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The object of the present invention is an elec-
tro-magnet which is intended for the. operation
of clutches, ratchets or other apparatus requir-
ing a considerable magnetic force with a com-
paratively short travel of the armature.

The purpose of the present invention is to pro-
duce a great magnetic force and a great bearing
force with an electro-magnet of reduced size and
only using a small amount of current.

These conditions are obtained by the action
of a magnetomotive force which is variable with
the movements of the armature.

In a particular embodiment of the present in-
vention, use is made of two currents of different
value; one of high value and of short duration
producing the movement of the armature and the
other of lower value intended to keep the arma-
ture in its retentive position.

According to the invention, the number of
turns of the armature attracting coil is auto-
matically increased by the movement of the ar-
mature of the electro-magnet in the direction of
retention.

According to a particularly advantageous em-
bodiment of the invention, provision is made,
during the attraction travel, for the movable ar-
mature to separate or open two contacts which,
in the non-retentive position of the electro-mag-
net, short-circuit an additional winding con-
nected in series with the main winding.

In order that the contacts shall only short cir-
cuit a comparatively weak current, the invention
provides that the period when the aforesaid con-
tacts are separated is arranged to correspond to
the period when the counter-electromotive force
preduced in the main circuit by the movement
of the armature, is approaching its maximum
value.

The electro-magnet according to the inven-
tion is also suitable for operating at low tem-
perature in moist atmospheres in order to pre-
vent or reduce operational failures, such as ic-
ing, to a minimum, the movable armature is
formed by a core which slides with a slight clear-
ance in g thin non-magnetic sleeve, which is held
against the cylindrical wall of the opening serv-
ing for the passage of the armature.

The fixed part of the magnetic circuit is formed
by a cup which is pressed out in the direction of
flow of the magnetic flux.

The electro-magnet according to the inven-
tion is also adapted to operate effectively at low
temperatures, owing to the fact that the special
design of the contacts permits the current to
flow continuously through the electro-magnet,
even in the non-retentive position, so that the
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heat generated by this continuous current assists
in preventing its mass from cooling. In the non-
retentive position of the electro-magnet, a cur-
rent which is insufficiently weak to cause attrac-
tion of the armature, passes through at least one
of the windings of the coil.

As previously stated, the current, as a whole,
passes through the two windings, the attraction
of the armature being obtained by momentarily
short-circuiting the auxiliary windings. '

The accompanying drawings show by way of
example, various embodiments of the invention;
and they include the particular arrangement de~
scribed by way of example.

In the accompanying drawings-—

Figures 1 and 2 illustrate a sectional view and
a top view of the electro-magnet according to
the invention.

Figures 3 and 4 show schematically two dif-
ferent methods of connecting the windings.

The electro-magnet comprises a plunger ar-
mature 2 arranged to move inside a brass tube 3
round which are wound, with the interposition
of insulating material, windings 4 and 5; said
armature slides freely, with a slight clearance,
in a sleeve § made of non-magnetic material,
which is fixed to the body T of the electro-mag-
net; said body is formed by a cup shaped stamp-
ing which is pressed out in the axial direction.
At the upper end of the body a mild steel cover
g is attached which is intended to complete the
magnetic circuit, a guide rod 9 which moves in-
tegrally with the movement of the armature, and
supports the terminals and the contacts. The
ends of the windings are respectively connected
to terminals 0, 11 and 12, which may he insu-
lated if necessary, and which are fixed on the
plate 8. The winding 4 (see Figures 1 and 3)
consists of heavy gauge wire capable of passing
a heavy current, whereas the winding § consists
of wire of smaller gauge the resistance of which
is chosen so as to limit the current to a low value.

In the non-retentive position of the electro-
magnet, the contacts of the winding 5 are short~
circuited by the contacts 11 and I3 so that only
the winding 4 is in circuit; when the current is
switched on, a current of high amperage passing
through this winding causes the armature to be
strongly attracted. As soon as said armature
approaches the end of its travel, the rod 8 car-
ried by the armature lifts the contact arm (83,
thus automatically coupling the windings 4 and
§; this results in a reduction of the current
strength owing to this fact, the strength of cur-
rent decreases to a degree which is compatible
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with the maintenance of the adhesion in spite
of the resisting force.

In Pigure 4 (corresponding to the position of
rest) a weak current passes from source 20
through 16, 11, 4, 5 towards the mass or earth.
This current is insufficient to cause the attraction
of the armature, but its heating effect prevents
the apparatus from icing. In order to obtain
the atiraction of the armature, the switch 14
(comprising the mutually insulated contacts 17
and 18) is moved towards the left, A heavy
current will then flow through 15, 17, 4, 18, 19,
it, 13 and the armature will be attracted. At
the end of its stroke the armature opens the
contact arm {3 and a weak current then passes
through 15, 17, 4 and 5 so as to maintain a weak
retentive force. 'To make the armature return
to its non-retentive position, the switch 14 is
again moved towards the right. When the con-
tact 17 is moved between {5 and {6, the connec-
ture returns to 1ts lmtla,l p051t1on

It is obvigus that the invention covers the case
in which the variations of magnetomotive force
are obtained by acting on other factors, as for
example by simply acting on the number and the
variety of the windings connected in circuit.

What I claim is:

An electro- magnet including a movable arma-
ture, a main winding capable of attracting said
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armature when individually energized, an aux-
iliary winding connected in series with the main
winding, the combined action of both windings,
when energized in series, being only capable of
maintaining the armatyre in its actuated position,
a switch movable between two positions in each of
which it connects the main winding to a source of
current, a short-circuiting circuit for the auxiliary
winding, a first breaker therein which is nor-
mally closed, means for opening said breaker by
the aid of the armature towards the end of its
attraction stroke, & second breaker in said short-
circuiting circuit, this second breaker being nor-
mally open when the said switch is in the position
corresponding to the non-attraction of the arma-
ture, and means for closing said second breaker
when the said switeh is shifted to its other
position,
FRANCOIS JEAN MARIE THEUNISSEN.
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