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’I’he presem inventiori concerns a clockwork ’

movement comprising a circular - balance -and
electric ineans for maintaining the motion
thereof.

The obJect of the present inven‘tion 1s to pro-
vide an electric clockwork miovement of small

volume and of simple. comstruction addpted to’
. ‘be used for timekeepers of small size (which will -

_ hereinafter be referred to as “watches”, or “time-

25
30
35

?_10

45

| 20
* . respect to one another that, in the position of
“equilibrium of the balance, the contact or con- -

pleces”, without giving any limitative meaning

to these words) and which can be applied to all’
kinds of timekeepers, from very small to very

big clocks.:

The clockwork movement according to the
present invention comprises, a driving balance,
of small thickness, made of a non magnetic ma-
terial and carrying a mass of .a magnetic metal,
for instance soft iron, and two stationary coils,
also of small thickness, having a metallic core.
The balance and the coils are so disposed with

tacts that produce the closing of the energizing

circuit is, or are, open. In that way, although -

the iron mass of the balarice closes, in its po-
sitlon of ethbrium, the magnetic circuit of the

coils, no magnetic -force is produced, unless there:
 is a remanence of the metal whlch is negligible

" for practxcal purposes.

Preferred embodiments of my invention will-

be hereinafter described,. with reference to the
accompanying drawings, given merely by way
of example, and. in which:

 Figs, 1. and 2 show.a time-piece clockwork
moverent according to the present invention, in

elevational view and. in-plan view respectively;. '

Figs. 3, 4, 5, 6.and 7 show the contacts in sev-
eral p051tions of the -operation of the device, and
the corresponding positions -of the balance;

- Figures 3a, 4a, 5a, 6a. and Ta are side éleva-
tions of the balance and contact structures, as
shown. in Figs. 3, 4,.5, 6 and 7, respectively.

Figures 3b, 4b, 5b, 6b and Tb are fragmental

developmant views -showing-the relation between:

the cams: and spring arms of Figures 3, 4, 5,6
and -7, respectively.
Pig: 8 shows a driving system in plan view and

" in sectional v1ew,
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Figure 8a is an edge View of the structure of

" Pigure. 8 with the pawl mechamsm shown in

central section. :

Figs. 9, 10, 11 and 12 show other embodiments
of the contacts arrangement;.’
Figs 13 and 14 show a watch mechanlsm ac-

gium .Ma,muary 7, 1832

(CL 58--28)

cording to the present mvention, in eleva.tional
and in sectional view respectively;

Figs. 15, 16 and 17 ‘are diagrammatical views
illustrating the operation of the device of Figs.
13 and 14;

Figures 15a, 16a and. 174 are side elevatlons
of the balance and contact structiures, &s shown
in. PFigures 15, 16 and 17, respectively.

Figures 15b 160 and 170 are fragrental de-
velopment views showing the- relation between
the cams and spring arms of Figures 15, 16 and
17, respectively.

Figs. 18 and 19 show stm other embodlments
of the contacts arrangement; .

Figs. 20, 21,. 22, and 23 show various embodi-
ments of systems in which -the drive and the
contacts form & single device; -

Fig. 24 shows another embodiment of the
.clockwork movement, including two balances.

Figure 25 is a plan vlew of the structure of
Figure 24.

According to the embodiment of my invention
shown in PFigs. 1 and 2, the device for maintain-
ing the motion comprises, as above explained, g
“circular. balance 2 carrying a soft iron armature
2%, and two coils 13 and 13a provided with soft
iron cores {2 and {2a disposed in the same plane
as the balance, so that in the position of equi-

librium of the balance, the coils are symmetri-.

cally disposed with reference to the mass of iron
25 of the balance (Fig. 2).

'On the other hand, in that position of equi-
lbrium, the contact or contacts are open; and

_ the impulses, which maintain the motion of the

balance, take place, eithér symmetrically or not,
in one or both directions, before the position ,of
equilibrium,

To this effect, the balance carries two pallets’
18a, 19b, provided on a sleeve 19 which is dis-
posed coaxially: with the balance and is electri-
cally connected with the clockwork. Said pal-

~Jets are intended to come into confact with the

end (7g of an arm (7T carried by a pillar {8 in-
sulated from the supporting plate of the clock-
work.  These two pallets are inclined, as shown
in Figs. 3b, 4b, 5b, 6b and '7b, which represent
-developments of piece 19 with its pallets and the

10

is

20

30

36

40 -

end #7a of arm {7 in five different positions of

the balance respectively.
On the other hand, arm 17 carries a flexible

- blade 18 the end of which is provided with a

contact 18z for closing the energizing circuit
through its contact with stud 20 carried by a .
pillar 21 insulated from the supportlng plate of
the clockwork. :
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Thus, referring, for instance to Fig. 3, it will
be seen that when contact 19¢q, 17a is made; bal-
ance 2, under the action of its inertia, moves in
the direction of the arrow, the energizing circuit
still not being closed. In the course of thai dis-
placement, pallet 18a, made of a suitable metal,
raises arm (1 through its extremity made of a
suitable metal, so as to brirg it into the position

shown in Fig. 4. Flexible blade 18, which is in-.

tegral with arm (1, also moves in an upward di-
rection and contacts 18a—20, made of a suitable
metal; are brought together.
moves in the direction of the arrow of Fig. 4, its
mass of iron being acted upon by the electro-
magnetic force of the two coils 13, {3a, the ener-
gizing circuit being closed as follows: negative
terminal of the source of current, mass of the
clockwork, 9, t9a, 11q, T, 18, 18a, 20, coils 13
and [3a, positive terminal of the source of cur-
rent, or the reverse. In the foregoing operation,
the parts {T and {8, with their respective contacts
iTa and 18a, serve as a current carrying bridge
to complete the circuit between the contacts 13a
and 20.

