
June 4, 1963 A. L 
ELECTRODYNAMIC FORC 

ATOU R 3,092,699 
E-CCMPE ATION PRESSURE 

CONTACTS FOR CIRCUI REAKERS 
Filed Dec. 17, 1959 

Fig! 
Pv 

Ll L2 

4 Sheets-Sheet 1 

Fig. 2 

Fig.4 
Pv \/ (P P 

Ll 
L\- ‘V 

L2 

L____. 
——> 

Fig.6 

P/?kp 
L:_ /L\ L-2 

, I, l L'\ L2 
L L 

INVENTORI 

—>- r‘LLafoa/g 

BY yQMAMQ M 
ATTORNEYS’ 



June 4, 1963 A LATOUR 3,092,699 
ELECTRODYNAMIC FBRCE-COMPENSATION PRESSURE ' 

CONTACTS FOR CIRCUIT BREAKERS 
Filed Dec. 17, 1959 4 Sheets-Sheet 2 

(NVENTOR -' 

A. La/our 

ATTORNEYS 



June 4, 1963 A. LATOUR 3,092,699 
ELECTRODYNAMIC FORCE~COMPENSATION PRESSURE 

CONTACTS FOR CIRCUIT BREAKERS 
Filed Dec. 17, 1959 4 Sheets-Sheet a 

INVENTOR -‘ 

4. La/our 

BY 

TTORNEYS 



June 4, 1963 A LATOUR 3,092,699 
ELECTRODYNAMIC FERCE-CCMPENSATION PRESSURE 

. CONTACTS FOR CIRCUIT BREAKERS 
Flled Dec. 17, 1959 4 Sheets-Sheet 4 

' 2L 
/2 7’ 

/28 

/29 

/26 

INVENTORI 

14. Lafow“ 

BY §MDM¢Q>W 
ATTORNEYS 



3,092,699 ' 
ELECTRODYNAMIC FORCE-COMPENSATION 
PRESSURE C ONTA CTS FOR CIRCUIT 
BREAKERS 
André Latour, Grenoble, France, assignor to Ets 

Merlin 8: Ger-in, Grenoble, France 
Filed Dec. 17, 1959, Ser. No. 860,186 
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9 Claims. (Cl. 200-—‘87) 

This invention pertains to electrical contacts arrange 
ments such as are employed in circuit breakers, and 
especially to improvements in the application of electro 
dynamic forces as an aid to proper functioning of such 
contacts. 

In my prior US. Patent No. 2,821,594 I have ‘described 
an electric switch combining a stationary contact and a 
movable contact, and a stationary and a movable con 
ductor respectively terminating at said contacts and both 
having substantially rectilinear length portions which 
extend parallel and adjacent to each other when the 
switch is closed; said movable conductor constituting the 
supporting arm of said movable contact and being dis 
posed in a position to react magnetically (in the closed 
position of the contacts) with said stationary conductor, 
in such a direction as to urge the movable contact against 
the stationary contact. In those switches the two con 
ductors, at least upon the initial opening movement of 
the contacts and during formation of ‘an arc, form (with 
their ends nearest to the contacts, said contacts, and said 
are) a loop, whereby the magnetic forces of the current 
tend to expand said loop and thus to repel the arc. 

In FIGURES 14 to 16 and 17 to 19 of the patent, 
corresponding to the diagram of FIGURE 4 of the patent, 
I described a device in which a second stationary con 
ductor is connected in series with the ?rst named sta 
tionary conductor and extends parallel to the same, and 
is disposed in a position to react magnetically, in the 
closed position of the contacts, with said movable con 
ductor to urge the movable contact against the stationary 
contact. 

I have now ‘discovered that this patented device can be 
‘ greatly improved, by modi?cations that will be under 
stood from the following. 

If we designate by i the current to be switched off, in 
the most favorable case the currents traversing the mov 
able conductor, and that branch of the stationary con 
ductor in which the current ?ows in the same direction, 
are equal to i/ 2, so that the attractive force is propor 
tional to i2/ 4, whereas the repulsive force created by the 
other branch of the stationary conductor is proportional 
to i2/2; thus, the total force which urges the movable 
contact against the stationary contact is equal to 
ai2/4+bi2/2; a and b being constant parameters. 

