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1 In circuit-breaking devices having solid con 

tacts, each of the movable contacts is pressed 
against the corresponding fixed contact, gen 
erally by a spring force. Now, principally by rea 
Son of the necessity for extinguishing the arC 
which is set up between the contacts at the in 
stant when they are opened, the direction in 
which the movable contact is opened is towards 
the outside of the loop formed by the conductors 
leading to the contacts, so that the consequent 
electromagnetic forces set up by the current in 
these conductors tend to separate the contacts. 
These forces, which are proportional to the square 
of the current, assume such a value in the event 
of a short-circuit that it tends to annul the con 
tact pressure, so that all the conditions favour 
able to the fusing of the contact studs are pres 
ent in such an event. 
The currents which the device is capable of in 

terrupting thus have an upper limit which may 
be lower than the possible values of the short-cir 
cuit currents met with in practice which results 
in serious difficulties. 
In order to overcome these difficulties, the pres 

ent invention has for an object to provide a device 
for compensating for the electromagnetic repul 
sion force acting on the movable contacts of cir cuit breakers. 
According to the invention, a member through 

which the current flows and on which a movable 
contact is mounted is subjected, in the direction 
of a co-operating fixed contact, to the magnetic 
action of an electromagnet in which the magneto 
motive force is set up by the actual current which 
flows through the said contacts. 
In one embodiment of the invention, the mem 

ber on which the movable contact is mounted is 
Secured to a magnetic armature adapted to be 
attracted by the electromagnet in the direction 
of the fixed contact. 
Thus, as long as the magnetic material of the 

electromagnet and of the armature has not 
reached saturation, the said attraction, which 
tends to bring the contacts together, follows the 
Same law as the repulsion force which tends to 
separate these contacts, whereby the said repul 
ision force is compensated for. 
The electromagnet and its armature prefer 

ably form a magnetic circuit in which, by reason 
of the considerable currents concerned, the mag- i. 
netomotive force is produced by current passing 
through one of the conductors leading to the con 
tacts and forming part of the loop formed by 
the electric circuit. 
The simplest constructions are obtained by 
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using, as the conductor producing the magneto 
motive force, the member on which the movable 
contact is mounted. If the induction is insuffi 
cient, this conductor could obviously be made to 
form one or more turns around one of the 
branches of the magnetic circuit. 
In order to set up forces of electromagnetic 

origin on the member on which thernovable con 
tact is mounted, it is not essential to provide this 
movable member with an armature, because the 
current which passes through it imparts mag 
netic. properties thereto. The electromagnet 
may therefore act directly on the said conduc tor. 

To this end, according to a further feature of 
the invention, the member on which the movable 
contact is mounted passes at least once through 
an air gap in a magnetic element by which it is 
partially surrounded and which constitutes the 
core of the electromagnet, and the said member 
is nowable in relation to the said element in the 
Said air gap in a direction parallel to the sur 
faces defining the air gap, the said element being 
SO positioned that the relative movement of the 
member on which the movable contact is mounted 
takes place in the direction in which the con 
tacts move towards one another and in which 
the magnetic flux generated in the said element 
by the current flowing through the said member increases. 
Calculations and experience show, in this case 

also, that the current flowing through the mem 
ber on which the movable contact is mounted sets 
up on this inenber an attractive force propor 
tional to the Square of the current, which tends 
to urge the contacts one against the other. 
This phenomenon is readily explained by the 

fact that a current flowing through an electric 
circuit develops, on each of the elements of the 
Said circuit, forces which tend to displace or de 
form this element in the direction of an increase 
of the inductance of the circuit. It will also be 
noted that it is by reason of this general phe 
nomenon that the repulsion between the contacts 
is set up which it is proposed to counteract by 
means of the present invention. 
In the compensating device according to the 

invention, the direction of the forces which are 
set up on the member on which the movable con 
tact is nounted corresponds to an increase in 
the Self-induction of this section of the conduc 
tor by an increase in the magnetic flux which 
Surrounds it. 

Briefly, owing to the local concentration, pro 
duced by means of a suitably disposed electro 
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magnet, of a part of the magnetic flux developed 
by the current in the circuit which is formed by 
the contactor, the effects of the remainder of this 
magnetic flux on the member supporting the 
movable contact are counteracted. 
In a preferred embodiment of the invention, 

the member on which the movable contact is 
mounted is pivoted to the movable part of the 
contactor and the core of the electromagnet is 
also mounted on this part. 
Thus, the attractive force created by the elec 

tromagnet not only does not oppose the opening 
of the contacts, but promotes it. In fact, when 
the contacts touch one another, the member 
Supporting the movable contact is held fast and 
the attractive force therefore tends to drive the 
movable part of the contactor in the opposite 
direction, that is to say, in the direction of the 
opening of the contactor. Under these condi 
tions, both with a view to increasing the con 
tact pressure and in order to promote this phe 
nomenon, it may be desirable to so dimension 
the device according to the invention as to over compensate for the electromagnetic repelling 
forces acting on the contacts, which are inherent 
in the design of contactors. 