‘When balance 2 is in its position of equilibrium, -

(Fig. 5) contact {Ta is released from pallet {9¢
and arm 11, on coming back to its original posi-
tion, in turn moves contacts 18a away from 20
(Fig. 63.

As balance 2 further moves under the action of
its inertia, as shown in Fig. 7, contact {1 is
brought against the back of pallet i9b and the
inclined plane of said pallet moves in a down-
ward direction arm- (1 and flexible blade 18,
which subsequently assume a position symmet-
rical with that shown in Fig. 3, so that the con-
tact is made at 1Ta—19b instead of 1Ta—1i9a.

That position makes it possible to have, on the
return motion of the balance, the same opera-
tion, but now in the reverse order, as that above
described.

It follows from the preceding explanation that
the closing of the electric circuit takes place
through contacts 18a—20, and that the opening
i{s produced. through contacts - {Ta—18a or
11a—19b according t6 the direction of the motion
of the balance. )

It also follows that the impulses which main-
tain the motion of the balance take place in one
or both directions before the position. of equi-
librium of the balance for when the balance is
moving in the direction indicated in Figs. 3-6, the
pallet 19a acts upon the contact 11a as the bal-
ance approaches its position of equilibrium, in-
dicated in Fig. 5, and closes the circuit to the elec-
tromagnet to permit of the momentary impulse of
current.. Nevertheless by the time the balance
arrives at the position of Fig. 5, the circuit has
been broken again because the pallet {8z moves
beyond the contact {7a and releases the same to

‘permit it to drop down and move the contact t8a

. away from the contact 20. When the balance op-
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erates in a contra-direction, pallet t9b acts upon
the contact 1Ta in the same manner to impart
momentary impulse of current while the balance
is approaching its position of equilibrium, but by
the time it reaches its position of equilibrium the
circuit is again broken.

I have hereinbefore stated, in referring to the

construction thus far described, that Figs. 5 and 6

show the balance in its position of equilibrium.

. By this I mean its position of static equilibrium

or its position of equilibrium with respect to the
hair spring associated with it. It will be noted,
however, that according to the laws of magnetism,

Balance 2 then -

.causes the magnet circuit to be closed.

2,125,638

the armature 25, when in the position of Figures
5 and 6, is likewise in a position of magnetic equi-
librium because the poles of the armature and
the poles 12 and 12a of the magnet are sym-
metrically disposed with respect to one another,
so as to bring about a condition of minimum re-
luctance. Thus, in the form of the invention
shown in Figures 3-7, the arrangement is such
that the positions of static and magnetic equilib-
rium and of minimum reluctance coincide and
while it is not essential that there be absclute
coincision in.this regard, this relation of the parts
constitutes the preferred form of the invention.
According to this arrangement, therefore, when
the balance with its armature is in its position
of static or magnetic equilibrium or in its posi-
tion of minimum reluctance, the circuit to the
magnet is open, and if the parts are at rest, no
magnetic force is produced unless there is a
remanence of the metal which is neghglble for
practical purposes

However, as the balance, during operation,
moves from one of its extreme positions toward
the position of Figs. 5 and 6, continuously pick-
ing up speed by virtue of tension of its hair
spring, it comes to an intermediate position where
one of the pallets closes the switch element and
The
magnet is not fully energized simultaneously with
the closing of the circuit and the magnetic flux
circuit is not instantaneously produced for it
requires 2 short interval for its establishment
due chiefly to the facts of self induction and
magnetic inertia of the cores. The flux circuit,
however, builds up rapidly to its maximum which
occurs at or about the time the balance passes
through its position of magnetic equilibrium and
even though the switch opens again by the time

the balance reaches its position of equilibrium,

the magnetic flux circuit will persist even after
the opening of the switch in order to impart te
the balance a magnetic impulse of sufficient dura~
tion and strength to insure its continued opera-
tion. In other words, with the structure as shown
in the drawings, the actual closing of the mag-
net circuit is advanced with respect to the posi-~
tion of equilibrium for a sufficient extent to.en-
able the flux circuit to build up sufficiently to
give the proper magnetic impulse to the balance
just prior to and substantially during the passage
of the balance through its position of magnetic
equilibrium, but to permit this flux to expend

itself as shortly as possible after the passage of

the I alance beyond its position of magnetic equi-
librium, so as not to impose a backward drag
on the balance.
circuit closed up to and through the time when
the balance is passing through its position of
magnetic equilibrium, shown in Figs. 5 and 6,
this flux circuit would persist for a sufficient
period to  produce this backward drag which
would be detrimental. It is for these reasons
that the contacts of the magnet energizing cir-
cuit are made and broken, as shown in the ac-
companying drawings, and when a clockwork
movement is operated, as shown in these draw-
ings, it will operate as stated.

Another system of contact may advantageously
be utilized (Figs. 18 and 19).

This system works in both directions, the op-
eration being similar to that illustrated in Pigs.
3to 1.

Blade 17T (Fig. 18) is maintained between two
blades {Tb and {7¢. Contact stud 20 is mounted
on a movable lever 20a, urged by z coiled spring

If T were to keep the magnet:
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200, or through any other elastic means, against
its stop 28c; The whole is insulated from the
mass and is connected to one of the coils.

