-responsive 
means for causing Separation of said contacts in 
response to a predetermined condition of a cir 
cuit, said contacts being biased into engagement 
to automatically close the circuit in response to 
a circuit opening operation, overcenter spring 
means additionally biasing said contacts together 
in the same direction as said reclosing bias at 
least When they are in engagement so that con 
tact pressure is the Sum of the forces exerted by 
said reclosing bias and said resilient means, said 
Overcenter Spring neans being noved. Substan 
tially to its on-center position in response to a 
predetermined Small initial part of the separat 
ing movement of Said contacts, and stop means 
preventing further movement of Said overcenter 
Spring in the same direction for rendering Said 
overcenter Spring means inoperative to exert any 
Substantial force on said contacts, whereby the 
remaining contact separating movement is sub 
stantially uninfluenced by said resilient means. 

8. In a circuit interrupter, separable contacts, 
at least one of which is mounted for movement 
into and Out of engagement With the others 
overcenter Spring means connected between a 
Stationary Support and Said nowable contact for 
biasing Said contacts together at least When they 
are in engagement, electro-responsive means for 
causing Separation of Said contacts in response 
to a predetermined condition of a circuit, said 
overcenter spring means being moved in response 
to a predetermined small initial part of the con 
tact separating movement of Said nowable con 
tact substantially to its on-center position, and 
stop means preventing movement of Said over 
center spring means overcenter, whereby the re 
maining contact separating movement is sub 
stantially uninfluenced by said overcenter spring 
ea.S. 
9. In a circuit interrupter, separable contacts, 

at least one of which is mounted for movement 
into and out of engagement with the others over 
center spring means connected between a station 
ary support and said movable contact for biasing 
Said contacts together at least When they are in 
engagement, electro-responsive means for caus 
ing separation of Said contacts in response to a 
predetermined condition of a circuit, said over 
center Spring means being moved in response to 
a predetermined Srnal initial part of the contact 
separating movement of Said movable contact 
substantially to its on-center position, stop means 
preventing movement of said overcenter spring 
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means overcenter, whereby the remaining contact 
separating movement is substantially uninflu 
enced by said overcenter spring means, and said 
OVercenter Spring means also being noved by 
said movable contact during its closing movement 
to become Suddenly effective to close said con 
tacts With a Snap action only over said Small 
part of contact movement just prior to final en 
gagement of Said contacts, 

10. In an automatic reclosing circuit inter 
rupter, Separable contacts, at least one of Which 
is routed for novelinent into and out of en 
gagenheit. With the others electro-responsive 
means for causing separation of said contacts in 
response to a predetermined condition of a cir 
cuit, said nowable contact being biased into en 
gagement to automatically close the circuit in 
response to a circuit opening operation, over 
center Spring means connected between a station 
alry support and said movable contact for addi 
tionally biasing said contacts together at least 
When they are in engagement, said overcenter 
spring ineans being moved in response to a pre 
deterined Stall initial part of the contact Sep 
arating noverient of said innovable contact sub 
stantially to its on-center position, stop means 
preventing movement of said overcenter spring 
neans Overcenter, Whereby the remaining con 

tact separating movement is Substantially un 
influenced by said overcenter spring means, and 
Said overcenter Spring means also being moved 
by said novable contact during its closing nove 
inent to become Suddenly effective to close said 
contacts with a Snap action only over said Small 
part of contact movement just prior to final en 
gagement of said contacts. 

il. In an automatic reclosing circuit, inter 
rupter, Separable contacts at least one of which 
is mounted for movement into and out of en 
gagement with the others, electro-responsive 
ineans for causing separation of said contacts in 
response to a predetermined condition of a cir 
cuit, Said movable contact being biased into en 
gagement to autonatically close the circuit in 
response to a circuit opening operation, over 
center Spring Ineans connected between a station 
alry support and said movable contact for addi 
tionally biasing said contacts together at least 
When they are in engagement, said overcenter 
Spring means being moved in response to a pre 
determined Small initial part of the contact sep 
arating novement of said novable contact Sub 
Stantially to its on-center position, stop means 
preventing movement of said overcenter spring 
means overcenter, whereby the remaining contact 
Separating movement is Substantially uninflu 
enced by Said overcenter spring means and said 
overcenter spring means also being moved by 
said movable contact during its closing move 
ment to become Suddently effective to close said 
contacts With a Snap action only over said small 
part of contact movement just prior to final 
engagement of Said contacts, and means respon 
Sive to a predetermined number of closely suc 
cessive circuit opening operations for holding 
said novable contact separated from the other 
of Said contacts, and said overcenter spring 
means at its on-center position. 

