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This invention relates to clockwork movements
having oscillating driving members. which are
electromagnetically powered.

Clockwork movements of the above type usually
have a main staff carrying & balance wheel and
a magnet armature, the main staff and parts
carried thereon oscillating according to a prede-
termined period. Operatively associated with the
magnet armature is an electromagnet the circuit
of which is controlled by contacts which are in
turn operated in response fo the oscillations of
the main staff.

Such elockwork movements are usually of quite
small gize, being intended for use in automobiles
and the like and being constructed to respond to
extremely small electrical impulses or currents
whereby the battéry or generating system which
operates them is not drained to any appreciable
extent by the operation of the clock. Important
considerations and objectives in the construction
and operation of such movements include the re-
duction of friction to as small a value as possible,
the attainment of high reliability of performance
such that maintenance and servicing are not re-
quired over an extended period, the attainment
of accuracy in the period of movement of the
oscillating main staff whereby the clock will keep
accurate time, and the simplification of the struc-
ture to obtain economy in manufacture.

An object of the present invention is to pro-
vide an improved cleckwork movement of the
above type, which is extremely accurate in the
keeping of time, is economical in construction and
reliable in operation over an extended period of
use whereby maintenance and servicing are re-
duced to such an extent as to be practically elimi-
nated, while at the same time having improved
current econcmy and requiring only extremely
small magnetic impulses to operate it so that the
drain from the batiery or other current scurce
is reduced to a minute, desirable small value.

A further objiect of the invention is fo pro-
vide an improved clockwork movement as char-
acterized above, in which servicing when required
may be accomplished easily and conveniently,
and with a minimum of time and expense.

In accoraplishing the above objects the inven-
tion provides a clockwork movement comprising
the combination with an electromagnetically
powered oscillating driving member or staff hav-
ing a click or pawl periodically engaging a driven
member in the form of a ratchet wheel uni-
directionally driven with an intermittent move-
ment, of a novel detent, econtact and contact-
actuating means associated with the driven mem-
ber and controlling the application of the elec-
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tromagnetic power for the oscillating stafl, the
said means being automatically operated in timed
relation with the cscillations of the staff, and
being so arranged as to impose a reduced, mini-
mum mechanical load on the driving and driven
members.

To effect such raduction of mechanical load.
the improved detent, contact and contact-actu-
ating means of this invention provides for a me-
chanical advantage by a unique structure com-
prising a second and smaller ratchet wheel, which
is coupled to turn simultaneously with the frst
ratchet wheel, and by the provision of a pair of
elongate confact arms carrying cooperable con-
tacts, one of said arms being movable and spring
urged, and having a pin engaging and following
the teeth of the said smaller ratchet wheel. Since
the driving force of the pawl carried by the oscil-
lating staff is applied to the periphery of the
larger ratchet wheel, and since the contact-actu-
ating load is applied to the periphery of the
smaller ratchet wheel, the said driving force re-
quired to overcome the load need not be so great,
and therefore the electromagnetic power and cur-
rent to produce the same may be smaller causing
less battery drain.

Considering that the load imposed in the driv-
ing of the clock hands constitutes but a small
fraction of the load to which the driving member
is subjected, the remainder and by far the greater
fraction of the load being that imposed by the
contact-actuating means in clocks of the above
type, it will be appreciated that any substantial
decrease in the mechanical load imposed by said
actuating means will result in a correspondingly
great and advantageous economy in the current
consumption of the clockwork movement.

Preferably the contact arms carrying the co-

operable contacts, and the pin which engages the
teeth of the smaller ratchet wheel, are incorpo-
rated in a unitary assemblage which is separate
from the frame of the clock movement, and which
is removably secured to the frame for quick and
convenient replacement, and also for easy ad-
justment. The reduction of operating current
effected by the organization of the present inven-
tion has a beneficial effect on the contacts in
that it reduces arcing and pitting thereof and
provides for an extended useful life. If after
considerable usage it should be found necessary,
however, to service the contaets, this may be read-
ily accomplished in the above organization, since
the contact arm assemblage may be readily re-
moved as & unit from a clock movement angd re-
placed by a new unit properly adjusted as to
spring tension and having bright and smooth
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contact surfaces. By adjustably mounting the
assemblage on the clock movement frame, the
relation between the follower pin and the second
ratchet wheel may be readily adjusted to pro-
vide for proper operation of the cooperable parts.
The contact arms of the assemblage are prefer-
ably mounted so that they may move cr swing
about different centers spaced from each other,
thereby to provide a wiping engagement of the
contacts which minimizes pitting and the colleci-
ing of dirt, ete.