In this embodiment, the contact with stud 20 is

produced through part §7e, the part 18a of Figs.

3, 4, 5, 6 and 7 being done away with in this case.
The operation will readily be understood. as it
is similer to that described with’reference to

- Figs. 3 to 7 inclusive,

10

In the embodiment of Fig. 19, which is slightly
different from that of Fig. 18, blades. 11, 17b and
{Tc have been replaced by & jointed system.

-~ Blade 07 is carried by a sleeve {7¢ pivoting about

15
_g,,
26
. 30

'35

an axis 17f; said sleeve carries a cofled spring 11g,
which bas its outer end fixed at 17h. )

The whole of said contact 17 is connected to
the mass of the clockwork,

‘The balence may aiso be kept moving in an-
other manner through & -system of - contacts
18620 several embodiments of which are dia-
grammatically shown in Figs. 9, 10, 11, and 12, the
closing ‘and the opening of the electric circuit
taking, place through the same contacts {8a—20.
Thus, referring for instance to Pigs. 9, 10, 11, 12,
it will he seen that the electric circuits are differ-

_ent but.that the contact is made between stud 20

and the end 18¢ of Hexible blade 8. The pallets
18a and- i8b, shown diagremmaticelly in Figs.

9-12, are of the same form as those shown in -

Filgures 3-7 incluslive.

Under the. action of pallets (8¢ and 19b,

which, In this case, act merely as cams, arm
{7 moves as In the system above described and
the mechanical and magnetic actions take place
in the same manner as in the case of Figs. 3 to.7

inclusive.

In the. embodiment of Flg. 9, ﬁexible arm 17

. is supporied by a plllar 8 insulated from the

40

B

mass of the apparatus and conneécted with two

‘eoils {3 and 13a; sleeve 19 that carries pallets 19z -

and 195 is insulated from the mass of the ap-
paratus and stud 28 is connected with said mass.

The electric circult is the following: negative . .

termingl, stud 20, 18e, 18, 17, 16, colls (3 and

"8, positive terminel, or the reverse.

In the embodiment of Fig. 10, flexible arm §7

is supported by & piliar 16 connected to the mass’

of the apparatus, sleeve {8 itself is connected
to the mass and stud 20 is insulated from the
mass and connected with coils 18 and (3a.

The "eleciric circuit in this case is as fol-
lows: negative terminal of the source of current,

18, 1%, 18, 13e, 29, wtz {3, positive termingl, or.
. the Teverse.
-~ In the embodiment of Fﬂg 131, fexible arm (7

is supported by s plllar 16 insulsted from the
mass of the apparatus and connected with coils
13 and 8 (which themselves are connected with
the positive terminal); sleeve 19 is insulated
from the mass; stud 20 is zlso insulated from

‘the mass, but i Is-connected to the negative

terminal of the source of current.

The electric circuit is the following: negative
termingl of the source of current, 289, i8a, 18,
i1, 08, coﬂs i3 and §8a and positive terminal of

~ said source, or the reverse.

70

* 15 to negative termi_nal,

In Figure 12, flexible arm 17 is supported on’

pﬂla.r {8 which is insulated from the mass and
‘connected with the positive terminal through
coil 3. Sleeve {9 and stud 20 are insulated from

the mass and stud 29 is connected, through coil .

132, with the negative terminal.
- The electric circuit is as follows:
terminal, coil 3, 18, 17, 18,

pOsltive
‘18a, 20, coil 13a

3

“In order to better understand the motion m'

the case of a timepiece according to the pres-

‘ent inventlon the embodiment of Figs. 1 and 2

will be more specifically described. The clock-
work movement comprises a main supporting
plate |, made of a moulded insulating material
or gny other metallic material and provided with

‘supports for balance 2 and driving wheel 4.

Balance 2 is mounted on a spindle {8, plv- -

-oted at one end on a bent part of plate { and
at the other end in a member 22. Said spindle .

19 of balance 2 carries, besides its cofled spring
24, a sleeve ‘18 provided with paliets 19z and 18b,

~which play the part of breaking contacts (cese
- of Figs. 3, 4, 5, 6, 7, 15, 16, 17) or of cams (case
of Figs, 9, 10, 11, 12, 18, 19). according to the
arrangement that is utilized.  Said spindie 1§

further carries the means for driving ratchet
wheel 4 according to the showing of Fig. 8.
Said means will be hereinafter specifically de-
scribed. :

Another. embodiment of my inyention, which is
more . particularly applicable to watches, but
which could also quite well be adapted to other

‘timepieces as in the preceding examples is shown

10

16

20

25

in Figs. 13 and 14. It comprises a circular bal- '

-ance 2 provided with an armature of soft iron.B,
. and two coils § and 6a, placed in the same plane

as the balance, in such manner that in the posi-

- tion of equilibrium of the balance with reference

1o’ the coils armature § is symmetrically placed.
On the other hand, in said position of egui-

30

librium the contacts are open and the impulses

~that serve to keep the balance in motion take

place symmetrically or not, in one or in both di-

- rections, before the position of eguiltbrium.

For this purpose, the balance is provided with
two pallets 8 and 84 made of a sultable metal,
adapted to come into contact with the end Ta,
made of. a suitable metal, of a fexible blade

35

40

carried by the main supporting plate of the watch

and electrically insulated therefrom.
Sald two pallets are inclined, as shown in

‘Figs. 15, 16 and 17, which represent the develop-.

ment of pallets 8 and 8a and the end Ta of
blade 7, in three different positions of the halance.