12. In a circuit interrupter, separable contacts, 
resilient means biasing said contacts together at 
least When they are in engagement, solenoid 
means having lost notion relative to said con 
tacts for causing Separation of said contacts in 
response to a predetermined condition of a circuit 
and having a non-linear force-distance charac-. 
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teristic, spring means comprising a plurality of 
Spring portions having different Spring charac 
teristics arranged. So that the force-distance 
characteristic of said spring means substantially 
matches that of said solenoid means and adapted 
to be stressed during movement of said: electro 
responsive means relative to said contacts to 
Separate said contacts, and means connected to 
said nowable contact and said resilient means SO 
as to be responsive to a predetermined Small 
initial part of the separating movement of said 
contacts for rendering said resilient means in 
operative to exert any Substantial force on Said 
contacts, whereby the remaining contact sep 
arating movement is effected by Said Spring 
means and is substantially uninfluenced by Said 
resilient means. 

13. In an automatic reclosing circuit inter 
rupter, separable contacts, electro-responsive 
means having lost motion relative to said con 
tacts for causing Separation of said contacts in 
response to a predetermined condition of a cir 
cuit, said contacts being biased into engagement 
to automatically close the circuit in response to 
a circuit opening operation, resilient means addi 
tionally biasing Said contacts together in the 
same direction as said reclosing bias at least When 
they are in engagement so that contact pressure 
is the Sum of the forces exerted by said reclosing 
bias and Said resilient means, Spring means 
adapted to be StreSSed during movement of said 
electro-responsive means, relative to said con 
tacts to exert a force tending to separate said 
contacts which is greater than the resultant force 
due to said reclosing bias and Said resilient 
means, and means connected to said contacts 
and said resilient means so as to be responsive 
to a predetermined small initial part of the sep 
arating movement of said contacts for rendering 
said resilient means inoperative to exert any Sub 
stantial force on said contacts, Whereby the re 
maining contact separating movement is effected 
by said spring means Substantially uninfluenced 
by said resilient means. 

14. In an automatic reclosing circuit inter 
rupter, separable contacts at least one of which 
is mounted for movement into and Out of engage 
ment with the others, electro-responsive means 
for causing Separation of Said contacts in re 
sponse to a predetermined condition of a circuit, 
said movable contact being biased into engage 
ment to automatically close the circuit in re 
sponse to a circuit opening operation, overcenter 
Spring means connected between a stationary 
support and said movable contact for additionally 
biasing said contacts together at least when they 
are in engagement, said overcenter spring means 
being moved in response to a predetermined small 
initial part of the contact separating movement 
of said movable contact Substantially to its on 
center position, stop means preventing movement 
of said overcenter spring means overcenter, 
whereby the remaining contact separating move 
ment is substantially uninfluenced by said over 
center Spring means, and Said overcenter spring 
means also being moved by said nowable contact 
during its closing movement to become suddenly 
effective to close said contacts with a snap action 
only over said small part of contact movement 
just prior to final engagement of said contacts, 
contact opening spring means, lockout toggle 
means normally held at an overcenter position 
where it maintains said contact opening spring 
means inactive, Said contact opening Spring 
means when released adapted to move said over 
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center spring means in a contact opening direc 
tion to separate the contacts and hold them 
separated, and manual means and means respon 
Sive to a predetermined number of closely suc 
cessive circuit opening operations of said inter 
rupter for moving said lockout toggle means over 
center to release said contact opening spring 
leaS. 