The main or oscillating staff which is electro~
magnetically powered is hollow at its ends, be-
ing preferably formed of a tube, and has inserts
(of precious metal alloy) with pointed portions
protruding to constitute pivots, the said inserts
being of a special precious metal alloy having
advantageous bearing properties. The frame of
the clock movement has jewel bearings mounted
in adjusting screws, the bearings having conical
recesses to receive the alloy pivots of the main
staff. I have found that due to the very light
loading cof the main staff it is now possible to
use pointed or conical special metal pivots or
bearings having a low inherent friction without
adverse effect from wear and usage, and that
such bearings further reduce the friction to-an
extent where oil or other lubricant is not neces-
sary. ‘Therefore, I have eliminated to a great
extent the effect of differences in temperatures
which have heretofore resulted in inaccuracies in
cloeck movements because of the lubricant con-
gealing or changing ifs viscosity, collecting dirt,
becoming rancid and losing its lubricating prop-
erties, ete. In the organization provided, the
use of precious metal alloys having special char-
acteristics for the bearings is restricted to the
inserts at the ends of the main staff, and the
staff itself may therefore be formed of a non-
precious metal for the sake of economy.

Other features and advantages will heremafter
appear.

In the accompanying drawings:

Figure 1 is an elevational view of the improved
clockwork movement as provided by the inven-
tion.

Fig. 2 is a plan view shown partly in section,
taken on line 2—2 of Fig. 1.

Fig. 3 is a detail in elevation of the driving
and driven members of the movement, and of
the detent, contact and contact-actuating means,
the driving pawl being fully engaged with the
driven ratchet wheel.

Iig. 4 is a fragmentary view showing the driv-
ing pawl and driven ratchet wheel of the clock-~
work movement, the pawl being disengaged from
the ratchet after it had advanced the ratchet
through part of a revolution.

Fig. 5 is a view like Fig. 4 but showing the pawl
on its return stroke, being cammed inward by
one of the ratchet teeth.

Fig. 6 is an edge elevatlonal view of the driving
pawl assembly.

Fig. 7 is a fragmentary sectional view, reduced,
taken on line 7—7 of Fig. 3, and

Fig. 8 is a detail in section of one of the pivots
and bearings for the main or oscillating staff of
the clockwork movement.

As shown, the improved clockwork movement
of the invention comprises a frame {8 having
members or plates i1, 12 and i3, Fig. 2, located
in spaced, substantially parallel relation, the
plates 1l and {2 rotatably carrying an oscil-
latable main staff 14 having a balance wheel {5.
The staff 14 has connected to it 2 hairspring
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i6 of the usual spiral configuration, the outer
end of the spring 16 being joined to a post 17 se-
cured to the frame member II.

For imparting turning impulses to the main
stafi {4 a magnetic armature 18 is secured fo
the staff, and electromagnetic power means 9,
in the form of an electric coil 20 and pole pieces
21, is operatively associated with the armature
{8 as shown in Fig. 1.

The main staff {4 is made to oscillate by pe-
riodic controlled energization of the magnet coil
20 in a manner to be later more fully described.
Oscillations of the staff 14 are utilized to im-
part a uni-directional intermittent or stepped
movement to a spindle 22 rotatably carried by
the frame {8, one end of the spindle bearing on
the plate {3 of the frame and the other end bear-
ing on an arm 23 secured to the frame 19 in any
suitable manner. The transmission between the
staff 14, which is herein referred to as the driv-
ing member, and the spindle 22 which is re-
ferred to as the driven member, includes s
ratchet wheel 24 mounted on the spindle 22, and
a click or pawl 25 engageable with the teeth
of the ratchet wheel 24, the pawl being pivotally
carried on a circular plate 26 secured to the stafl
{4 and being normally urged outwardly with re-
spect to the staff by a leaf spring 27 which has
onhe end secured to the plate 26. The pawl car~
ries a driving pin 28 which extends through an
aperture 29 in the plate 26, thereby to limit the
movement of the pawl 25, the pin 28 being the
member which engages the teeth of the ratchet
wheel 24. '

Referring to Figs. 3, 4 and 5 it will be noted
that counterclockwise rotation of the main staff
14 results in the driving pin 28 of the pawl 25
striking the radially extending surface of one
of the ratchet wheel teeth and causing the
ratchet wheel 24 to turn clockwise through part
of a revolution, in a manner well understood in
the art. Fig. 3 shows the positions of the parts
during initial engagement of the driving pin 28
with the ratchet wheel, Fig. 4 shows the positions
of the parts as the driving pin 28 is being dis-
engaged  from the ratchet wheel during the
counterclockwise travel of the pawl 2%, and Fig.
5 shows the driving pin 28 on its return travel
engaging a camming surface of one of the teeth
of the ratchet wheel and being cammed inwardly
thereby so as to by-pass the said tooth without
causing a reversal of movement of the wheel 24,