45 -

Thus, taking for instance the embodiment of -

Fig. 15, it will be seen that contact Te—8c is
about to be closed and that the balance moves
in the direction of the arrow, its mass of iron

‘being subjected to the action of the two coils

8—6a. The electric circuit when closed is the
following: negative terminal of the source of cur-
rent, coils. 6 and 8a, contact Ta, contact 8a, and
positive terminal of the source of current, or the
reverse. During that displacement, contact T,
carried -by blade 7, moves upwardly .under the

: action .of pallet 8a, pallets 8 and 8a, carried by

the balance having inclined. surfaces. )

When balance 2 arrives to its position of equi-
librium  (¥Fig. 16) the electric circuit is opened,
contact Ta being released, and flexible blade 7
comes bhack to its original position.

As the balance further moves under the action
of its inertia, as shown in Fig. 17, in the direc-
tion of the arrow, contact T4 is brought against

the back of pallet 8, which is covered with a layer

of an insulating material {1. The inclined dis-
position of said pallet causes the end Ta of blade
7 to move in 8 downward direction and to escape
from pallet 8, so as to come back to iis coriginal
position. During the refurn motion of the bal-

“ance, blade 7 is given the same displacements,

but is now actuated by the other pailet.
The specific construction of . the - clockwork

60
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movement the operation of which has just been
described will be better understood from Figs.
13 and 14. The watch comprises a main sup-
porting plate | provided with the same supports
as in the case of ordinary watches having a me-
chanical movement which maintain the mecha-
nism of movable parts 16. In Fig. 13 I have only
shown their position by dotted lines, in order not
to confuse the drawing. Balance 2 is mounted
on a spindle I5, pivoted between plate | and
member 3 (Fig. 14). 'Thé spindle {5 of the bal-
ance carries, besides its colled spring (4, pallets
8 and 8a, playing the part of contacts (Figs. 15,
16, 17). Said spindle further carries the means
for driving the wheelwork (Fig. 8).

- All the devices for keeping the balance in mo-
tion that have been above described as working
in both directions can work in only one direction
by doing away with one of the two cams or
pallets. :

The driving devlce shown in Flg 8 comprises
a box 1 provided with a small pawl 26 fixed to a
pivot screw and carrying a stud 9. Said paw! 26
is brought back into its normal position by a
small spring 27. Wheel 4 is driven by stud 9 in
only one direction of the oscillations of the bal-
ance. Paw! 26 is pivoted in such manner that
it allows stud 9 to pass over the teeth of the
ratchet wheel during the return motion of the
balance. A pawl 28 serves to maintain ratchet
wheel 4. Ratchet wheel 4 being thus driven, the
spindle of said wheel carries an endless screw §
(Fig. 1) or a pinion (Fig. 13) according to the
nceds of the reducing gear, which is of the usual
arrangement.

All the contacting means that “have just been
described could of course be employed with a
driving system different from the one described

" with reference to Fig. 8. For instance it would

40

" 50

be possible to utilize a driving system of the type
of metronome escapements, but with an inversed
working.

The system of contact in one or both directions
above described (Figs. 3, 4, 5, 6, 7, 9, 10, 11, 12,
15, 16, 17, 18 and 19) and the driving system of
Fig. & have independent functions, but the pres-
cnt invention also comprises watches and time-
pieces in which the contacting device and the
driving device make a single unit. Fig. 20 shows
such an arrangement.

According to the embodiment of Fig. 20, con-
tact is produced for only one direction of the

" motion.- For this purpose, the whole of the pawl

bl
A

- 60

70

78

(Fig. 8) must be keyed on the shaft 10 of a bal-:

ance 2 so that stud 9 of said paw]l may engage
ratchet wheel 4 (Figs. 8 and 20), said stud being
thus ready to impart the movement to said wheel
when the iron mass 25 of balance 2 is in the posi-

tion of Fig. 3, with respect to the iron core of -

coils 12 and f2a.

Under the action of stud 8 ratchet wheel &

rotates in the direction of the arrow (Fig. 20)
and in turn lifts a stop blade 28, which carries
at its end 28a a contact made of a suitable ma-
terial. Said contact 28a then closes the electric
circuit through its cooperation with contact 29a
carried by a pivoting arm 29 which is applied
by coiled spring 31 against stud 30. .

The whole of parts 29 and 30 is insulated from
the mass of the apparatus and is connected to
one of the two coils {3 or (3a.

When balance 2 is in the position of Fig. 6,
pawl 28 has come back to its place in the interval
between two adjacent teeth of ratchet wheel 4

2,125,638

(Fig. 20) and the circuit is open, lever 29, which
carries contact 28a being stopped by stud 30.

Ihave shown in Fig. 21 another system in which
the driving device and the contacting device are
combined. This system works with impulses be-
ing given in only one direction of the oscillations,
and establishes the magnetic circuit through a
mechanism comprising two levers joinfed at 35a
and 36a (Fig. 21).

The spindle {9 of the balance carries on a small
disk a fixed stud 37. The latter moves in the
direction of the arrow and is brought into contact
with a small blade $8 riveted at its end 38a to
& lever 35. Consequently lever 35 is lowered and
it causes its contact piece 38 to cooperate with
contact 40 mounted in an insulating manner
on lever 36 and thus to close the circuit.

