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The present invention relates to electromagnetically 
controlled switching devices for galvanically or otherwise 
coupling and decoupling electrical circuits. 
An object of the invention is to provide electromag 

netically controlled switching devices for such a purpose 
which present a very short time of changeover from one 
of their steady conditions to the other one of these con 
ditions, and conversely, without any bouncing effect of 
the mechanically displaced part thereof during and after 
such changeover action occurs therein when their electro 
magnetic drive produces the actuation thereof. Such a 
very short time implies that a changeover is, for in 
stance, effected with a delay shorter than a millisecond 
from the instant at which the said drive is operated 
through a sudden variation of the control current there 
for. 

It is a further object of the invention to provide such 
switching devices which couple and decouple galvanic 
connections that currents of a relatively high value, for 
instance of several amperes, can pass through the switch 
contacts whilst only very small values of the driving 
current, for instance of the order of 20 to 25 milliamperes, 
are applied to the electromagnetic control thereof. 
The action of a stationary magnetic field upon a mov 

able electric circuit is well known per se: when an elec 
trical current is applied to the said circuit, this circuit is 
suddenly thrown in a direction perpendicular to the lines 
of force of the said magnetic field and defined in accord 
ance with the well-known law of Laplace. 
An electromagnetically controlled switching device ac 

cording to the invention is mainly characterized in that it 
comprises in combination at least one flat spiralled wind 
ing and a flat supporting element therefor, a stationary 
magnetic circuit comprising a correspondingly flat air 
gap wherein the said winding is supported from the said 
element, an axle external to the said air-gap and around 
which the said supporting element can be angularly dis 
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placed and electrical circuit switching means controlled , 
from the said angular displacement in accordance with 
the relative positions of the said winding and the said air 
gap according to the condition of current through the said 
winding. 

This and other features of the invention will be de 
scribed in detail with reference to the accompanying 
drawings, wherein: 

Fig. 1 is a partial cross-section of an illustrative em 
bodiment of the invention; 

Fig.2 and Fig. 3 respectively show the two sides of the 
movable member thereof; 

Figs. 4 and 5 respectively show the two conditions of 
the device illustrated in Figs. 1, 2 and 3, when combined 
with abutment means and electric switching means, for 
completion thereof; and 

Fig. 6 shows an illustrative embodiment of a set of 
contacts controlled from the arrangement disclosed in the 
preceding figures. 

Referring first to Figs. 1 to 5, a dielectric slab 1 is pro 
vided as a supporting member for an electrical winding 
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which comprises four coils 2, 3, 4 and 5 and these coils 
are serially interconnected as shown and with respect to 
their respective directions of turns. In the shown em 
bodiment this direction is the same for all the four coils, 
and must be the same in each pair of facing coils, 2-3 
and 4-5. However, the direction of turns of one of 
these pairs may be reversed if required and the device 
will also operate as it will be hereinbelow described pro 
vided a corresponding reversal is provided in the arrange 
ment of the magnetic circuit pole-pieces to be hereinbelow: 
ascertained. 
The ends 8 and 9 of the said winding are connected 

through flexible conductors 10 and 11 to respective ter 
minals 2 and 13. These terminals may be supported by 
a portion 14 of the casing of the device and said casing 
is not otherwise shown in the drawings. At the ends 8 
and 9, metallic rivets or eyelets may for instance bein 
serted in the dielectric slab and the conductors 10 and 11 
soldered therein. The lengths of the said conductors are 
such that no mechanical stress is applied thereto in the 
one and the other of the two positions of the slab, Figs. 4 
and 5. Fig. 4 is for instance the rest position of the 
device and Fig. 5 shows the work position thereof. 
Now the winding 2-3-4-5 may advantageously be 