In accordance with the present invention sz
novel detent, confact and contact-actuating
means is provided in conjunction with the
driven spindle 22 whereby energization of the
magnet coil 20 may be effected in timed rela-
tion to the oscillations of the main staff i4, and
whereby a desirable and effective detent action
is had for the spindle 22, while at the same time
imposing a mechanical load on the spindle
which is considerably reduced, in comparison
with prior clockwork movements of the instant
type, to an advantageous small value such that
the energizing current of the masgnet 25 may
be very low. By this organization the drain on
the battery of the clockwork mechanism may be
very small, and the deterioration of the con-
tacts confrolling the circuit for a coil 28 con-
siderably reduced, thereby greatly minimizing

. the necessity for servicing or maintenance work.

75

Also, in-accordance with the invention, the im-
proved and novel detent and contact means in-
cludes a -unitary contact and contact arm as-
semblage which is separate from the clockwork
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frame {0 and which is mounted thereon for
quick and convenient removal and replacement,
and is adjustable therecn to enable its proper
relation to the cooperable means cn the driven
member 22 to be readily attained.

Accordingly, referring to Figs. 1, 2 and 3, the
driven spindle 22 is provided with a second
ratchet wheel 33 which is of smaller diameter
than the ratchet wheel 24 but has the same
number of teeth as the larger ratchet wheel
For cooperation with the teeth of the ratchet
wheel 30 a cylindrical follower pin 21 is provided,
rigidly carried substantially midway between
the ends of an arm 22 which is rigidly secured
at one end to a sleeve 83 rotatably carried by a
pivot stud 24, mounted on a base plate 35 se-
cured by screws 36 to the frame member (3.
The sleeve 33 has fixedly attached to it a collar
37 carrying a spiral hairspring &8, Fig. 3, the
outer end of which spring is secured to a tab 38
anchored to the mounting or base plate 35. The
tab 39 is fastened to an angle bracket 49 which
may be attached to the plate 85 by welding or
other suitable means. Preferably the secure-
ment of the tab 39 to the bracket 48 is effected
by a bolt 41 passing through an insulating sleeve
or bushing 42 in the bracket, the bolt having a
nut 83 bearing against a contact tab #4, and
there being an insulating washer £5 interposed
between the tabs 39 and 44. The function of
the contact tab 44 will later be brought out.

At its other end the contact arm 22, which
is yieldably urged counterclockwise hy the
spring 38, mounts an electrical contact 45 which
is cooperable with a sscond electrical contact
47 carried by a resilient contact arm £8 secured
at its other end under a washer 49 disposed
against the head of the bolt 4{. A rigid mem-
ber 5§ extends along the greater part of the
length of the arm 48, and is adapted to nor-
mally engage the said arm, the member 53 be-
ing also clamped by the bolt 41 and being in-
sulated from the bracket 48 by an interposed
insulating washer 5f. It will be noted that elec-
trical connection may thus be established to the
resilient contacy arm 48 through the bolt 4{,
by connecting 2 lead wire 52 fo the tab 44, and
the said arm, bolt and tab are insulated from
the bracket 48 and from the tab 33, coil spring
%8 and contact arm 22. Connecticn to the con-
tact arms 22 may be made by a lead wire B3
secured to the base plate 35 as shown in Fig. 3.
The lead wire 52 may go to ons end of the coil
28, the other end of the coil being brought out
through g lead wire 5§ as shown in Fig. 1. The
lead wires 55 and 54 may be connected to a
suitable source of energy, as a batiery for ex-
ample.

Referring to Fig. 3, the frame member {3 is
provided with a slot 5§ through which one of
the screws 36 extends, and by this arrangemsent
the mounting plate 25 which carries the con-
tact arms $2 and 48 may be adjustably posi-
ticned on the frame {8 and the proper relation
between the small ratchet wheel 39 and the fol-
lower pin 3¢ which is engageable with the ratchet
wheel, may be readily attained.

