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12 Claims. (Cl. 335-15) 

This invention relates to an electric circuit breaker and, 
more particularly, relates to electromagnetic means for 
opposing the contact~repulsion forces developed when a 
high current flows through the circuit breaker. 

In the usual circuit breaker, the conductive path 
through the contacts of the circuit breaker is of a gener 
ally loop-shaped con?guration. Current ?owing through 
this loop-shaped path produces magnetic forces tending 
to enlarge the loop, and these forces are usually in a 
direction tending to open the contacts of the breaker. 
These magnetic opening forces vary in magnitude in ac 
cordance with the square of the current ?owing through 
the breaker, and hence during overcurrent and short cir 
cuit current conditions, extremely high opening forces 
can be developed. A more detailed explanation of how 
these magnetic opening forces are developed is contained 
in my U.S. Patent 3,225,160, assigned to the assignee of 
the present invention. 

If a circuit breaker is closed when a fault is present 
on the line, the above~described high magnetic opening 
forces are abruptly established near the end of a closing 
stroke. These forces tend to oppose the ?nal portion of 
the closing stroke, and it is therefore necessary to pro 
vide high closing forces in order to overcome this 
opposing force and complete the closing operation. In 
conventional circuit breakers, the necessity for providing 
these high forces for closing against short circuits is a 
major determinant of the size of the closing mechanism 
and the mechanism~operator. The higher the closing 
force required, the larger and more powerful the closing 
mechanism and operator needed. 
An object of my invention is to provide a circuit 

breaker which can be closed against short circuit cur 
rents by a small and relatively weak closing ‘mechanism 
and mechanism-operator. 
One approach toward realizing this objective is illus 

trated in U.S. Patent 3,065,317-Streater, assigned to 
the assignee of the present invention. In the circuit 
breaker of the Streater patent magnetic means is pro 
vided for developing a closing, or hold-closed, force on 
the movable contact that varies directly with current 
and is present whenever current is ?owing through the 
contacts. While this particular magnetic means does per 
mit a substantial reduction in the closing force require 
ment for the closing mechanism and operator, it is sub 
ject to the disadvantage that a relatively large opening 
force is needed to overcome the high magnetic closing 
force when it is desired to open the circuit breaker. In 
addition, the high magnetic closing force tends to de 
tract from the speed of opening. 

Accordingly, another object of my invention is to 
provide magnetic means which can provide a high closing 
force for assisting in closing the circuit breaker and 
holding it closed when desired, but yet does not sig 
ni?cantly increase the force required for opening the 
circuit breaker when such opening is desired. 

In carrying out the invention in one form, I provide 
a ?rst contact and a second contact that is movable 
into and out of engagement with the ?rst contact. A 
substantially rigid conductor is mechanically and elec 
trically coupled to said second contact for carrying cur 
rent to and from the second contact. Magnetic means 
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comprising substantially rigid movable structure is pro 
vided for developing a magnetic closing force on said 
conductor which varies directly in accordance with the 
current through said contacts. Releasable holding means 
holds said rigid movable structure in a predetermined 
?rst position when the contacts are engaged. Contact 
opening means operates when the holding means is 
released to drive said rigid structure into engagement 
with said conductor, thereby transmitting contact-open 
ing motion to said conductor. Closing is initiated by driv 
ing said rigid movable structure into said predetermined 
?rst position. Until the rigid movable structure has been 
moved into substantially said predetermined ?rst posi 
tion, the conductor is restrained in a position where 
the contacts are widely separated. But upon movement 
of said rigid movable structure into substantially said 
predetermined ?rst position, the restraint on the con— 
ductor is removed and the conductor is driven by suitable 
biasing means into a position where the contacts engage. 
Such closing movement of the conductor is assisted by 
the magnetic closing force developed by said magnetic 
means when the contacts engage near the end of such 
closing movement. 
For a better understanding of the invention, reference 

may be had to the following description taken in con 
junction with the accompanying drawings, wherein: 

FIG. 1 is a schematic view, partly in section, showing 
a circuit breaker embodying one form of my invention. 
In FIG. 1 the circuit breaker is shown in an open posi 
tion. 

FIG. 2 is a schematic view of the circuit breaker of 
FIG. 1, but with the parts thereof shown in closed 
position. 

FIG. 3 is a sectional view taken along the line 3-—-3 
of FIG. 2. 

FIG. 4 illustrates a modi?ed embodiment of the in 
vention. 

FIG. 5 illustrates another modi?ed embodiment of 
the invention. 