obtained from one of the so-called printed circuit tech 
niques. For instance the dielectric slab 1 is first com 
pletely coated on both its faces with a metallic film, 
preferably by means of an evaporation under vacuo proc 
ess. Two holes 6 and 7 have been previously made in 
the dielectric slab so that these holes are also coated 
with the said metallic film. Then a photographic film 
is coated upon both the said faces and receives the pic 
tures of the coils and interconnections therebetween and 
connections thereto. After development of these pictures, 
washing and drying thereof, the member is put within an 
acid bath which dissolves all the parts of the metallisa 
tion not protected by the photographically deposited re 
sist or film. In devices according to the invention, it may 
be further useful to reinforce the lines of the coils through 
an electrolytic deposit process but most often this step 
will be unnecessary with respect of the values of current 
which are due to pass through the winding. On the other 
hand, as well known per se, such a "printing” technique 
enables the production of very thin conducting lines and 
spacings therebetween. 
The slab is mounted for at least an angular displace 

ment around an axle 17 for instance connected through 
torque spring connections 18 to the walls 19 and 20 of 
the casing of the device. These springs may be such that 
in the rest condition of the device, no current being im 
pressed upon the winding thereof, the movable member 
is forced to the position shown in Fig. 4, a tail part 15 
of the slab 1 resting against an abutment piece 25 affixed 
to the wall 14. 
A pair of magnetic pole-pieces of opposite polarities 

cooperates with each part of the winding. The pole 
pieces 21(N) and 22(S) define an air-gap within which 
the pair of coils 2-3 is located. The pair of pole-pieces 
23(N) and 24 (S) define another airgap within which 
is located the pair of coils 4-5 of the winding. These 
pole-pieces may be made from separate small magnets, 
which are commercially available or, of course, may be 
the pole-pieces of a complete magnetic conventional cir 
cuit. In either case, the magnetic circuit is affixed to 
the casing of the device in such a way that, as clearly 
shown in Fig. 4, the pole-pieces are set to face the por 
tions of the winding which are of an upward direction 
of circulation of current therethrough. This illustrative 
condition may be modified at will. The direction of 
the driving current is indicated by arrows in Figs. 2, 3 
and 5. Consequently, when this current is applied to 
the device, the coils 2 and 3 will be acted upon so that 
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the upper part of the movable member will be suddenly 
pushed forward in the left-hand direction (with respect 
to the drawing) whereas the pair of coils 4 and 5 will 
be suddenly pushed forward in the right-hand direction. 
The movable member will change its position and Sud 
denly comes to the position shown in Fig. 5, the tail end 
15 of the slab i abutting against an abutment member 
26 affixed to the wall 29 of the casing of the device. 
This angular displacement occurs against the action of 
the springs 18 supporting the axle 17. 
When the driving current is interrupted at the terminal 

12-13, the reset torque from the springs i8 will sud 
denly reset back the movable member to its rest posi 
tion. 
The part of the device just herein above described con 

stitutes the control arrangement thereof. The movable 
slab 1 with the windings mounted thereon constitute 
the armature of the device. An electric circuit switching 
element, at least, must be associated therewith and such 
an element is shown as 27, Figs. 4 and 5. This element 
27 may be mounted upon a socket 28 wherein terminals 
such as 30 are provided for the electrical interconnec 
tion of the device with utilisation circuits and com 
ponents, not shown as not being part of the invention. 

If, for instance, the member 27 consists of two sepa 
rate metallic slabs between which the insulating por 
tion 16 of the movable member comes when the device 
is activated, a change of capacity is obtained; the part 
16 may be metallic or metallized if a movable con 
denser armature is necesary for such a change of coll 
pling. 

If, alternatively, the member 27 comprises a pair of 
spaced coils serially interconnected or otherwise, the 
part 16 may then be of magnetic material in order to 
vary the self-inductance or mutual inductance between 
these coils. Further, if required, the part 16 may bear 
a further winding supplied with some utilisation current. 

Alternatively again, the member 27 may be made in a 
piling or electrical make-and-break contacts, the part 16 
of the movable member thus ensuring their operation 
according to the control current through the winding 2 to 
5 of the device. 
Of course, when required, a similar member 27 may be 

associated with the rest position of the control arrange 
Inent. 
The part 16 actuated by the said control arrangement 

may be, if wanted, a member separate from the tail i5 
of the movable slab. For instance, this part may com 
prise a cam arrangement cooperating with the axle 17, 
for instance through the actuation of one or more levers 
from the rotation of the said axle. 