As stud 37 further moves in the direction of
the arrow, it releases small blade 38 and lever
35 is then brought back into contact with stop
43 by its coiled spring 41, while lever 26 is
brought back into contact with its stop 44 by its
coiled spring 42, as shown by Fig. 21.

The balance in turn brings back stud 37 to its
original position, said stud meeting, in the course
of this movement blade 38, which, being very
flexible is lifted by the stud without actuating

‘its lever 35.

In order that the device may operate properly,
stud 37 must be keyed on the spindle of the
balance in such manner that being in its opera-
tive position as shown in Fig. 21, the iron 25 of
balance 2 is in the position of Fig. 3 withk respect
to the iron elements of coils {3 and 13a.

The wheelwork can be pushed by a pawl 4§
placed at one of the ends of levers 35 or 36 (Fig.
21). By way of example, in Fig. 21, pawl 45 has
been placed at one end of lever 36.

Figs. 22 and 23 show variations of the embodi-
ment of Fig. 21.

In Fig. 22, arm 38 is a flexible leaf spring
anchored to a firm support at its left hand end.
It carries a branch arm 35 having a contact 38
to cooperate with fixed contact 40. The stud 37
is carried by shaft {0 and rotates in an arc de-
fined by the arrow to bend down biade 3% and
engage contact 39 with contact 40 to close the
circuit. As the stud continues to move, it releases

‘the blade 3% which springs up and breaks the

circuit. On the reverse movement of the stud 37,
the blade 35 yields to permit if to pass by.

In Fig. 23, the blade 35 is held between aux-
illary blades 35a and 35b. Part 38 is in the form

of an arm pivoted at 36a and yieldably impelled.

against stop 44 by spring 42. Stud 27 is carried
by shaft {0 and rotates in one direction to engage
blade 35 with contact 40 to close the circuit.
‘When 37 releases blade 35, the inherent resiliency
of the latter returns it to the position shown in

Fig. 23 and thus breaks the circuit.

According to the embodiment of Figs. 1 and 2
the electro-magnet consists of two coils {3 and
13a¢ having iron cores 12 and (2a respectively
and provided with suitable windings. Iron cores
{2 and 12a are connected together by a yoke 30,
also made of iron, which alsoc serves to attach
the electro-magnet to the main suporting plate f.

The cores of coils 13 and (3a, yoke 38 and the
armature 25 of the balance can be made at will,
wholly or partly, of pieces of soft iron, as stated
in the above description, or of permanent mag-
nets.

Referring to Fig. 13, it will be seen that the
electro-magnet consists of two coils 6 and 6a
having flat cores & and &a respectively, which
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are conuected by a yoke 13 mede of soft ironm
which also serves for the fixation of the electro-
magnet to plate { through member 8.
"In Flgs. 2¢ and 25 I have shown another em-
§ bodiment particularly intended to be used in con-
nection with big clocks which comprises two bal-
ances & mounted on & common shaft {8 and hav-
“ing respectively. each its couple of coils 13 and 3¢
fed through one or several contacts. Of course
10 the invention is not Hmited to the case of only
two balances as in the embodiment of Figs. 2¢
and 25, i
While I have disclosed in the foregolng de-

scription what I deem to be practical and efclent

15 embodiments of my invention, it should be well

understood that I do not wish to be limited there-

to as there might be changes made in the ar-
rangement, disposition and form of the parts
without departing from the principle of my in-
2¢° vention as comprehended withm the scope of the
appended claims,
. What I claim is:

1. In a clockwork movement of the character

described, the combination of s circular balance

25 of non-magnetic metal, 2 colled spring operative~
1y connected to the balance, & mass of magnetic

- metal carried by the balance and shaped to form
two magnetic poles at substantially 20 degrees to
one ancther and located at the periphery of the
20-'balance, an. electromaghet embodying cofls and
associated cores, the latter of which are posi-
tioned to be juxtapesed with the megnetic poles
‘of said mass when the balance is in & position of
equilibrium, an electric circuit for energizing said

85 magnet, and current switching means included in
sald circult and operable upon oscillation of the
balance to open and close said circuit in prede-
termined timed relation with the movements of

the balence, said current switching means meifn-

40 taining said circuit open when the ba,lamce is in
its position of equilibrium.

2. In g clockwork' movement of the character
descx'ibed,,,the combination of g circular balance
of non-magnetic metal, & cofled spring opera-

. 45 tively connected to the balance, a miass of mag-

netic metal carried by the balance and shaped to -

form two magnetic poles at substantially 90 de-

- grees to one another and located at the periphery

of the balance, an eléctromagnet embodying coils

5o -and associated cores, the latter of which are posi-

tioned to be juxtaposed with the magnetic poles

of said mass when the balance is in & position of

equilibrium, an eleciric circuif for energizing sald

magnet, and current switching means included

g5 in said circuit and comprising g pair of oppo-

sitely inclined pallets movable with and about

the axis of the balance, fixed and movable con-

tact members included in said circuit and the

movable one of which projects into the path of

60 said pallets to be controlled thereby and move

into and out of engagement with the fixed con-

tact member as the pallets move with the bal-
ance.,

.3 Insg clockwork movement of the character

@5 described, the combination of a circular balance

of non-magnetic metal, a coiled spring opera-

" tively connected to the balance, & mass of mag-
netic metal carried by the balance and shaped to
form two magnetic poles at substantially 90 de-

Y9 grees to one another and located at the periph-
ery of the balance, an electromagnet embodying
coils and associated cores, the latter of which

‘are positioned to be juxtaposed with the magnetic
poles of sald mass when the balance is in'a posi-

w tion of equilibrium, an electric circult for ener-.