Referring now to FIG. 1, there is shown an electric 
circuit breaker that comprises a pair of separable con 
tacts 11 and 12. The contact 11 is a stationary contact 
and the contact 12 is a movable contact that is vertically 
movable into and out of engagement with the stationary 
contact. In FIG. 1, the contact 12 is shown in its fully 
open position where it is widely spaced from the contact 
11. Closing of the circuit breaker is effected by driving 
contact 12 upward into its position of FIG. 2, where it 
engages contact 11. 

Although this invention, in its broader aspects, is ap 
plicable to many different types of circuit breakers, I 
have shown it embodied in a circuit breaker of the 
vacuum type. Accordingly, the contacts 11, 12 are shown 
located inside a highly evacuated envelope 13 comprising 
a cylindrical insulating casing 14 and upper and lower 
end caps 8 and 15, respectively, joined thereto by vacuum 
tight seals 16. The stationary contact 11 is mounted on 
a stationary conductive rod 9 that is integrally joined to 
the upper end cap 8. The movable contact 12 is mounted 
on a conductive operating rod 17 that projects freely 
through the lower end cap 15. A ?exible metal bellows 
18 between the lower end cap 15 and the operating rod 
17 permits vertical movement of the rod 17 without 
impairing the vacuum inside the envelope 13. 

For carrying current to and from the movable contact 
12, a rigid conductive cross-bar 20 is rigidly attached to 
the conductive operating rod 17 at its lower end. This 
conductive cross-bar 20 is pivotally mounted at one end 
on a stationary pivot 21 carried by the lower end cap 15. 
A conductor 23 is suitably joined to the cross-bar 20 at 
its opposite end for carrying current to and from the cross 
bar. 
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Part of the force for driving the contact 12 upwardly 
through its closing stroke is derived from a tension spring 
24. This tension spring 24-, which is connected between 
the conductive cross-bar 20 and a ?xed point 26, urges 
the cross-bar 20‘ in a counterclockwise closing direction. 
When the interrupter is in its open position of FIG. 1, 
the cross-bar 20‘ is restrained in its illustrated position by 
means of a releasable latch 28 which acts on a latch roller 
30 carried by the cross-bar 20. The latch 28 is biased in 
to its illustrated positioned by a torsion spring 31 tending 
to pivot the latch counterclockwise about its stationary 
pivot 32. When latch 28 is pivoted in a clockwise direc 
tion about pivot 32 by means soon to be described, latch 
roller 30 is released‘ and spring 24 is free to drive cross 
bar 20 together with contact 12 through an upward clos 
ing stroke. 
Near the end of the upward closing stroke of movable 

contact 12, current will begin ?owing through contacts 
11, 12 via a path that extends through parts 9, 11, 12, 
17, 20 and 23. As pointed out hereinabove, this current 
produces a magnetic force opposing closing that varies 
directly in accordance with the square of the current. If 
only a low current ?ows, then spring 24 acting alone can 
provide su?icient force to complete the closing operation 
against this minor opposition and to maintain the contacts 
12 and 11 in engagement. But if the current is a high 
current, then much higher closing forces are needed to 
complete the closing operation and to maintain the con 
tacts engaged. For providing this supplemental closing 
force, I rely, in one form of my invention, upon U-shaped 
structure 40 of low retentivity magnetizable material, 
e.g., soft iron. As best shown in FIG. 3, this U-shaped 
structure 40' or yoke comprises a pair of spaced-apart legs 
42 and a bight portion 43 joining the legs. Between the 
legs 42 is an open-sided recess 44 into which the cross 
bar 20 moves during a closing operation. 

This magnetizable structure 40 acts in the general man 
ner described in the aforesaid Streater patent to provide 
an upward closing force on the cross-bar 20 that varies 
in accordance with the square of the current through the 
cross-bar 20‘. Brie?y summarizing, current ?owing through 
the crossbar 20v creates magnetic ?ux around the bar 
which is depicted by the lines of force 41 in FIG. 3. These 
lines of force follow a magnetic circuit extending through 
the U-shaped magnetic structure 40 and then across the 
air gap extending between the legs 42 of the magnetizable 
structure. In this ‘magnetic curcuit, the air gap is in series 
with the magnetizable structure 40. The cross-bar 20 is 
positioned in this air gap when the contact 12 is in its 
fully-closed position of FIGS. 2 and 3. A conductor lo 
cated in such an air gap will tend to move into a position 
wherein the reluctance of the surrounding magnetic cir 
cuit is a minimum, and thus there is a tendency for con 
ductor 20 to move upwardly toward the bight 43 of the 
U-shaped structure 40. 
The force tending to move conductor 20 toward the 

bight 43 varies in magnitude as a direct function of the 
square of the current through conductor 20. Thus, as the 
current increases, increased magnetic forces are developed 
at magnetic structure 40 for driving the contacts fully 
closed and for holding them closed. 