15. In an automatic reclosing circuit inter 
rupter, separable contacts, electro-responsive 
means for causing Separation of Said contacts in 
response to a predetermined condition of a cir 
cuit, Said contacts being biased into engagement 
to automatically close the circuit in response to 
a circuit opening operation, Overcenter spring 
means additionally biasing said contacts together 
at least when they are in engagement, said over 
center spring means being moved in response to 
a predetermined Small initial part of the contact 
separating movement Substantially to its on 
center position, stop means preventing movement 
of said overcenter spring means overcenter, 
whereby the remaining contact separating move 
ment is Substantially uninfluenced by said over 
Center spring means and during closing move 
ment of said contact means said overcenter spring 
means becomes suddenly effective to close said 
contacts with a Snap action only over said small 
part of contact movement just prior to final en 
gagement of Said contacts, contact opening spring 
means, lockout toggle means normally held at an 
Overcenter position where it maintains said con 
tact opening Spring neans inactive, said contact 
Opening Spring means When released adapted to 
Separate the contacts and hold them separated, 
and manual means and means responsive to a 
predetermined number of closely successive cir 
cuit opening operations of said interrupter for 
moving said lockout toggle means overcenter to 
release said contact opening spring means, said 
manual means also being movable in an opposite 
direction to reset said lockout toggle means to 
its normal position and having opposed surfaces 
engageable by a manual operating member to 
move Said manual means in both directions re 
Spectively, there being no part of said manual 
means preventing relative separating movement 
of Said member and manual means during move 
ment thereof in either direction. 

16. In an automatic reclosing circuit inter 
rupter, Separable contacts, electro-responsive 
means for causing separation of said contacts in 
response to a predetermined condition of a cir 
cuit, said contacts being biased into engagement 
to automatically close the circuit in response 
to a circuit opening operation, resilient means 
additionally biasing said contacts together in the 
Same direction as Said reclosing bias but with a 
force greater than that exerted by said reclosing 
bias at least when they are in engagement so 
that contact pressure is the sum of the forces 
exerted by said reclosing bias and said resilient 
means, and means movably connected to said 
contacts and Said resilient means and to a rela 
tively Stationary point So as to be actuated by 
Said contacts in response to a predetermined 
Small initial part of the separating movement of 
Said contacts for rendering said resilient means 
inoperative to exert any substantial force on said 
contacts, whereby the remaining contact separat 
ing movement is substantially uninfluenced by 
Said resilient means. 

17. In an automatic reclosing circuit inter 
rupter, separable contacts, electro-responsive 
means for causing separation of said contacts in 



2,622,167 
17 

response to a predetermined condition of a cir 
cuit, said contacts being biased into engagement 
to automatically close the circuit in response to 
a circuit opening operation, overcenter spring 
means additionally biasing said contacts together 
in the Same direction as Said reclosing bias at 
least when they are in engagement so that con 
tact pressure is the sum of the forces exerted by 
Said reclosing bias and Said spring means, said 
Overcenter spring means being moved substan 
tially to its on-center position in response to a 
predetermined small initial part of the separat 
ing movement of Said contacts for rendering said 
Overcenter spring means inoperative to exert any 
Substantial force on said contacts, and said over 
Center Spring means having portions relatively 
pivotally movable about an axis which is substan 
tially coincident with said center when said over 
center Spring means is substantially at its on 
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Separating movement is substantially uninflu 
enced by said resilient means. 

HERBERT L. RAWLINS. 
JAMES M. WALLACE. 

REFERENCES CITED 
The following references are of record in the 

file of this patent: 
UNITED STATES PATENTS 

Number Name Date 
894,645 Hill --------------- July 28, 1908 

1,012,081 Howe -------------- Dec. 19, 1911 
1711,501 Jacobs -------------- May 7, 1929 
2,073,286 Raney -------------- Mar. 9, 1937 
2,117,891 Kalin -------------- May 17, 1938 
2,274,135 Frank et al. -------- Feb. 24, 1942 
2,333,604 Wallace ------------ Nov. 2, 1943 
2,429,069 Murray ------------ Oct. 14, 1947 
2,488,441 Shaw -------------- Nov. 15, 1949 

  