Considering Fig. 3, when the ratchet wheels
24 and 23 are turned in a clockwise direction
the teeth of the latter wheel will cam the fol-
lower pin 31 on the contact arm 22 upward, and
will periodically allow the pin to drep down in
the troughs between the testh. In Fig. 3 the
pin 3! has been cammed upwardly just suffi-
cient to cause engagement between the contacts
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46 and 41. Further clockwise movement cf the
ratchet wheel 39 will cause the contact arm $2
to be slightly further raised, resulting in the
contact arm 48 being raised and separating
slightly from the rigid backing member 50. As
the follower pin 3{ is allowed to drop in the
trough between two teeth, the contact arm 32
will drop and separate the contacts 45 and 47
from each other, such separation being effected
because the resilient contact arm 47 is prevented
from following the contact arm 32 by the pres-
ence of the rigid backing member §3. The or-
ganization and arrangement of the parts is such
that when the armature {8 is in the position
shown in Fig. 2 and is rotating counterclock-
wise the contacts 48 and 47 will be disengaged
from each other. As the armatfure continues
its counterclockwise movement the positions of
the parts shown in Fig. 3 will he attained,
wherein the contacts 45 and 47 are brought into
engagement thersby energizing the magnet coil
23. The rpositicn of the armeature 18 for such
engagement and erergization is shown in dotted
outline in Fig. 1. The energizing coil 28 will
cause the armature 18 when in the dotied line
position of Pig. 1 to be atiracted in a manner
to provide a counterclockwise turning moment
to the armature, tending to align the poles
therecf with the fiield poles 2!. Prior to such
alignment ceeurring however the contacts 48 and
47 will become separated from each other and
the coil 28 will be deenergized, whereupon the
inertis, of the armature 18 and halance wheel
15 will cause the armature poles to swing coun-
terclockwise past the field poles 2i. The hair
spring 18 will now exert a prograessively increas-
ing influence on the main staff 14 and will even-
tually halt the counterclockwise turning thereof
and reverse the furning. Upon such reversal
the follower pin §{, having dropped into a trough
between two teeth on the ratchet 38, will pre-
vent counterclockwise turning of the driven
spindle 22, and the driving pin 28 of the pawl
25 will by-pass the next or succeeding itooth of
the ratchet wheel 24 as shown in Fig, 5. The
hairspring 16 will exert a progressively increas-
ing force or load on the staff {4 and halt the
clockwise turning thereof, and will reverse the
direction of the said stafi whereupon the eycle
will be repeated.

By the provisicn of the ratchet wheels 24 and
28 of different diameters, the latter wheel being
the smaller and being the actuator of the contact
assembly for the coil 29, the mechanical load im-
posed on the driven spindle 22 is considerably
reduced, and the force required between the
dgriving pin 23 of the pawl 25 and the teeth of the
ratchet wheel 24 is therefore not as great as was
heretofore necessary. A5 a consequence, the
magnetic force between the armature {8 and the
electromagnetic power means {8 need not be so
great, and the energizing current for the coil 22
msay be relatively small. A reduction in the ener-
gizing current for the coil 29 has a2 beneficial
effect on the contacts 48 and 41, materially re-
ducing the arcing and pitting of said contacts
and enabling these to have a much longer useful
life. Also, in additicn to the reduction of me-
chanical load on the driven spindle 32 effected by
the shove organization, the {ollower pin 2§ on the
contact arm 32, under the action of the spiral coil
spring 33 provides an effective detent for the
driven spindle, and the rounded or cylindrical -
surface of the pin 8{ resulls in a camming action
cceurring after the crest of a tosth on the wheel
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30 has passed the center of the pin. This enables
the pin to impart a clockwise turning movement
to the driven spindle 22, and causes completion of
the movement of said spindle, which movement
was initiated by the driving member 28 of the
pawl 25. Tt is therefore seen that, by the present
invention, an extremely simple and economical-
to-fabricate combination detent, contact and
contact-actuating means is provided which pro-
duces the highly desirable result of a decreased
mechanical load on the driven spindle 22,

The intermittent clockwise movement of the
spindle 22 may be transmitted to a gear train and
to clock hands (not shown) by a pinion 56 on the
spindle 22, Fig. 2.

Inasmuch as the load imposed on the driven
spindle 22 in order to operate the clock gear train
is very small compared with the load imposed in
actuating the contact mechanism in clocks of the
instant type, it will be appreciated that any re-
duction in the contact actuating load will result
in a very appreciable reduction in the total load
on the spindle 22, and therefore a great decrease
may be effected in the energizing current of the
coil 20. As g result, the organization as provided
by the present invention whereby the mechanical
load of the contact-actuating means is reduced
to a minimum value, results in a substantial re-
duction in the current required for the coil 25

and results in greatly increased useful life of the

contacts 46 and 41. Therefore the necessity for
servicing of the clockwork movement is rracii-
cally eliminated, since most of such servicing in-
volves the contact means.

