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ELECTRIC CLOCK.

SPECIFICATION forming part of Letters Patent No. 574,669, dated J anuary 95, 1897,

Application filed December 12,1895, Serial No. 571,866, (No model.)

To all wivom it may conceri:

Be it known that I, CHARLES M. CROOK, a
citizen of the United States, residing at Chi-
cago, county of Cook, and State of Illinois,
have invented certain new and useful Im-
provementsin Electric Clocks, whichare fully
set forth in the following specification, refer-
ence being had to the accompanying draw-
ings, forming a part thereof.

This invention relates to clocks which are
operated by springs or weights wound at in-
tervals by the foree of an electric current
operating through an electromagnet upon a
winding device, and which are synchronized
periodically by setting devices which are op-
erated by the force of another electromagnet,
the circuit through which is closed by the
clock-movement at the predetermined time
for synchronizing.

In the drawings, Figure 1 is a front eleva-
tion. Fig. 2 is a side elevation of the clock-

train, including the winding and synchroniz-
ing parts. Fig. 31is a detail section at the
line 3 3 on Iig. 2, showing the winding devices

and the eclectromagnet which operates the
same. Iig: 4 is a detail section at the line4

4+on Iig. 2. Tig. 5 is a detall section at the
line 5 5 on Tig. 4. Tig. 6 is a detail eleva-
tion showing the minute and seconds hands
and the synchronizing device in a position oc-
cupied at the instant of synchronizing.

M is the frame.

N is the winding-magnet; P, the synchro-

nizing-magnet, both being mounted fixedly

with respect to the frame.

The principal train—that is tosay, the train
from the mainspring to the escapement—com-
prises the wheels within the case on the shafts
@, b, and ¢, the shaft ¢ being that about which
the mainspring is coiled, having the main
gear-wheel A; the shaft b having the pinion
B, meshing with and driven by the gear A,
and having also the gear B'; the shaft ¢ hav-
ing the pinion C, which meshes with and is
driven by the gear B, and having also the es-
cape-wheel (V.

d is the escapement-staff, carrying the es-
cape-dog D and the pendulum-lever D'

I have shown the mainspring E held at the
outer end by the post M’ and adapted to he
wound from the inner end, being therefore

secured at the inner end to the winding drum
or sleeve E', which has the ratchet-wheel E¥
adjacent to the gear-wheel A and adapted to
communicate motion thereto through the
ratchet-dog A’ in a familiar manner. '

My invention does not exclude other famil-
iar forms of communicating power from the
spring to the main wheel and thence to the
train; but the objection which sometimes ex-
ists to this form—that the train is deprived
of driving-impulse during the period of wind-
ing—is obviated in my struecture by the fact
that the winding is instantaneous, taking
place in less time than required for the pas-
sage of one tooth of the escape-wheel—that is,
in less than one tick of the clock.

On the sleeve K’ and rigid with it are two
parts which do not pertain to an ordinary
clock-train, being therefore in some sense dis-
tinctive of my present invention—viz., the
winding-cam I and theautomatic switch,com-
posed of an insulated collar G and an unin-
sulated collar G', both rigid with the sleeve E'.

N’ is the armature for the winding-magnet
N. It is secured to a lever N, fulcrumed
on the frame by means of a rock-shaft n’ and
provided at one end remote from the fulerum
and from the armature with an antifriction-
roll n', adapted to bear upon the periph-
ery of the winding-cam ¥*.  Anarm n!' of the
lever, projecting approximately at right an-
gles to the main extent of the lever from the
pivot ' to the end which has the roll ', is
weighted as seen at n'!, the weight tending to
hold the armature out of contact with the
poles of the magnet and the roll n' away from
the shaft «. The spur n', thrown out from
the back of the main arm of the lever N,
stops against the frame-post M? and thereby
limits the movement of the lever in the di-
rection which withdraws the armature from
the poles of the magnet. Anadjusting-screw
1™, setthrough the arm which has the weight
n', and most conveniently through said
weight, projects toward the same post M? and
collides against it upon the opposite side
from thatat which the spur N*2 is stopped and
serves to stop the lever in the direction in
whichit moves when the armature approaches
the magnet-poles, said serew being designed
to be adjusted so that the armature shall just
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barely avoid contact with the magnet-poles, |

contact being undesirable for reasons well
understood.

The ecircuit-wire from one pole of the ener-
gizing-battery rans to the magnet N and from
the magnet to any convenient point for hind-
ing it to the frame, as atw®.  IFrom the other
pole of the battery the wire runs to the bind-
ing-post /i, mounted in the insulating-block
L and making permaneunt contact with the
switeh-spring I, which it binds vigidly to the
insulating-block. The switch-spring I atits
end remote from its fastening to the insulat-
ing-block bears on the switching deviee, con-
sisting of the collars G and G/, and is thrown
from one to the other of said collars as the
sleeve isrotated orrocked. Theconstruction
of this switching device is substantially that
which is shown in my PPatent No. 550,829,
dated December 3, 1895, and need not be
further deseribed heve except by saying that
the end of the switch-spring travels on the
insulated collar while the train is running
down, the track and the end of the switch-
spring being so formed that the latter slips
onto the uninsulated collar when the spring
is run down so faras to require winding and
runs on the latter collar during the winding
process, slipping back onto the insulated col-
lar at the limit of the winding movement,
In this part of the clock the features which
are concerned in my present invention are
the form of the winding-cam I and the rela-
tion of the same to the armature and arma-
ture-levers and stops Tor the latter.