The direction of this magnetic force is independent of 
the polarity of the current ?owing through conductor 20 
since, irrespective of the direction of the lines of force 
traversing the air gap, the position of conductor 20 where 
the reluctance of the magnetic circuit will be a minimum 
is still toward the bight 43 of the U-shaped structure 40. 
The magnitude of this magnetic force depends primarily 
upon the flux density of the magnetic ?eld in the gap, and 
this ?ux density is substantially independent of the polarity 
of the current. In this latter regard, the low retentivity of 
the magnetizable material assures that the ?ux density 
will be substantially the same for a given value of current, 
whether such value is negative or positive. 
The magnitude of the force urging the cross bar toward 
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4 
bight 43 of U-shaped structure 40 is dependent upon the 
width of the structure 40 (depicted at W in FIG. 2) and 
varies as a direct function of this width W. In a preferred 
form of my invention, this width W is made su?iciently 
large that the closing force developed at magnetic struc 
ture 40 for any given current is greater than the electro 
magnetic loop forces tending to force the contacts open. 
Thus, for any given current, a net force is present tending 
to hold the contacts closed or to drive them closed if not 
already fully closed. This net force increases as current 
?owing through the contacts increases. This net closing 
force will prevent the contacts from being blown open by 
the magnetic loop forces without requiring any assistance 
from the closing spring 24. This net force simply urges 
contact 12 more ?rmly against stationary contact 11 as 
the current increases. It the contacts 12 and 11 are not 
fully closed when current is ?owing through the cross 
bar 20, this net force will move contact 12 into full en 
gagement with contact 11 and hold it there. 

For reasons which will soon be explained, the magnetiz 
able structure 40 is a movable member that is movable 
into its position of FIG. 2 and held in such position prior 
to movement of the crossbar 20 into its contact-engaged 
position of FIG. 2. FIG. 1 shows the magnetizable struc 
ture 40 in a lowered position that it occupies when the cir 
cuit breaker is open. A circuit breaker-closing operation 
is initiated by driving magnetizable structure 40 upward 
ly from its open position of FIG. 1 into its closed position 
of FIG. 2. This upward movement causes magnetizable 
structure 40 to engage and trip latch 28, thereby allowing 
tension spring 24 to drive cross~bar 20 and movable con 
tact 12 into their contact-engaged position of FIG. 2, as 
explained hereinabove. 

For transmitting the above-described upward force to 
magnetizable structure 40, I provide an insulating oper 
ating rod 45. This operating rod 45 is rigidly connected 
to magnetizable structure 49 by means of a U~shaped in 
sulating yoke 46, best shown in FIG. 3. The U-shaped 
insulating yoke 46 contains a recess 47 that aligns with the 
recess 44 in the magnetizable member 40. Suitable con 
necting means (not shown) are provided for rigidly cou 
pling parts 40 and 46 together. An opening spring 48 acts 
on the operating rod 45 and biases it downwardly toward 
its position of FIG. 1. 

For driving the operating rod 45 and the magnetizable 
structure 40 into their elevated position of FIG. 2 and 
for holding them in such position, I provide a mechanical 
ly trip~free closing mechanism 50‘ coupled to the lower 

‘ end of the insulating operating rod 45. Closing mechanism 
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50 comprises a pair of toggle links 52 and 54‘ pivotally 
joined together at a knee 55. One of the toggle links 52 
is pivotally connected at its opposite end to the lower 
end of the operating rod 45 by means of a pivot pin 56. 
The other toggle link 54 is pivotally connected by pivot 
pin 58 to the upper end of a guide link 59. This guide 
link 59 is pivotally supported at its lower end on a ?xed 
fulcrum 60 and is biased toward its position of FIG. 1 
by a suitable reset spring 60a. The pivot pin 58 carries 
a latch roller 61 which cooperates with a suitable trip 
latch 62. Trip latch 62 is arranged to be operated in re 
sponse to predetermined circuit conditions by means of a 
suitable conventional tripping solenoid 64. Typically, the 
tripping solenoid 64 is suitably connected to be operated 
in response to an overcurrent through the power circuit 
through the breaker. 