Considering for illustrative purposes a relay arrange 
ment according to the invention, the contact part there 
of may be such as disclosed in the scheme of Fig. 6. 
Such a relay will for instance operate in electrical cir 
cuits passing several amperes and present a contact pres 
sure as high as 20,000 dynes, though changing over its 
condition within one millisecond of time. 

In this contact arrangement, there are two elastic 
blades 27 which bear electrical contacts 38. Rigid 
armatures 31 are placed on each side of the said blades 
27 and bear electrical contacts 32. The output terminals 
30 are supposed connected to the said contacts 32 
through the armatures 31. Each blade 27 is terminated 
by a small cage 33 housing a ball 34. Suitable holes 
in these cages enable the balls to protrude within the 
spacing between the blades 27. In the rest condition, 
which is shown, the pairs of contacts 32-38 are opened. 
When the part 16 of the control arrangement is forced 
between the balls, the contacts close and consequently 
the device acts as a two work contact relay. However, 
the speed of travel of the part 16 is not substantially 
reduced when said part engages the balls due to the 
quite small friction therebetween. Of course, a greater 
number of relay contacts may be introduced through 
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4. 
apparent piling of elastic blades inter-associated through 
bars or pushers, with fixed armatures therebetween. 
A damping of the movable element may be obtained 

by electrical means such as the insertion of a damping 
resistor in series with the energization winding thereof. 
Such a provision will balance out the stray E.M.F. which 
may be induced within the energization winding coils 
from the magnetic field when these coils are in movement 
with respect to this field. 
Whereas a first manner of embodying the movable 

member has been previously described with reference to 
the conventional printed circuit technique, it is thought 
preferable to obtain a more suitable supporting element 
as follows: the "dielectric' slab is replaced by a slab of 
pure aluminium coated with alumina for instance 
through submitting it to an anodizing process. As well 
known, the alumina is a very good insulator. Such a 
slab is then "printed' as described. The internal me 
tallic plate of aluminium will operate as a short-circuited 
secondary winding and will oppose the induction in the 
external winding 2 to 5 of a current of reverse direc 
tion with respect to the direction of the energization 
current therethrough when the member moves in the 
fixed magnetic field of the pole-pieces. 

In another respect, the movable member may be made 
with out any "printing' at all and for instance as follows: 
a metal laminate is first coated with an insulating oxide, 
as abovesaid, and then wound into a roll. Spiralled 
elements are then cut therein, and consequently induct 
ance elements having a great many number of turns 
are obtained, the thickness of which is of the same order 
as it has been the case with the "printed' technique. 
The dielectric part in such spiralled coils as cut from 
such a roll of laminated metal is quite negligible. The 
cutting operation does not produce any short-circuit be 
tween the turns if, on each element which is cut off the 
roll, there is made a brushing operation with diluted 
acid for removing any protusions of the metal therein, 
and if, after it has been washed and dried, a protective 
resist of varnish is deposited upon the element. This 
protective coating may be such as to facilitate the fixa 
tion of the coil element within a frame, by glueing and/ 
or heating, for obtaining the final product which must be 
used as a movable part in the Switching devices accord 
ing to the hereinbefore disclosed provisions. 
The electrical connections of the movable part have 

been described as flexible conductors connected to fixed 
terminals mounted upon the casing of the device. Said 
connections may also and in an alternative way comprise 
a connection through the axle 17, which is made con 
ducting, and a connection through an insulated wire ap 
plied along the said axle. 

In a further detail alternative, each of the coils of 
the windings may be terminated at points which are sym 
metrical with respect to the axle 17 and wires, parallel 
to the axis of 17 but spaced therefrom, may be used for 
the supply of the control winding. When the movable 
member is suitably light, the axle 17 may then be omitted. 