I have now found that, if we dispose the two ‘parallel 
stationary conductors electrically, relatively to the con 
tacts, so as to have said two parallel conductors connected 
in series with the movable conductor, the attractive force 
as well as the repulsive force are proportional to 1'2, so 
that, all other things being equal, the total force which. 
urges the movable contact against the ?xed contact is 
equal to ai2+bi2. 

If we assume that the lengths and the distances of the 
conductors are the same in the two directions, sothat 
_we may set‘a=b, we have in the ?rst case, a total force 
equal to %ai2 and, in the second case, a total ‘force equal 
to 2ai2; an improvement of at least 267%. 
The invention will best be understood from considera 

_tion of the‘ following detailed ‘speci?cation of certain 
preferred embodiments thereof given by way of example, 
and referring to the appended drawings, in which: 
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FIGURES 1 and 2 represent schematically and accord 

ing to a known arrangement, the path of the current in 
the incoming and outgoing conductors of the contact 
members. 
FIGURES 3 and 4 show schematically the novel 

arrangement, according to the invention, of the incoming 
and outgoing conductors. 
FIGURES 5 and 6 show schematically another arrange 

ment proceeding from the same inventive idea. 
FIGURE 7 shows in side elevation, partly in section, 

an embodiment according to the schematic arrangement 
shown in FIGURES 3 and 4. 
FIGURE 8 is a plan view of FIGURE 7. 
FIGURE 9 represents in side elevation another form 

of execution of the contact arrangement, still according 
to the schematic arrangement shown in FIGURES 3 
and 4. 
FIGURE 10 is a horizontal section view taken along 

the line 1l}—lt} of FIGURE 9. 
FIGURE 1 is a schematic elevational view of the 

conductors connected to the contact members, taken in 
a plane perpendicular to the plane wherein the contacts 
are moving. 4 

FIGURE 2 is a side view of the same conductors, the 
arrangement as shown by FIGURES l and 2 being already 
shown in my US. Patent No. 2,821,594. In these 
?gures, P represents, for instance, the surface of the 
?xed contact member and p that of the movable contact 
member, L1, L2 the conductors carrying the current 
to the contact P, 1 the conductor carrying away the 
current from the contact p. For a better understanding, 
the movable contact 12 and its conductor 10 are not shown 
in FIGURE 1. It will be easily appreciated that the 
conductors L1, L2 form, with the conductor 1, a closed 
loop, and that the repulsive force which is produced be 
tween the conductor 1 and the conductors L1 and L2, 
by virtue of the current ?owing in opposite direction in 
said conductors, has for a consequence an increase in the 
‘contact pressure between P and p. ‘One will be aware, 
however, that owing to the fact that the conductors L1 
and L2 are not located in the plane wherein the con 
ductor 1 is moving, the forces exerted on this latter by 
the two conductors L1 and L2 are oblique with respect to 
the direction of the contact pressure, and that only the 
resultant force produced by the two oblique repulsive 
forces is located in the motion plane of contact p; that 
is, in the desired and useful ‘direction. As these forces 
are relatively very oblique with respect to the motion 
plane, the resultant vector force is, of course, very much 
smaller than the arithmetical sum of the two repulsive 
forces. , , 

FIGURES 3 and 4 show, with the same reference 
numerals used in FIGURES 1 and 2, an arrangement 
according to the invention. 

’ One will observe that, in these ?gures, a conductor L, 
carrying a current ?owing in the same direction as in 
the conductor 1, is located behind the conductor 1. These 
currents create an attractive force having the same direc 
tion as the contact pressure, and which adds to the 
repulsive forces exerted by L1 and L2 on the conductor 1. 
This arrangement is particularly advantageous, due to 
the fact that owing to its position, the conductor L may 
be placed much nearer to the conductor 1 than would 
be possible vfor the conductors L1 and L2‘, and thereby 
to obtain an attractive force much higher than the repul 
sive force exerted by said conductors L1 and L2. It will 
easily be appreciated, in FIGURE 4, that the path 
‘described by the current ?owing through the contacts 
P and p has the form of the Greek letter (p. 
As shown in FIGURES 5 and 6, it is possible to obtain 

much greater compensation effects, together with a con 
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tact device of much smaller dimensions, by combining in 
series two arrangements similar to the one shown in FIG 
URES 3 and 4. So, thus, in FIGURE 6, the rear con 
ductor L is divided as above into two conductors L’l and 
L’Z which ‘are prolonged by two conductors L’L”, and 
return to the contact P by the conductors L1 and L2 
placed in close proximity to the conductors L1 and L’2. 
One obtains, in this way, a kind of coil with two turns 

wound in parallel, in the middle of which the conductor 
1 integral with the contact p may freely move. It is ob 
vious that, if so desired, more turns can be provided in 
each half of this coil. 