So long as trip latch 62 remains set, i.e., in its latching 
position of FIG. 1, toggle 52, 54 is capable of transmitting 
thrust to movable operating rod 45. Thus, when knee 55 
is driven to the right from its position shown in FIG. 1, 
the toggle 52, .54 is extended and drives operating rod 45 
upwardly against the bias of opening spring 48. FIG. 2 
illustrates the position of the parts after knee 55 has been 
moved to the right to effect circuit breaker-closing. This 
closing motion of knee 55 from it position of FIG. 1 to 
its position of FIG. 2 is produced by the action of a rota 
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table cam 70 cooperating with the usual roller 72 which is 
mounted at the knee 55. When cam 70 is rotated counter 
clockwise from its position of FIG. 1 to its position of 
FIG. 2 by a suitable operator (not shown), it drives knee 
55 to the right, thereby extending toggle 52, 54 and driv 
ing operating rod 45 and magnetizable structure 40 
through their upward closing stroke. Cam 70 has a con 
stant radius portion 73 that holds the magnetizable struc 
ture in its extreme upward position during the ?nal rota 
tion of cam 70 preceding its entry into the position of 
FIG. 2. 
As previously pointed out, when magnetizable struc 

ture 40 nears the end of its upward closing stroke, it trips 
latch 28, thus allowing tension spring 24 to drive cross 
bar 20 and movable contact 17 upwardly into their con 
tact-engaged position of FIG. 2. Well ahead of the point 
at which movable contact 12 engages contact 11, the mag 
netizable structure 4-0 has been moved through the ?nal 
portion of its closing stroke and into its uppermost posi 
tion of FIG. 2, where it is held by knee roller '72 resting 
on the constant-radius portion 73 of cam '70. 
When movable contact 12 touches stationary contact 

11 at the end of its closing stroke, the current that flows 
through cross~bar 20 causes magnetiza-ble structure 40 to 
develop the above-described closing force on cross-bar 
20. As was previously pointed out, this magnetic closing 
force varies directly in accordance with the square of the 
current and is made high enough to drive the contact 12 
into its ?nal position against any short circuit currents 
that the circuit breaker will encounter. 
The magnetizable member 40 and the insulating yoke 

46 that is rigidly coupled thereto may be thought of as 
constituting substantially rigid movable structure that is 
releasably held in its position of FIG. 2 by the trip latch 
62 and closing cam 70 acting through linkage 50, 4.5. 

Tripping open of the circuit breaker is effected by ener 
gizing solenoid 64 suf?ciently to drive trip latch 62 clock 
wise about its stationary pivot 65 against the bias of a suit 
able reset spring 66. Should latch 62 be tripped when the 
circuit ‘breaker is closed, or even during a closing stroke, 
the pivot 58 ‘will be freed by such tripping action, thus no 
longer serving as a stationary reaction point for toggle 
52, 54. This will render toggle 52, 54 inoperable to trans 
mit thrust to movable operating rod 45, and as a result, 
opening spring 48 will be free to drive operating rod 51 
downwardly into its open position. 

Because the mechanism 50 is of the mechanically trip 
free type, it will be apparent that opening can be initiated 
without moving the cam 70 out of its position of FIG. 2. 
This is highly desirable because a relatively long time 
would be required to suf?ciently move the cam 76, and 
this would undesirably delay opening. Relying instead 
upon the trip latch 62 for collapsing the mechanism 50 to 
initiate opening enables opening to be initiated much more 
quickly. 

During the tripping-open operation, the rigid movable 
structure 40, 46 moves downwardly with the operating rod 
45, and after. a predetermined amount of downward mo 
tion, magnetizable member 40 strikes the cross-bar 20. 
This drives cross-bar 20 in a clockwise opening direction 
against closing spring 24, thus rapidly disengaging con 
tacts 12 and 11 to open the breaker. 

Although magnetizable ‘means 40 tends to hold the 
contacts in engagement under normal closed-circuit condi 
tions, it does not interfere with the above-described open 
ing and, as a matter of fact, actually aids it. In this regard, 
note that when the parts are in their closed position of 
FIGS. 2 and 3, the magnetic force developed at magnetiz 
able structure 40 acts on the magnetizable yoke 40 in a 
downward direction. But during this period the magnetiz 
able yoke 40 is prevented from moving downwardly by 
the closing cam 70 acting on roller 72. However, when 
trip latch 62 is tripped, this downward force on magnet 
izable structure 40 is free to accelerate downward motion 
of magnetizable structure 40 until it impacts against cross 
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bar 20. When magnetizable yoke 40 touches cross-bar 20, 
the electromagnetic force disappears insofar as the moving 
system is concerned. Thereafter the opening spring 48 
drives cross-bar 20 and contact 12 into their fully open 
position against the relatively light closing spring 24;. When 
cross-bar 20 reaches its fully-open positon, hold-open latch 
28 falls into place behind roller 30, thus holding the cross 
bar 20 and movable contact 12 fully open. 