-described, the combinsation of & spindle, & mseg-

gizing sald meghet, and current switching means -
included in said circuit and comprising two op-
posiiely inclined pallets movable with and co-
axial of the belance, two flexible contacts, one
of which is relatively fized and the other of which g
is movable, said contacts being included in sald
circuit and rormally free from engegement with

- one ancther, the movable contact being posi- -

tioned to cooperate with the pallets and to be

- periodically  moveble thereby inte engagement jp

with the fized contact when the pallets move with

. the balance, said pallets being sc positioned with

respect .to the balence that the circuit is open
when the balance is in ifs position of equilibrium.

4. In & clockwork movement of the character jg
described, the combination . of a spindie mounted
to oscillate, & balance carried by sald spindie
and of -non-magnetic material, a coiled spring |

- connected to the spindle, & mass of magnetic -

metal carried by the balance, an clectromagnet gg.
Jjuxtaposed with the balance for imparting im-
pulses thereto when the megnet is energized, &
circuit including said megunet, fxed and mov-
able contacts included in said circuit, the mov-
able contact projecting into proximity with the
spindle, and g pair of oppeositely inclined pallets ~

‘mounted on the spindle and adapted through the

oscillation thereof to engage with and shif} the
movable contact inlo engagement with the fizred
contact in predetermined {imed relation to the
oscillations of the balance to periodically close
said circuit. ) v

5. In o clockwork mov ement of the character
described, the combination of g spindie, & mag-
netically responsive -balance mounted on the o8
spindle, 2 magnet juxbtaposed to the balance and
adapted to be pericdically energized to impart

magnetic operating Lmpulses to the balance, a

circuit including said magnet, fixed and movable
contacts also included in said circuit, with the a0
movable contect positioned to extend into Prog-
imity with the spindle, a pair of opposifely. in-
clined pallets carried by the . spindle and ex-

tending to alternately engage with the movable

contact as the spindle oscillates to- alternately a8
shift said movable ¢ontact into engagement with
the fixed contact for the purpose of alternately
completing said circuit in timed relatlon to the

‘oscillations of the balanece.

6. In @ clockwork movement of the character 50
netically responsive balance'mounted on the spin-
dle, & magnet juniaposed fo the balance and
adapted to be periodically energized to impart
magnetic operating impulses to the balance, &
circuit including said magnet, current switching
means also included in said circuit and com-
prising & yieldable fixed contact, and & yield~
able movable contact, the latter of which extends
into proximity with the spindle, and & pair of gp
oppositely inclined pallets carried by the spindie
and projecting into positions to alternately en-
gage with the movable contact as the spindle is
oscillated to alternately shift the movable con-
tact into engagement with the fixed contact for gs
the purpose of completing the circuit in timed
relation to oscillations of the balance. i
7. In 2 clockwork movement of the character
described, the combination of a spindle mounted
to oscillate, a circular oscillating balance of non- 7¢
magnetic material' keyed to the spindle, a mass
of maghetic metal carried by the bhalance and
shaped to provide two magnetic poles at sub-
stantially 80 degrees to one another at the pe-

_riphery of the balance, a coiled spring connected 75
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balance into a position of equilibrium, an electro-
magnet embodying a pair of coils and cooperating
cores, the latter of which are located to be juxta-
posed with the magnetic poles of the balance
when the balance is in a position of equilibrium,
an electric circuit including the coils of said mag-
net, cooperating fixed and movable centacts in

said circuit, the fixed contact comprising a yield-

able member normally impelled into a preaeter-
mined position and the movable contact also em-
bodying a yieldable member normally free from
engagement with the fixed contact and project-

ing into proximity with the spindle, and a pair

of oppositely inclined pallets carried by the spin-
dle and projecting to periodically and alternately
engage with the movable contact as the spindle
is oscillated to alternately shift the movable con-
tact into engagement with the fixed contact, said
pallets being so positioned with respect to the
magnetic mass on the balance that said contacts
are free from engagement with one another and
the electric circuit open when the balance is in
its position of equilibrium.

8. In a clockwork movement of the character
described, the combination of a spindle mounted
to oscillate, a circular oscillating balance of non-
magnetic material keyed to the spindle, a mass
of magnetic metal carried by the balance and
shaped to provide two magnetic poles at substan-
tially 90 degrees to one another at the periphery
of the balance, a coiled spring connected to the
spindle normally tending to move the balance
into a position of equilibrium, an electromagnet
embodying a pair of coils and cooperating cores,
the latter of which are located to be juxtaposed
with the magnetic poles of the balance when the
balance is in a position of equilibrium, an electric
circuit including the coils of said magnet, cooper-
ating fixed and movable contacts in said circuit,
the fixed contact comprising a yleldable member
normally impelied into a predetermined posi-
tion, a stop for limiting the fixed contact to such
position, and the movable contact also compris-
ing a yieldable member normally free from en-
gagement with the fixed contact, and operating
means movable with the balance to periodically
force the yieldable movable contact member into
engagement with the yieldable fixed contact
member to periodically energize the magnet for
the purpose of sustaining the oscillations of the
balance.