In comparison with the known arrangement, the new 
arrangement of this invention allows not only a multi 
plication of the forces of compensation, but is particularly 
advantageous when the two contacts have to withstand a 
rupturing arc, because in this case, the magnetic ?eld cre 
ated by the two coils provides an excellent means of ob 
taining magnetic blow-out. 

Although the loops shown in the various ?gures have 
a rectangular shape, it is obvious that when the maximum 
resistance to the electrodynamic forces must be obtained, 
these coils may readily be given a circular shape. 
FIGURE 7 is a schematic elevation and sectional view 

of the contact arrangement according to FIGURES 3 and 
4, and FIGURE 8 is a plan view of FIGURE 7. In these 
?gures, the contact surface of the ?xed contact P is ob 
tained by means of two deep-drawn shells I’ placed face 
to face. At the contact point, the edges of the shells form 
a recess into which penetrates the contact surface of the 
movable contact member 17, in such a manner that at least 
two contact points are always obtained. Each shell ex 
tends towards the bottom by virtue of a jaw 2. The two 
jaws forms the conductors L1 and L2 in FIGURES 3 and 
4. In order to prevent the dispersion of the current in 
the jaws, and to establish a passage in the peripheral zone 
situated on the right side of each jaw, one or more slits 
3, 4 and 5 are provided in the jaws. The jaws are ?xed 
onto a central piece 6 as by means of the rivets 7, 8, 9 
and 10. The rivets 8, 9 and 10 are provided with insulat 
ing sleeves and insulating washers so that no current can 
?ow from the piece ‘6 into the jaw 2 in the region of said 
rivets 8, 9 and 10. On the contrary, the rivet 7, which ex 
erts a clamping action on the two jaws 2, directly or 
through a metallic washer, is not insulated. It is only 
in the neighborhood of the rivet 7 that the current can 
flow from the piece 6 into the jaws 2. 
The left end of the piece 6 is clamped between two ?at 

pieces 11 as by means of the rivets 12, 13 and 14, the 
?at pieces I]; being intended to carry the incoming cur 
rent of the circuit-breaker to the ?xed contact at 1’. Here 
again, the rivets l2 and 13 are provided with insulating 
sleeves and insulating washers so that no current can ?ow 
from the ?at pieces 11 into the piece 6 through these 
rivets. On the contrary, the rivet 14, which exerts a 
clamping action between the pieces 11 and 6, is not in 
sulated. Therefore, the current flows from the pieces 11 
into the piece 6 only in the neighborhood of the rivet 14. 
The piece 6 is provided with a certain number of slits 15 
and 16 intended to force the current to ?ow along its 
right side. It will be appreciated that the current path 
thus obtained, as shown by the dotted lines, has the shape 
shown in FIGURES 3 and 4. 

‘The use of slits in pieces of flat shape allows one not 
only to oblige the current to ?ow along a predetermined 
path, but presents particularly interesting advantages from 
other standpoints, namely: 

( 1) It allows one to obtain, at particular chosen points, 
a heavy concentration of current which is very favorable 
for the creation of strong attractive or repulsive forces; 
and this without reducing the mechanical resistance of this 
piece in the direction in which these forces are acting. 

(2) The cooling surface of these pieces is practically 
not at all diminished by the slits, so that the heat pro 
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d 
duced in the regions of heavy current concentration can 
be easily dissipated. 
For these reasons, the use of slits or saw-cuts in con 

ducting pieces of flat shape constitutes one feature of the 
present invention. 
The movable contact may be constituted by two U 

shaped pieces 17 placed face-to-face and assembled by 
rivets. At their upper end, these pieces cover a lever 18 
preferably made of light metal and ?xed at its lower end 
on an axis 21. In order to oblige the current to ?ow 
along the desired path, an insulating cap 19 is provided 
between the end of the lever 18 and the U-shaped piece 
17 whose lower extremity has the form of a fork and is 
riveted onto the lever 18 as by means of the rivet 20. 
The movable lever 18 can be displaced by a device 