I claim: 
1. An electromagnetically operated control device com 

prising a pair of spaced magnetic pole pieces of opposite 
polarity and defining between them an air-gap providing 
a flux path, a movable support member fixedly carrying 
at least one flat spiral coil in a plane passing through 
said air-gap transversely of the flux path, means mounting 
said support member for movement of said coil in 
its own plane and transversely of said magnetic flux path 
between two fixed stops, one defining a rest position and 
the other a work position for the support member, a cir 
cuit for electrically energizing said coil to produce a 
magnetic field which interacts with that of the magnetic 
fux to cause movement of said coil in said gap and cor 
responding movement of said support member, and bias 
ing means for positioning said support member against 
the rest stop at one end of its movement with the coil 
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partly in said air-gap when no current is flowing therein. 
2. A device in accordance with claim 1 in which the 

support member is mounted to turn about an axis spaced 
from said air-gap. . 

3. An electromagnetically operated control device com 
prising a pair of spaced magnetic pole pieces of opposite 
polarity and defining between them an air-gap providing 
a flux path, a movable support member carrying at least 
one flat spiral coil, means mounting said support mem 
ber for movement of said coil in its own plane and into 
said gap transversely of said magnetic flux, said support 
member being movable between a rest portion and a work 
position, means normally biasing said support member to 
the rest position, a circuit for electrically energizing said 
coil to produce a magnetic field which interacts with 
that of the magnetic flux, to cause movement of said 
coil in said gap and corresponding movement of said sup 
port member, said member carrying thereon a second 
flat spiral coil spaced from said first-mentioned coil, a 
second pair of pole pieces of opposite polarity and de 
fining between them a second magnetic air-gap in which 
the flux is substantially transverse to the plane of the 
second coil and in the path of movement thereof, the 
spacing between the gaps in the direction of movement 
of the coils being such that as the first coil moves out 
of the first air-gap the second coil moves into the second 
air-gap, said second coil being connected to said energiz 
ing circuit to produce a magnetic field in such relation 
to the flux in the second air-gap that the second coil 
tends to move said support member in the same sense 
as the first coil. 

4. A device in accordance with claim 3 in which said 
flux paths have parallel axes, the movable support member 
being pivoted about an axis parallel to and spaced from 
the magnetic flux path, the coils being mounted on op 
posite sides of said axis. 

5. An electromagnetically operated control device com 
prising two spaced pairs of magnetic pole pieces, each 
pair defining an air-gap providing a flux path, said paths 
being in parallel, a support member movable transversely 
of said flux paths between a rest position and a work posi 
tion, means normally biasing said support member to the 
rest position, flat spiral coil means fixedly carried by 
said member in a plane transverse to the flux paths and 
having a greater portion thereof in one flux path than 
in the other and a circuit for electrically energizing said 
coil means to provide a magnetomotive force acting to 
move the coil means to position a lesser portion thereof 
in the one path and a greater portion thereof in the other 
path and to produce corresponding movement of said 
support member. 

6. An electromagnetically operated control device com 
prising a support member mounted to move in a plane 
between two fixed stops, means normally biasing said 
support member in rest position against one of said stops, 
a pair of spaced, flat spiral coils fixedly carried by said 
member parallel with said plane and in axial alignment 
with each other, magnetic pole faces defining at least 
one flux path transverse to said plane through which the 
coils move, said coils when at rest having a predetermined 
number of turns in said flux path, and a circuit for en 
ergizing said coils in such a direction as to produce a 
magnetomotive force to move said member from one 
position to another to position a different number of turns 
in said flux path. 

7. A device according to claim 6 wherein said sup 
port member comprises a flat plate of non-magnetic ma 
terial having said coils mounted on opposite faces there 
of. 