In accordance with the present invention, im-
broved economical bearing means are provided
for the main staff {4 whereby friction on said staff
is held to a minimum and maintained at such low
value regardless of age or usage. In accomplish-
ing this, referring to Figs. 2 and 8, the main staff
{4 is made hollow at its ends and is preferably
formed of a tubular section of non-precious
metal. In each end of the staff t4 inserts 53
are provided, formed of precious metal alloy,
the said inserts having pointed portions 58 pro-
truding from the staff ends and forming pivots.
I have found that a non-oxidizable or non-corro-
sive- alloy of gold, platinum, silver angd copper,
having a high gold content and a low inherent
friction characteristic, provides an extremely ad-
vantageous metal for the inserts 81, since the
residue or powder formed by wearing away of the
alloy does not create much friction, but instead
is especially free of abrasive action. The precious
metal pivots of the staff 14 are carried in jewel
kearings 59 having conical recesses to receive the
pointed portions §8 of the pivots, the said bear-
ings being mounted in screws 68 carried by the
frame members {1 and 12. By the provision of
the above improved bearings for the main staff
{4, together with the organization whereby a
relatively light driving foree is required between
the pawl 25 and the ratchet wheel 24, the fric-
tion on the main staff is made very small, and
the pivots for the said staff therefore do not re-
quire any lubrication whatscever. The absence
of lubrication is of considerable advantage since
it nullifies the effect of changes in temperature,
which changes may cause congealing or rancidity
of lubricant and consequent impairment of the
lubricating qualities thereof. Therefore by the
brovision of the novel combinaticn disclesed
herein I may produce a clock movement which is
accurate and reliable in its operation over a

greatly extended period of time, which does not
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require servicing or maintenance operations since
there is no lubricant to become congealed or ran-
cid and since the contact assemblage is relatively
free from arcing and pitting, the contacts thereof
remaining bright and clean in spite of age or ex-
tensive use.

If for any reason it should be necessary, how-
ever, to service or replace the contacts after very
long usage, this may be readily accomplished by
removing the entire contact and contact arm as-
semblage from the frame {0, by removing the
screws 36. A new assemblage may be incorpo-
rated in the clock movement quickly and without
difficulty to replace the old assemblage, and an
adjustment easily effected by virtue of the slot
55 in the frame member 13.

Variations and modifications may he made
within the scope of this invention and portions
of the improvements may be used without others.

Iclaim:

1. In a clockwork movement, an oscillatable
spindle; magnetic means including an electro-
magnet for imparting a turning movement to the
spindle; a large ratchet wheel and a small ratchet
wheel connected together for simultaneous ro-
tation; means carried by the spindle and engage-
able with the large ratchet wheel for unidirec-
tionally driving said wheel with an intermittent
movement when the spindle is oscillating; and
means including a movable part actuated by the
small ratchet wheel and including contacts one of
which is connected with said electromagnet for
completing o circuit therethrough in timed rela-
tion to oscillations of said: spindle, said means
completing the circuit whenever the movable part
is'in engagement with the tips of the teeth of said
wheel,

2. In a clockwork movement, frame; an oscil-
latable spindie carried by the frame; driving
means for said spindle, including an electromag-
net carried by the frame; a contact assemblage
connected to the electromagnet to control the
circuit thereof, said assemblage comprising a pair
of cooperable contact arms and a base carrying
the arms, at least one of said arms being mov-
able and said assemblage being separate from
said frame; means for removably mmounting the
contact assemblage on the frame, including
means for adjusting the assemblage with respect
to the frame; and means for actuating said mov-
able contact arm in response to movement of the
oscillatable spindle and in timed relation to the
oscillations thereof.

3. In a clockwork movement, 4 frame; an oscil-
latable spindle carried by the frame s driving
means for said spindle, including an electromag-
net carried by the frame; a contact assemblage
connected to the electromagnet tc control the
circuit thereof, said assemblage comprising a pair
of arms having cooperable contacts at one pair of
juxtaposed ends, and comprising a base carrying
the arms, said juxtaposed ends of the arms being
movable and the other ends of the arms being
spaced apart to provide for wiping engagement
of the contacts and said assemblage being sepa-
rate from said frame; means for removably
mounting the contact assemblage on the frame,
including means for adjusting the assemblage
with respect to the frame; and means for actu-
ating said movable contact arm in response to
movement of the oscillatable spindle and in timed
relation to the oscillations thereof,

4. The invention as defined in claim 1, in which
the small ratchet wheel and movable part pre-
vent movement of the large ratchet wheal in the )
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