actuated by the control mechanism (not shown) of the 
circuit-breaker; for instance, by two interrupting levers 23. 
When the points P and p come into contact, the levers 
23 continue their movement towards the left and tension 
the spring 22 which secures the contact pressure. Con 
tinuing their movement towards the left of the ?gure, 
the levers 23 may, towards the end of their travel, come 
into contact with the main contact pieces 24 through which 
most of the current will then ?ow. During the reverse 
movement these contacts (23 and 24) part without form 
ing an are because, at the moment of separation, all the 
current is directed to the points P and p between which 
the arc is initiated upon the separation of contacts 1’ 
and 17. 

It will be appreciated that in the ?xed contact the 
current can only reach the point P by way of the side 
walls of the shells 1' which are at a greater distance from 
the median plane than the point P itself (see FIGURE 8). 
As a result, the current lines reaching the point P form a 
bend which has for its effect to drive the roots of the arc, 
whatever their position, towards the inner edges of the 
shells, that is to say, towards the median plane itself. In 
this way, an automatic centering of the arc roots is ob 
tained, by which the functioning of the interrupting device 
is considerably improved. For this reason, the arrange 
ment as described is also considered as a feature of the 
invention. 

Moreover, it will be seen from FIGURE 8 that the 
edges of the two shells 1’ are not in contact but, on the 
contrary, are separated by an interval 25 of appropriate 
width. 

This arrangement allows the gases which are produced 
at the separation of the points P and p, and which may 
have an explosive force, to be evacuated into the slits 25 
without exerting [on the arc root-s any action impeding 
the centering of the same. 
As already indicated, the contact pressure can be se 

cured, as shown in FIGURE 7, by a spring 22 exerting 
a force on the movable contact 17. The contact pressure 
may, however, be obtained by a spring exerting a force on 
the ?xed contact. An arrangement of this kind is shown 
in FIGURES 9 and 10. In these ?gures, the movable 
contact is shown at 26 as a ?at bar of rectangular section. 
The slits 27, 28 and 29 oblige the current to ?ow in the 
left side of the contact bar 26. The ?xed contact is 
formed by two ?at pieces 30 (FIGURE 10) ?xed on the 
axis 31, borne by a piece 32 formed by two bracket pieces, 
as shown in FIGURE 10. A spring 33 secures, through 
the intermediary of a rod 34 and a fork 35, the contact 
pressure between the pieces 30 and the movable contact 
26. The travel of the contact pieces is limited by the 
stops 36 and 37. A saw-cut 38‘ obliges the current to 
flow into the extreme right region of the piece 32. Under 
these conditions, the ‘current is obliged to follow approxi 
mately the path as shown in dashed lines, this path cor 
responding closely to the current path as shown in FIG 
URES 3 and 4. 

In order to avoid the possibility that the electrody 
namic forces may deform the contact 26 in the region 
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weakened by the slits or saw-cuts, the latter may advan 
tageously be ?lled with a suitable insulating material. 

It will be appreciated that this kind of contact may 
advantageously replace, in FIGURES 7 and 8, the con 
tacts 23 and 24 which would not only obtain a compensa 
tion of the forces at the contact points themselves, but 
also completely protect the control mechanism of the 
circuit-breaker against the electrodynamic forces de 
veloped in the pivoting levers 23 and 18. 
What is claimed is: 
1. In an electric switch, the combination of a stationary 

and a movable contact, and of a stationary and a mov 
able conductor respectively ending at said contacts and 
having respectively substantially rectilinear length por 
tions extending parallel and close to each other when the 
switch is closed, said movable conductor constituting 
the carrying arm of said movable contact and being 
disposed in position to react magnetically in closed posi 
tion of the contacts with said stationary conductor in a 
direction to urge said movable contact against said sta 
tionary contact, the two conductors, at least upon initial 
opening movement of the contacts and formation of an 
arc, forming with their ends, nearest to the contacts, said 
contacts and said arc, a loop, whereby the magnetic 
forces of the current tend to expand said loop and thus 
to repel the arc; at least one of said conductors including 
serially connected portions leading the current in suc 
cessively opposite directions on opposite sides of the 
other conductor to its corresponding contact. 