It will be apparent from the immediately-preceding 
paragraph that the opening spring 48 is not required to 
overcome the magnetic force that holds the contacts 
closed. As a matter of fact, it is assisted by this force 
during a tripping operation. It will therefore be apparent 
that the opening spring 48 can be a relatively light spring. 
Although the opening Spring must operate against clos 
ing spring 24, this does not impose much of a burden on 
it since the closing spring 24 is also relatively light. In this 
regard, recall that the closing Spring 24, in producing 
closing, is not required to overcome any magnetic loop 
force opposing closing since the force for this latter pur 
pose is derived from magnetizable structure 40. 

It should be apparent from the above description that 
operating mechanism 50 may also be relatively small and 
weak. All that is required of this mechanism 50 and its 
operator in terms of closing force is the ability to drive 
the magnetizable structure 40 from its position of FIG. 1 
to its position of FIG. 2 against the opening spring 48. 
Since, as explained above, the opening spring can be rela 
tively light, the mechanism 50' and its operator are called 
upon to overcome only a small opposing force. The mech 
anism 50 and its operator therefore can be small and rela 
tively weak and inexpensive. It is to be understood, how 
ever, that mechanism 50‘ and operating rod 45 must have 
su?icient rigidity to be able to hold the magnetizable 
structure 40 in its position of FIG. 2 against the mag 
netic closing force developed at 40 tending to move mag 
netizable structure 40 downward. 
The operator (not shown) for mechanism 50 is not 

required to supply closing force for overcoming the usual 
magnetic loop force opposing closing since, as explained 
above, such closing force is supplied entirely by the ac 
tion of magnetizable structure 40. Since the operator for 
mechanism 50 is relieved of overcoming these magnetic 
loop forces, it will be apparent that no more force is re 
quired of the mechanism operator when closing under 
short circuit conditions than when closing under no-load 
conditions. In either case, all that is required of the op 
erator for mechanism 50 is to drive the magnetizable yoke 
40 upwardly from its positon of FIG. 1 to its position 
of FIG. 2, and this is done before any current flows 
through the circuit breaker and thus without regard to 
any magnetic loop forces opposing closing. 
A related advantage is that I am not required to dis 

sipate the large excess of energy that is present in most 
circuit breakers when closing on light currents. In this 
regard, most circuit breakers have a powerful closing 
means capable of supplying all the energy needed to close 
against short circuit currents. When closing against low 
currents, there is a large amount of excess energy, unused 
for closing, which must be effectively dissipated to prevent 
damage to the circuit breaker or other harmful effects. 
My closing means develops closing energy in direct pro 
portion to the current, and thus there is no large amount 
of excess energy to dissipate when closing on light cur 
rents. 

FIG. 4 shows a modi?ed form of the invention, where 
an overcenter spring 80v is employed instead of latch 28 
of FIG. 1 in order to hold the contacts open until the 
magnetizable structure 40 is driven upwardly into substan 
tially its fully-closed position. This over-center spring 85) 
has one end connected to the cross-bar 2t) and its other end 
connected to a carrier link 82 that is pivotally supported 
on a stationary pivot 84. The connection of spring 80‘ to 
cross-bar 20 is through a pin 81, and the connection to 
carrier link 82 is through a pin 83. The carrier link 82 is 
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coupled to the insulating yoke 46 by means of a pin and 
slot connection 86, 88. Pin 88 is a transverse pin ?xed 
to the yoke 46 and received in a slot 86 in the carrier link 
82. 

FIG. 4 illustrates the parts in the fully-open position. 
When operating rod 45 is driven upwardly (in the same 
manner as explained relative to FIGS. 1-3) the insulat 
ing yoke 46, acting through pin and slot connection 86, 
88, drives carrier link 82 in a closing direction about its 
stationary pivot 84. After a predetermined amount of such 
closing motion by carrier link 82, spring 80 passes across 
a line connecting pins 21 and 81. Prior to this instant, the 
over-center spring was urging the cross-bar 20 in a coun 
terclockwise opening direction about pivot 21. But when 
the spring 80 passes over-center, the spring acts to drive 
cross-bar 20 in a counter-clockwise closing direction. This 
drives movable contact 12 toward engagement with sta 
tionary contact 11. Magnetizable structure 40 acts in the 
same manner as previously explained to supply the closing 
force to overcome any opposing magnetic loop forces 
that might be established when the contacts 12, 11 touch 
at the end of the closing operation. 
An opening operation of the interrupter of FIG. 4 is 

effected in the‘ same manner as described with respect to 
FIGS. 1-3. More speci?cially, magnetizable structure 40 
is driven downwardly by an opening spring (48 of FIG. 
2) to impact against cross-bar 2t) and drive the contacts 
apart. 
The carrier link 82 is reset during such an opening 

operation by means of the pin and slot connection 86, 88. 
More speci?cally, downward motion of insulating yoke 
46 is imparted through the pin 88 to carrier link 82 to 
drive carrier link 82 counterclockwise into its open posi 
tion of FIG. 4. 