9.Ina cldckwork movement of the character »

described, the combination of an electromagnet,
a circular balance of ion-magnetic metal mount-
ed for oscillation in proximity to the magnet, a
magnetic mass movable with said balance and
constituting the armature of the magnet, a
switch, an electric circuit including said magnet
and switch, and means movable with the balance
to periodically ‘close said switch to periodically
energize the magnet, said means being inopera-
tive to close the switch when the balance is in
its position of equilibrium but operative to mo-
mentarily close sald switch as the balance ap-
proaches its position of equilibrium during oscil-
lation of the balance in at least one direction.
10. In a clockwork movement of the character
described, the combination of an electromagnet,
a circular balance of non-magnetic metal mount-
ed for oscillation in proximity to the magnet, a
magnetic mass movable with said. balance and
constituting the armature of the magnet, a
switch, an electric circuit including said magnet
and switch, and means movable with the balance

2,125,638
.bo the spindle normally tending to move the

to periodically close said switch to pericdically
energize the magnet, said means being inopera.
tive to close the switch when the balance is in
its position of equilibrium but operative to mo-
mentarily close said switch as the balance ap-
proaches its position of equilibrium in each direc-
tion during osciliation of the balance.

11. In a clockwork movement of the character
described, the combination of an electromagnet,
a circular balance of non-magnetic metal mount-
ed for oscillation in proximity to the magnet, a
magnetic mass movable with said balance and
constituting the armature of the magnet, s
switch, an electric circuit including said magnet
and switch, and means movable with the balance
to periodically close sald switch to periodically
energize the magnet, sald means being inopera-

- tive to close the switch when the balance is in

its position of equilibrium but operative to mo-
mentarily close said switch as the balance ap-
proaches its position of equilibrium in each direc-
tion during oscillation of the balance and sym-
metrically with respect to sald position of equi-
librium of the balance. )

12. In a clockwork movement of the character
described, the combination of a spindle mount-~
ed to oscillate, 8" balance carried by said spindle
and of non-magnetic material, a coiled spring
connected to the spindle, a mass of magnetic
metal movable with the balance, an electromag-
net juxtaposed with the balance for imparting
impulses thereto when the magnet is energized,

~a circeuit including said magnet, fixed and mov-

able contaets included in said circuit, the movable
contact projecting into proximity with the spin-
die and normally resiliently spaced from the fixed
contact, and a pair of oppositely inclined pallets
carried by the spindle and arcuately spaced apart
with respect to one another and each of which
is adapted, as the balance oscillates in one prede-
termined direction toward the position of mag-
netic equilibrium of said mass, to engage with
and move the movable contact into engagement
with the fixed contact and to release the movable
contact for separation from the flxed contact as
the balance nears sald position of equilibrium.

13. In & clockwork movement of the charac-
ter described, the combination of a magnetically
responsive balance, a magnet juxtaposed to the
balance and adapted to be periodically energized
to impart magnetic operating impulses to the
balance, a circuit including said magnet and a
switch  embodying a yieldable current switching

_device and a pair of switch members movable

with the balance and positioned on opposite sides
of and spaced from the yleldable current switch-
ing device when the balance is In its pcsition of
magnetic equilibrium to assure an open circuit
when the balance is in such position, said switch-
ing device being adapted to respectively engage
with said switch members when the balance ap-
proaches its position of magnetic equilibrium
during oscillatory movement of the balance, to
periodically operate said switch and correspond-
ingly energize said circuit.

14. In a clockwork movement of the character
described, the combination of a clrcular balance
of non-msagnetic metal, a colled spring opera-
tively connected to the balance, a mass of mag-
netic metal movable with the balance and shaped
to form two magnetic poles at substantially 90
degrees to one another and located at the pe-
riphery of the balance, an electromagnet em-
bodying colls and associated cores, the latter of
which are positioned to cooperate with said mass
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of mgnetic material, whereby sald mass serves

23 the armature of the magnet, an electric cir-
cult for energizing sald magnet, and current
gwitching means. inciuded in sald circuit and
comprising & palr of oppositely inclined pallets
movable with and about the axis of the balance,
fized and movable contact members included in

‘sadd elrcult and the movable one of which pro-
[jects into the path of sald pellets to be con-
trolled thereby and move into and out of en-.

. gagement with the fixed contact member 85 the
pallets move with the balance.
15. In a clockwork movement of the charac-

ter described, the combination of a frame, a-
spindle supported thereon, a magnetically oper- -

able balance on the spindle, an electromagnet
in proximity to the balarice to impart, when
energized, moagnetic impulses thereto, an elec-
trie circuit including sald magnet, at least one
incilned pallet carried by said spindle, & sta-
tionary contact carried by the frame and included
in said cireuit, an srm movably supported by
the frame and one end of which is positioned
to cooperate with sald pallet, a flexible blade
gupported by the arm, and & contact at the end
of the fexible blade also Included in sald cir-
cult and adapted to cocperate with the stationary
contact for closing sald circuit, the paliet being

g0 disposed that said circuit is open when the

balance passes through its position of equilibrium.

18. In s clockwork movement of the character
deseribed, the combination of a frame, & spindle
supported thereon, a megnetically operable bal-

ance on the spindle, an electromegnet in prox-

imity to the balance to impart, when energized,

‘magnetie impulses thereto, an electric . circuit

including said magnet, at least one inclined pal-
let corried by the spindle and included in said
clreult, @ stationary contact also included in
said circwit, and @ current carrying bridge nor-
mally free from. engagement with the stationary
contact and movable into engagement there-
with, said bridge projecling into the path of
gaid pallet to be moved thereby into engage-
ment with the stationary contact to energize the
magnet, said pallet being so disposed that sald
circult is open when the belance pa.sses through
its position of equilibrium.