In the accompanying drawing, there is shown 
by Way of non-limitative example, two embodi 
ments of the invention. In the drawing: 

Figure 1 shows in side view, partly in diagram 
matic form, a unipolar contactor according to 
the invention, the contactor being in the closed 
position. 

Figure 2 is a partial view similar to that of 
Figure 1 showing the contactor in the open posi 
tion. Figure 3 is a Section taken along the line 
III-III of Figure 1. 

Figure 4 is a Side View Similar to that of Fig 
ure 1, showing a modified form of construction, 
and Figure 5 is a section taken along the line 
W-V of Figure 4 and drawn to an enlarged Scale. 
The contactor shown in Figures 1, 2 and 3 con 

prises two fixed terminals and 2, to which lead : 
in and lead out conductors 3 and 4 are connected. 
The terminal 2 is secured to a rigid right-angled 
member 5 which carries a fixed contact stud 6, 
while the terminal is connected by a flexible 
conductor 7 to an arm 8 on which a movable : 
contact stud 9 is mounted. The arm 8 is pivoted 
on a pin in a U-shaped element of mag 
netic metal which, by means of a plate 2 and 
bolts 3, is fixedly secured to an insulating shaft 
4 of the contactor. The said shaft, which is 
of rectangular section, comprises cylindrical 
portions £d, which are journalled in bearings 
not shown. The shaft is adapted to be rotated 
by an electromagnet, diagrammatically illustrated 
at 5, which acts on an armature 6 Secured to 
the said shaft. 
The arm 8 is acted upon by a spring 7 sur 

rounding a bolt 8 extending both through the 
U-shaped element and the said arm, a nut 9 on 
the said bolt permitting adjustment of the force 
excited by the spring 7. The thrust of the spring 
is transmitted to the arm 8 by a plate 2 of mag 
netic material, the edges of which tie opposite the 
arms of the U-shaped element f. Stops 2 
prevent any possible contact between the edges 
of the plate and those of the U-shaped element. 

It will be understood that a multipolar contac 
tor may be constructed in a similar manner, each 
of the poles of the contactor being arranged in 
the manner hereinbefore described. 
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4 
The contactor hereinbefore described operates 

in the following manner: Starting from the open position illustrated in 
Figure 2, when the electromagnet 5 is energised, 
the movable equipment, that is to say, all the 
parts mounted on the shaft 4, pivots about the 
axis O-O in a direction Which moves the mov 
able stud 9 towards the fixed stud 6. After the 
Studs 6 and 9 have come into contact one with the 
other, the remainder of the travel of the movable 
equipment produces compression of the spring T, 
thereby exerting pressure on the two contacts. 
The contactor is held operated by the magnet 5 
and current passes from the conductor 3 to the 
conductor 4. By reason of the fact that the various parts 
through which this current flows are arranged in 
loop form, the arm 8 in particular is subjected 
to an electromagnetic force which tends to move 
it away from the fixed contact 6. For intense 
values of current as in the case of a short-circuit, 
this force may become equal to that of the spring 

7, whereby the contact pressure would be nulli 
fied and fusing of the contacts would be pro 
noted. However, the current flowing through the 
arrn 8 produces in the magnetic circuit formed by 
the U-shaped element if and the plate 20 a. 
magnetomotive force which acts on the plate 2 
across the air gaps 22 to attract the plate to 
Wards the element if and thus compensate for 
the Said repulsion force between the contacts. 

This attractive force, which tends, by reaction, 
to drive the element in a clockwise direction 
as viewed in Figure 1, also combines with an ex 
ternal force, acting on the movable equipment in 
such manner as to cause opening of the contacts. 
The movement of this equipment, in the case of 
tripping due to excess current, is therefore accel 
erated, which accelerated movement assists in 
preventing fusing of the contacts. 

In the constructional example illustrated, the 
Said external force is provided by a return men 
ber (not ShoWn) of the novable equipment, Which 
actS in opposition to the attraction of the elec 
tromagnet 5, the energisation of which is in 
terrupted at the instant of the short-circuit. 
The contact opening force may also be supplied 
by other mechanical means or electromagnet 
ically as in the case of circuit breakers for 
example. The stops 2 limit the compression stroke of 
the spring 7 against the U-shaped element and 
also increase the reluctance of the magnetic Cir 
cuit consisting of the U-shaped element and 
the plate 28, so that although the current may be 
Sufficient to exert a Strong pull at the instant 
when the contacts are closed, the elements it and 
2 do not stick, which night interfere With the 
operation of the device. 
The modified construction illustrated in 

Figures 4 and 5 is similar in its broad form to 
the construction illustrated in Figures 1, 2 and 3, 
and the corresponding members bear the same 
reference numerals. However, the arm 8 has 
no plate 20. 