It will be apparent that with either of these embodi 
ments, I am able to close the circuit breaker against maxi 
mum short circuit currents without requiring any sub 

. stantial additional energy from the operator for mecha 
nism 50 beyond that required at no-load. With either 
embodiment, I am able to hold the contacts closed 
regardless of current magnitude so long as the trip latch 
62 remains latched. Nevertheless, I can open the contacts 
freely regardless of current magnitude once the latch 
62 is tripped. 
FIG. 5 shows another embodiment of my invention. 

In the embodiment of FIG. 5, the rigid conductor 20 
and the hold~open latch 28 are of substantially the same 
construction as correspondingly-designated parts in FIGS. 
1 and 2, but the magnetic closing-force-producing means 
is somewhat different. In FIG. 5, this magnetic closing 
force-producing means comprises a second rigid conduc 
tor 100 that is pivotally mounted on a stationary pivot 
102. This second conductor 100 is electrically connected 
to the ?rst conductor 20 through ?exible braid 104 con 
nected between the free ends of rigid conductors 26 and 
100. A terminal conductor 23 is provided at the opposite 
end of conductor 1%. When the interrupter is closed, 
current can flow between this terminal conductor 23 and 
the movable contact rod 17 through a U-shaped conduc 
tive path that is constituted by the series combination 
of parts 100, 104, and 20. When the interrupter is open, 
as shown in FIG. 5, no current ?ows through this U 
shaped path. 

A. closing operation is initiated by driving lower con 
ductor 100 upwardly into a predetermined ?rst posi 
tion where it is rigidly held by closing cam 70, corres 
ponding to cam 70 of FIGS. 1 and 2. In the illustrated 
form of the invention, this operation is effected by force 
transmitted through trip-free closing mechanism 59 and 
an operating rod 45 suitably interconnecting mechanism 
50 and conductor 1%. Components 45 and 5t; corre 
spond to identically-designated components in FIGS. 1 
and 2. Near the end of its closing stroke, the rigid con 
ductor 1% acts through a yoke'10‘6 to trip the hold~open 
latch 28. This enables closing spring 24 to drive con 
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ductor 20 and movable contact 12 upwardly into their 
respective contactengaged positions. 

In the embodiment of FIG. 5, the magnetic closing 
force for closing against high currents is derived from 
the interaction of the magnetic ?elds about conductors 
100 and 20. In this respect, when the contacts touch near 
the end of a closing stroke; current, in traversing the U 
shaped conductive path 100, 104, 28, ?‘ows through the 
adjacent rigid conductors 100‘ and 20 in opposite direc 
tions, as indicated by dotted-line arrows 107. The inter 
action of the magnetic ?elds about the oppositely con 
ducting adjacent conductors 108 and 28 produces a mag 
netic repulsion force that tends to separate the conduc 
tors 100 and 20. Since the lower conductor 100 is then 
latched in its uppermost position by the closing cam 70, 
this repulsion force acts on the movable conductor 20 to 
complete its upward closing motion and to maintain the 
contacts engaged. 
The magnitude of this closing force is dependent upon 

the length of the conductors 2t) and 100 disposed to the 
right of contact rod 17 and varies as a direct function 
of this length as well as of the current then ?owing 
through the conductors 20 and 100. In a preferred form 
of the invention, these conductors 20 and 100 are made 
su?iciently long that the closing force developed between 
conductors 20 and 100 for any given current is greater 
than the electromagnetic loop forces tending to force the 
contacts open. As in the embodiments of FIGS. 1-4, a 
net force is present for any given current tending to hold 
the contacts closed or to drive them closed if not already 
closed. 
An opening operation is initiated in the embodiment of 

FIG. 5 by tripping the latch 62. This frees the lower con 
ductor 100 for downward movement. The conductor 100 
moves rapidly downward under the bias of opening spring 
48 and the additional bias of the magnetic repulsion force 
between conductors 20 and 100. After a predetermined 
amount of such downward motion, the yoke 106 strikes 
the upper conductor 20 to drive it downward through its 
contact-opening stroke. 