-1%7. I a clockwork movement of the character.

o\lescrihed the combination of a frame, & spindle
supported thereon, & magnétically operable bal-
ance on the spindle, an electromagnet in prox-

“gmity to the ‘balance to impart, when energized,

magnetic impulses thereto, an electric circuit
including sald magnet, at least one inclinedlpa.l-
let carried by the spindle, a stationary contact
also included in said circuit, and a current carry-
ing bridge included in said circuit and normally
free from engagement with the stationary con-
tact and movable inte engagement therewith,
said bridge projecting into the path of said psal-
iet to be moved thereby into engagement with
the stationary contact to energize the megnet,
gald pallet being insulated from said circuit and

* being so disposed that said circuit is open when

the balance passes through its position of equi-

| librium,

70
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18.Insa clockwork movement of the <haracier
described, & magnetically operable balance, an
electromagnet for operating said balance, a cir-
cuit including said magnet, and means controlled

by the oscillation of. the balance to periodicaily
~make and break sald circuit, said means includ-
ing an arm provided intermediate its ends with -

7

& spiral spring to resiliently connect the oppo-

aite end sections of the arm.
19. In & clockwork systém including an elec-

tric circuit, s device for controlling said circuit

which comprises, in -combination, an. elastically

mounted. contact in said circuit, another elasti-
cally mounted contact in said circuit adapted’

to cooperate with said first mentioned contact
for closing sald circult, an oscillating spindle
actuated by sald clockwork system, and two in-
clined pallets rigid with said spindle and adapted
to act on seld second mentioned contact for
each oscillation of said spindle in either direction
respectively,

20. In 8 clockwork system including an elec-
tric circuit, & device for controlling said circuit
which comprises, in combination, two contacts
included in said circuit and at least one of which

“is elastically mounted for engegement with and

disengagement from the other to close and open
the circulf, an oscillating spindle actuated by
said clockwork, and two camming members hav-
ing mclined surfaces and rigid with said spin-
die and adapted to consecutively act on the
clastically mounted contact for each oscillation

-of the spindie in each direction.

~ 21, In a clockwork system including an elec-

tric circuit, & device for controlling said circuit

which comprises, in combination, two contacts
included in sald circuit and at least one of which
is elastically mounted for engagement with and
disengagement from the other to close and open
the circuit, an oscillating spindle actuated by
seid clockwork; and at least one camming mem-
ber having an inclined surface and rigid with
said spindle and adapted to act on the elastically
mounted contact to periodically engage said con-
tacts, ssid camming member being so positioned
with respect to.the elastically mounted contact

* that it will engage the contacts with one another

while the spindie i{s approaching its position of
equilibrium snd permit disengagement of "said
contacts before the spindle has passed its position
of equilibrium.

22. In & clockwork movement the combma-
tion of an oscillatory balance having an electro-
magnet armature movable therewith, an electro-
magnet mounted in proximity to the balance, a
circuit including said electromagnet, and circuit
closing means included in said circuit and op-
eratlvely connected with the balance to' close
sald clrcuit as the armature is. moving toward

% position of eguilibrium in both directions of

oscillation of the balance and to open sald cir-
cult when the armature is in-a position of equi-
librium,

23. In 8 clockwork movement the combmatmn

] of an electromagnet, a circular balance of non-

magnetic material mounted for oscillation in
proximity to the magnet, a magnetic mass mov-
able with the balance and constituting the arma-
ture of the magnet, a switch, and an electric
eireuit including said magnet and switch, said

switch including means movable with the bal-’

ance to periodically close said circuit to periodi~

ie
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cally energize the magnet, said means being in- -

operative to close the circuit when the balance is
in its position of equilibrium, but operative to
momentearily close said circuit as the balance
approaches its position of - equilibrium during
oscillation of the balance in at least one direction,

24. In a clockwork movement, the combina-
“tion of a spindle mounted to oscillate, an oseil-

lating balance of non-magnetic material-on said
spindie, a mass of magnetic metal movable with
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the balance and shaped to provide spaced apart
magnetic poles, a coiled spring connected to the
spindle and normally tending to move the bal-
ance into a position of equilibrium, an electro-
magnet having spaced apart terminals, located
to be juxtaposed with the magnet poles of said
mass when the balance is in a position of equi-
librium, an electric circuit including said elec-
tromagnet, cooperating fixed and movable con-
tacts in said circuit, the movable contact com-
prising a yieldable member normally free from
engagement with the fixed contact, and operat-
ing means movable with the balance to periodi-
cally force the yieldable movable contact member
into engagement with the fixed contact member -
to periodically energize the magnet for the pur-
pose of sustaining the oscillations of the balance. '

' 3,125,688

25. In a clockwork system including an elec-
tric circuit, a device for controlling said circuit
which comprises, in combination, a relatively
fixed contact, a relatively movable contact elas-
tically mounted and normally impelled away from
the fixed contact, a stop positioned to be en-
gaged by the movable contact to determine the
normal specing between sald contacts, and means

for shifting the movable contact into engage-

ment with the fixed contact, including an escil-
lating spindle actuated by said clockwork' sys-
tem, and two inclined pallets rigid with said
spindle and adapted to move said movable con-
tact into engagement with the fixed contact for
each osciilation of the spindle in either direction
respectively. '
JEAN HUBERT.
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