In this case, the air gap is formed by the 
distance separating the internal faces of a 
U-shaped element 23. When the current flows 
through the arm 8, the magnetic field set up 
by this current is, as in the previously described 
construction, concentrated in the U-shaped ele 
ment and the lines of force of this field extend 
across an air gap 24 from one inner face to 
the other of the U-shaped element, perpendicu. 
larly to these faces. 
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It will be seen that, regardless of the direc 

tion of the current in the arm 8, this arm is 
subjected, by reason of this field, to a force 
which tends to move it inwards, towards the 
Web of the U-shaped element, that is to say in 
a direction which tends to apply the contacts 
6 and 9 one against the other. 

It should be aoted that the novement of the 
arm 8 in the direction of this force tends to in 
crease the Surface of the air-gap Subjected to 
the magnetic field, that is to say, to reduce the 
reluctance of the magnetic circuit, and therefore 
to increase the flux circulating around the arm 
8, which brings about a corresponding increase 
of the inductance of the conductor path con 
stituted by the arm 3. 
In the constructional example illustrated, the 

outer face of the arm 8 lies fiush with the edges 
of the U-shaped element When the contactor 
is in the operative position. However, the arm 
may also project from the U-shaped element. 
In Order to increase the forces exerted on the 

arm 8, it is desirable to reduce the size of the air 
gap 24, which necessitates the use of movable 
arms the cross-section of which is elongated 
in the direction of movement of the movable con 
tact towards the fixed contact. 
While the width of the air gaps 22 of Figures 

1, 2 and 3 is variable and comparatively small, 
the air gap 24 (Figure 5) remains constant and 
is fairly large. The reluctance of the magnetic 
circuit in the Second construction described may 
therefore be greater than in the first. 
Consequently, with equal current strength in 

the arm. 8, Saturation of the magnetic circuit 
may be less rapidly reached, so that it is possible 
to compensate for the repulsion between the 
contacts due to the higher currents. Converse 
ly, this compensating force, which is always pro 
portional to the Square of the current, is lower 
in the Second than in the first construction. The 
latter disadvantage may be obviated by increas 
ing the leverage of this force, that is to say, by 
disposing the U-shaped element at as great 
a distance as possible from the pivot of the arm 
8 without interfering With the disposition of the contacts. 
The construction illustrated in Figure 4 af 

fords a further advantage. A stop 25 is pro 
vided on the element So that when the con 
tacts become worn, the travel of the movable 
contact under compression is limited by the stop 
25. This does not however substantially modify 
the action of the compensating force, while the 
limit of travel by means of the stop 2, in the 
case of the construction of Figures 1 to 3, af 
fects the air gap 22 and therefore the desired compensation. 

It Will be noted that in the constructions ill 
lustrated, the core of the compensating electro 
magnet constitutes the mechanical support for the novable arm 8. 
The construction of the device is thus con 

siderably simplified, but it will be understood 
that the core of the electromagnet could be a 
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member independent of the Support of the mov 
able arm. Similarly, in the case of Figure 1, 
the armature secured to the arm could have the 
sole function of co-operating with this core. 

It will be likewise understood that modifi 
cations may be made in the constructions here 
inbefore described, as for example by Substitu 
tion of equivalent technical roleans, Without de 
parting from the Scope of the present invention. 
What I claim is: 
1. A circuit-breaker comprising a fixed con 

tact element; a pivotally mounted structure 
noyable towards and away from Said fixed COn 
tact element, including a U-shaped magnetic 
core having legs extending aWay from Said fixed 
contact element; a movable contact arm pivot 
ally continected to said structure and extending 
at least partly between the legs of said core; a 
contact element located on Said arm beyond Said 
core with respect to the pivotal connection be 
tWeein said structure and said arm, adapted to 
make contact With said fixed contact element; 
and resilient means interposed between said 
Structure and said arm for urging said arm 
towards said fixed contact element. 

2. A circuit-breaker as claimed in claim 1, 
wherein said movable contact arm carries a 
magnetic anature cc-operating with the ends 
of the legs of the magnetic core. 

3. A circuit-breaker as claimed in claim 1, 
wherein said resilient means comprises a coil 
Spring, one end of which engages said movable 
contact arm while the other end engages an 
adjustable Stop carried by said structure. 

4. A circuit-breaker comprising a fixed con 
tact element; an insulating pivotally mounted 
structure innovable With respect to said fixed 
element into a contact-making and a contact 
breaking position, respectively towards and away 
from Said fixed element; a magnetic U-shaped 
member secured to said insulating structure and 
having flanges extending perpendicularly to the 
pivoting axis thereof and away from said fixed 
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element; an axle acroSS said flanges; a movable 
contact arm pivotally mounted on said axle 
betWeen Said flanges and having a part extend 
ing beyond the end of said U-shaped member; 
a contact element located on said extending part 
of Said arm, adapted to make contact with said 
fixed element; a bolt secured to said U-shaped 
member and extending across both the bottom 
of Said U-shaped member and said contact arm; 
a coil-spring on Said bolt, contacting the sur 
face of Said movable arm remote from said fixed 
element; and a nut screwed on said bolt for ad 
justing the stress of said coil-spring. 
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