Until the yoke 106 engages the conductor 20, the mag 
netic repulsive force between conductors 26‘ and 100 acts 
in a closing direction on the conductor 20 and contact 
12; but when the yoke 106 engages conductor 20, the 
magnetic force disappears insofar as the moving system 
is concerned. Thereafter, opening spring 48 drives con 
ductor 2i) and contact 12 into their fully-open positions 
against relatively light closing spring 24. When conductor 
28 reaches its fully-open position, latch 28 falls into 
place behind roller 30, thus holding conductor 20 and 
movable contact 12 fully open. 

In each of the illustrated embodiments, the magnetic 
force which tended to hold the contacts engaged under 
normal-closed contact conditions is utilized to assist the 
opening operation when trip latch 62 is tripped. For ex 
ample, in FIGS. 14, when latch 62 is tripped, this mag 
netic force drives the yoke 40 downwardly against con 
ductor 2t), and in FIG. 5 this magnetic force drives the 
yoke 1% downwardly against conductor 20. Since this 
magnetic force varies as a direct function of the current 
then ?owing, it will be apparent that an opening force 
varying directly with current is provided. Providing an 
opening force that varies directly with current is desirable 
because the speed of contact-separation normally varies 
directly with the magnitude of this force. Thus, contact 
separation is made to take place at higher speeds for 
higher currents. This relationship appears to contribute to 
improved interrupting performance by the interrupter. 

This invention has particular applicability to a vacuum 
type circuit breaker because under certain conditions the 
interrupting performance of such circuit breakers appears 
to be sensitive to the amount of contact pressure that 
is present immediately before opening. More speci?cally, 
it appears that the ability of a vacuum circuit breaker 
to switch predominantly-capacitive circuits is improved 
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when the contact pressure during this interval is low. 
Since capacitive circuits typically involve low currents, 
my circuit breaker normally applies only low pressures 
during the interval preceding opening and thus will ex 
hibit improved capacitance-switching ability, Despite this 
improved capacitance-switching ability, there is no im 
pairment of the breaker’s ability to close and remain closed 
under high current conditions since closing force varying 
directly with current is developed, as was pointed out 
hereinabove. In the usual circuit breaker, the high force 
required for high currents is also present during low cur 
rents. This latter relationship, if present in a vacuum cir 
cuit breaker, appears to detract from the breaker’s capaci 
tance-switching ability. 

While I have shown and described particular embodi 
ments of my invention, it will be obvious to those skilled 
in the art that various changes and modi?cations may be 
made without departing from my invention in its broader 
aspects; and I, therefore, intend in the appended claims 
to cover all such changes and modi?cations as fall Within 
the true spirit and scope of my invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
1. An electric circuit breaker comprising: 
(a) a ?rst contact and a second contact movable into 
and out of engagement with said ?rst contact, 

(b) a substantially rigid conductor mechanically and 
electrically coupled to said second contact for carry 
ing current to and from said second contact and hav 
ing a closed-circuit position where said contacts are 
engaged, 

(c) magnetic means comprising substantially rigid 
movable structure for developing a magnetic closing 
force on said conductor which varies directly in ac 
cordance with the current through said contacts, 

((1) means including releasable holding means for hold 
ing said rigid movable structure in a predetermined 
?rst position when said contacts are engaged, 

(e) contact-opening means operable when said holding 
means is released for driving said rigid structure into 
engagement with said rigid conductor thereby trans 
mitting contact-opening motion to said conductor, 

(f) closing means for returning said rigid movable 
structure to said predetermined ?rst position to initi 
ate a closing operation of said circuit breaker, 

(g) restraining means e?ective while said rigid mova— 
ble structure is moving through said return travel 
for holding said conductor in a position where said 
contacts are Widely separated, 

(h) and closure-assisting means for rendering said re 
straining means inetfective following movement of 
said rigid movable structure substantially into said 
predetermined ?rst position and for thereafter driv 
ing said rigid conductor into said closed~circuit posi 
tion ‘where said contacts are engaged. 

2. The circuit breaker of claim 1 in which said rigid 
conductor constitutes a ?rst substantially rigid conductor 
and said rigid movable structure comprises a second 
substantially rigid conductor located adjacent said ?rst 
conductor, means for connecting said ?rst and second 
rigid conductors in series and for causing current to ?ow 
through said adjacent conductors in opposite directions 
to produce a repulsive magnetic force therebetween which 
constitutes at least a portion of said magnetic closing 
force. _ 

3. The circuit breaker of claim 1 in which said sub 
stantially rigid movable structure comprises a member of 
low retentivity magnetizable material ‘forming a portion 
of the magnetic circuit for ?ux generated by current ?ow 
ing through said conductor, said magnetizable member 
having a recess into which said conductor is movable to 
decrease the reluctance of said magnetic circuit, said con 
ductor being positioned in said recess when said contacts 
are engaged, said magnetic circuit containing in series with 
said magnetizable member a gap in which said conductor 
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is located when positioned in said contact-engaged posi 
tion within said recess, whereby a magnetic force is then 
exerted on said conductor tending to hold said contacts 
engaged. 