8. A device according to claim 7 wherein said flat plate 
is a metal plate insulated from said coils. 

9. An electromagnetically operated control device com" 
prising a pair of spaced magnetic pole pieces of opposite 
polarity and defining between them an air-gap providing 
a flux path, a movable support member fixedly carrying 
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6 
at least one flat spiral coil in a plane transverse to the 
flux path, means mounting said support member for 
movement of said coil in its own plane and transversely 
of said magnetic flux path between a fixed rest position 
and a fixed work position, a circuit for electrically energiz 
ing said coil to produce a magnetic field which interacts 
with that of the magnetic flux, to cause movement of said 
coil in said gap and corresponding movement of said 
support member, said member carrying thereon a second 
flat spiral coil spaced from said first-mentioned coil, a 
second pair of pole pieces of opposite polarity and de 
fining between them a second magnetic air-gap in which 
the flux is substantially transverse to the plane of the 
second coil and in the path of movement thereof, the 
spacing between the gaps being such that the first coil 
has a greater portion thereof partially within the first 
flux path than the second coil has within the second flux 
path when the coils are deenergized and said support mem 
ber is in rest position, said coils being connected in said 
energizing circuit to produce magnetic fields in such rela 
tion to the flux in their respective air-gaps as to move 
the coils to decrease the portion of the first coil and in 
crease the portion of the second coil within their respec 
tive flux paths and to produce a corresponding move 
ment of the support member. 

10. An electromagnetically operated switch device com 
prising a pair of spaced magnetic pole pieces of opposite 
polarity and defining between them an air-gap providing 
a flux path, a movable contact-operating armature mem 
ber fixedly carrying at least one flat spiral coil in a plane 
transverse to the flux path and partially within the path 
when at rest, means mounting said armature member for 
movement of said coil in its own plane and transversely 
of said magnetic flux path between a fixed rest position 
and a fixed work position, a circuit for electrically en 
ergizing said coil to produce a magnetic field which in 
teracts with that of the magnetic flux, to cause movement 
of said coil in said gap and corresponding movement of 
said armature member, said armature member compris 
ing a flat plate of non-magnetic material having said spiral 
coil secured to one face thereof. 

11. A device according to claim 10, wherein said spiral 
coil is formed of a thin metallic strip having the in 
dividual turns thereof bonded to one face of said flat 
plate. 

12. An electromagnetically operated switch device com 
prising a pair of spaced magnetic pole pieces of opposite 
polarity and defining between them an air-gap provid 
ing a flux path, a movable contact-operating armature 
member fixedly carrying at least one flat spiral coil in a 
plane transverse to the flux path and partially within the 
path when at rest between a fixed rest position and a fixed 
work position, means mounting said armature member for 
movement of said coil in its own plane and transversely 
of said magnetic flux path, a circuit for electrically en 
ergizing said coil to produce a magnetic field which in 
teracts with that of the magnetic flux, to cause movement 
of said coil in said gap and corresponding movement of 
said armature member, said armature member compris 
ing a thin metallic plate coated with a thin film of the 
oxide of the metal of said plate, and said spiral coil being 
bonded to one face of said plate. 

13. An electromagnetically operated control device 
comprising a pair of spaced magnetic pole pieces of op 
posite polarity and defining between them an air-gap pro 
viding a flux path, a movable support member fixedly 
carrying at least one flat spiral coil in a plane transverse 
to the flux path and partially within the path when at 
rest, means mounting said support member for movement 
of said coil in its own plane and transversely of said mag 
netic flux path, a circuit for electrically energizing said 
coil to produce a magnetic field which interacts with that 
of the magnetic flux, to cause movement of said coil 
in said gap and corresponding movement of said support 
member, said coil being formed of a tight roll of a thin 
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strip of metal having an insulating layer on at least one 
face thereof. 

14. An electromagnetically operated control device 
comprising a pair of spaced magnetic pole pieces of op 
posite polarity and defining between them an air-gap pro 
viding a flux path, a movable support member fixedly 
carrying at least one flat spiral coil in a plane transverse 
to the flux path and partially within the path when at 
rest, means mounting said support member for movement 
of said coil in its own plane and transversely of said 
magnetic flux path, a circuit for electrically energizing said 
coil to produce a magnetic field which interacts with that 
of the magnetic flux, to cause movement of said coil in 
said gap and corresponding movement of said support 
member, said support member comprising a flat plate 
and said spiral coil comprising a tight roll of a thin 
strip of metal having an insulating layer on at least one 
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face thereof, the individual turns of said coil being borded 
to one face of said plate. 

15. A device according to claim 14 wherein the said in 
sulating layer consists of an oxide film of the metal con 
stituting said coil. 
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