2. In an electric switch, the combination of a sta 
tionary and a movable contact, and a stationary and a 
movable conductor respectively ending at said contacts 
and both having substantial length. portions extending 
close to each other when the switch is closed, said mov 
able conductor constituting the carrying support of said 
movable contact and being disposed in position to react 
magnetically in closed position or" the contacts with said 
stationary conductor in a direction to urge said movable 
contact against said stationary contact, the two conduc 
tors, upon initial opening movement of the contacts and 
formation of an arc, forming with their ends nearest to the 
contacts, said contacts and said arc, a loop, whereby the 
magnetic forces of the current tend to expand said loop 
and thus to repel the arc; at least one of said conductors 
including serially connected portions leading the current 
in successively opposite directions on opposite sides of 
the other conductor to its corresponding contact. 

3. In an electric switch, the combination of a station 
ary and a movable contact, and of a stationary and a 
movable conductor respectively terminating at said con 
tacts and having respectively substantial length portions 
extending close to each other when the switch is closed, 
said movable conductor constituting the carrying sup 
port of said movable contact and being disposed in 
position to react magnetically in the closed position of 
the contacts with said stationary conductor in a direc 
tion to urge said movable contact against said stationary 
contact; at least one of said conductors including serially 
connected portions leading the current in successively 
opposite directions on opposite sides of the other con 
ductor to its corresponding contact. 

4. The combination of claim 3, in which at least one 
of the conductors and the associated contact are con 
stituted by the contact member itself, being slotted to 
isolate the contact into portions, at least one of which 
portions provides a current path substantially parallel 
to the conductor associated with the other contact. 

5. The combination of claim 3, in which, in closed 
condition of the contacts, one of said portions is connected 
electrically in parallel with said movable conductor. 
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6. The combination of claim 3, in which said at least 

one of said conductors includes at least four such serially 
connected portions leading the current in successively 
opposite directions. 

7. In an electric switch, the combination of a sta 
tionary and a movable contact,‘a ?rst conductor consti 
tuting the carrying arm of said movable contact and tra 
versed by the sarne current as the movable contact, a sec 
ond conductor traversed by a current ?owing in the same 
direction as the current ?owing in the ?rst conductor and 
disposed in a position to exert on said first conductor an 
attractive force tending to maintain said movable con 
tact in closed position, a third conductor traversed by a 
current ?owing in the opposite direction with regard to 
the direction of current ?owing in said ?rst conductor 
and disposed in a position to exert on said ?rst conductor 
a repulsive force, tending to maintain said movable con 
tact in closed position, said contacts being connected 
serially between said ?rst conductor, on the one hand, 
and said second and third conductors on the other hand, 
in the closed position of the switch. 

8. In an electric switch, the combination of a sta 
tionary and a movable contact, a ?rst conductor consti 
tuting the carrying arm of said movable contact and 
traversed by the same current as the movable contact, 
a second conductor traversed by a current ?owing in the 
same direction as the current ?owing in the ?rst con 
ductor and disposed in a position to exert on said ?rst 
conductor an attractive force tending to maintain said 
movable contact in closed position, a third conductor 
traversed by a current ?owing in the opposite direction 
with regard to the direction of the current ?owing in said 
?rst conductor and disposed in a position to exert on said 
?rst conductor a repulsive force, tending to maintain 
said movable contact in closed position, said ?rst con 
ductor being mounted to travel during its opening move 
ment into a position where said second conductor exerts 
on said ?rst conductor a repulsive force tending to in 
crease the speed of separation of the contacts. 

9. In an electric switch, the combination of a station 
ary and a movable contact, a ?rst conductor consti 
tuting the carrying arm of said movable contact and 
traversed by the same current as the movable contact, 
a second conductor traversed by a current flowing in the 
same direction as the current ?owing in the ?rst con 
ductor and disposed in a position to exert on said ?rst 
conductor an attractive force tending to maintain said 
movable contact in closed position, a third conductor 
connected to said stationary contact and traversed by a 
current ?owing in the opposite direction with regard to 
the direction of the current ?owing in said ?rst conduc 
tor and disposed in a position to exert on said ?rst con 
ductor a repulsive force tending to maintain said mov 
able contact in closed position, said ?rst conductor form 
ing, immediately after the separation of the contacts and 
the formation of an arc, with said third conductor, said 
contacts and said arc, a loop, wherein the magnetic 
forces of the current tend to expand said loop and thus 
to repel said arc. ~\ 
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