4. The circuit breaker of claim 1 in which said rigid 
movable structure comprises a member of low retentivity 
magnetic material toward which said conductor is mag 
netically biased when located adjacent said magnetizable 
member and carrying current. ' 

5. The circuit breaker of claim 1 in which said closure 
assisting means comprises means responsive to movement 
of said rigid movable structure substantially into said pre 
determined ?rst position. 

6. The circuit breaker of claim 1 in which: 
(a) said restraining means comprises a hold-open latch 

for holding said conductor in said contact-separated 
position, and 

(b) said closure-assisting means comprises means for 
releasing said hold-open latch in response to move 
ment of said rigid movable structure substantially 
into said predetermined ?rst position. 

7. The circuit breaker of claim 1 in which said re 
straining means and said closure-assisting means com 
prise an overcenter spring that biases said conductor to 
ward said contact-separated position during initial clos 
ing movement of said rigid movable structure toward said 
predetermined ?rst position but biases said conductor to 
ward said contact-engaged position when said rigid mov 
able structure has moved substantially into said predeter~ 
mined ?rst position. 

8. The circuit breaker of claim 1 in which said closing 
means comprises a mechanically trip-free linkage coupled 
to said rigid movable structure; said linkage comprising a 
releasable latch which, when set, maintains said linkage 
in a condition to transmit holding force to said rigid mov 
able structure for holding said rigid movable structure in 
said predetermined ?rst position; said latch, when re 
leased, rendering said linkage ine?ective to transmit said 
holding force to said rigid movable structure. 

9. The circuit breaker of claim 1 in which said cir 
cuit breaker is a vacuum-type circuit breaker compris 
ing a highly-evacuated envelope in which said contacts 
are located. 

10. The circuit breaker of claim 1 in which, upon re 
lease of said holding means, said rigid movable struc 
ture is driven into engagement with said conductor with 
a contact-opening force that varies directly in accordance 
with current then ?owing through said contacts. 

11. An electric circuit breaker comprising: 
(a) a ?rst contact and a second contact movable into 

and out of engagement with said ?rst contact, 
(b) a substantially rigid conductor mechanically and 

electrically coupled to said second contact for carry 
ing current to and from said second contact, 

(c) substantially rigid movable structure including a 
member of low retentivity magnetizable material 
forming a portion of the magnetic circuit for ?ux 
generated by current ?owing through said conductor, 
said magnetizable member having a recess into which 
said conductor is movable to decrease the reluctance 
of said magnetic circuit, 

(d) means including releasable holding means for hold 
ing said magnetizable member in a predetermined 
?rst position wherein said conductor is positioned in 
said recess when said contacts are engaged, 

(c) said magnetic circuit containing in series with said 
magnetizable member a gap in which said conductor 
is located when positioned in said contact-engaged 
position within said recess, whereby a magnetic force 
is then exerted on said conductor tending to hold 
said contacts engaged, 

(f) contact-opening means operable when said hold 
ing means is released for driving said rigid movable 
structure into engagement with said conductor, there 
by transmitting contact-opening motion to said con 
ductor through said rigid movable structure, 
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(g) closing means for returning said magnetizable 
member to said predetermined ?rst position to initi 
ate a closing operation of said circuit breaker, 

(h) restraining means effective while said magnetizable 
member is moving through said return travel for 
holding said conductor in a position where the con 
tacts are widely separated, 

(i) and closure-assisting means for rendering said re 
straining means ineffective following movement of 
said magnetizable member substantially into said pre 
determined ?rst position and for thereafter driving 
said rigid conductor into said contact-engaged posi 
tion within said recess. 

12. An electric circuit breaker of the vacuum-type 
comprising: 

(a) .a ?rst contact and a second contact movable into 
and out of engagement with said ?rst contact, 

(b) a highly evacuated envelope enclosing said con 
tacts, 

(c) a rigid conductor outside said envelope mechani~ 
cally and electrically coupled to said second contact 
for carrying current to and from said second con 
tact, 
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(d) ‘magnetic means for developing a magnetic closing 

force on said conductor which varies directly in ac 
cordance with the current through said contacts, 

(e) opening means for substantially eliminating said 
magnetic closing force while current is still ?owing 
through said contacts, thereby reducing the force re 
quired for separating said contacts, and 

(f) means for rendering said magnetic means effective 
during a circuit breaker-closing operation to develop 
said magnetic closing force when a current path is 
?rst established through said contacts during closing. 
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