Referring to Fig. 3, it will be seen that
when the magnet N is encrgized so as to at-
tract the armature the movementof the arm-
ature toward the maguet forces the upper
end ol the Iever N in toward the shaft «,
and the roll 2", bearing upon the periphery
of the winding-cam I¥, causes such movement
of the lever to rotate the shaft ¢ through so
much of an arc as is contained between the
radii which contain the points of contact, re-
spectively, of the roll on the cam at the two
limits ot such movement, which is designed
to be about ninety degrees. The angular
movement of the lever itself, which rotates
the cam ninety degrees, will be seen in Fig.
3, being substantially the angle of opening
between the face of the armature N’ and the
poles of the magnet N, from comparison of
which angles it will appear how much the
movement is multiplied by the mechanical
connection.

The special purpose of thisinvention,which
is at this point an improvement upon a device
fora similar purpose shown in my Patent No.
534,320, dated February 19, 1895, above men-
tioned, is that by formming and actuating the
am as hervein shown I am able to make the
power necessary to be applied to the cam for
each dezxree of rotation which it receivesin the
winding movement correspond precisely with
the power developed at each degree of such
winding movement by the attraction of the
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magneband armature for each other,for it will
be understood that the pull upon the arma-
ture caused by the attraction of the magnet
inereases very rapidly as the armature, yield-
ing to that pull, approaches the poles of the
magnet, and in order that this increased pull
should be utilized the work done through the
armature-lever perdegree of movement must
increase in the same ratio as the pull of the
maguet upon the armature inereases.

It will be noticed that when the armature
commences to move toward the magnet, the
“pull” being at its minimum, the leverage
obtained by means of the cam is greatest
and the amount of pull necessary to pro-
duce a given angular movement of the cam
is least. It will be noticed, also, that the
form of the cam is such that this leverage
diminishes rapidly as the lever swings in to-
ward the shaftand rotates the magnel, mak-
ing the work done per degree of the arma-
ture’s movement increase with correspond-
ing rapidity. Thelaw governing the increase
of the magnet’s attraction for the armature
being known, the form of the cam I is com-
puted substantially according to fhe sawme
law, and thereby the maximum effectivenecss

i of a given current energizing the magnet is
cobtained in the winding ofl the mainspring.

The action being practically instantancous
when the cireuit is elosed, the roll #!" would
come to a stop at the innermost point of the
cam with a blow upon the latter, and there-
fore upon the shaft a. This being especially
undesirable, T have provided so that the lever
isstopped before the voll can givea blow to the
shalt. Such stoppage might be elfected by
contact of the armature with magnet, hut
for well-known reasons it is desirable that
these parts should not come into absolute
contact. ITence I employ thestop-screw n'
which collides with the frame-post M* and
may be adjusted by screwing it through the
lever-arm of the armature so as to permit
the utmost movement which is permissible,
and yet prevent the blow, whicl is undesived.
The stoppage of the lever in the opposite di-
rection, by means of the spur N2 against the
same post M2 causes the lever to stand in
such position that the roll »' will be in con-
tact with the cam at the time the cireoit is
closed, and will therefore bhegin to actuate
the cam as soon as it begins to move, not he-
ing obliged to travel through an interval and
strike the eam, thus wasting power, before
commencing to move it.

Another teature of my improvemeut relates
to the synchronizing devices and the hand-
driving train. TIleretofore in clocks having
a seconds-hand revolving about a different
center from the minute-hand one of two
metheds has been followed. Kither the sec-

onds-hand has been mounted upon a shalt
of the principal train, usually the escape-
wheel shaft, and driven positively by such
shaft, and the train from the minute-hand to
the hour-hand has been frictionally conneeted
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at one shaft, usually the minute-hand shaft,
to the p11n01pa1 train, so that the minute.
hand and hour-hand could be set at any time
regardless of the running of the principal
train, but without the setting of the seconds-
hand, or the seconds-hand has also been
frictionally connected to its shaft and has
been driven in a train with the hour-hand
and minute-hand, so that by means of the
minute-hand all three of the hands could be
set, the connection slipping at both points of
frictional engagement—to wit, on the minute-
hand shaft and the seconds-hand shaft. A
third method, partaking of the elements of
both those mentioned, has also been employed,
or, when the movement has been adapted for
synchronizing, the seconds-hand is provided
with frictional connection with its shaft and
the minute and hour hand train with a frie-
tional connection at the minute-hand shaft,
but the seconds-hand is not driven by the
frictionally-connected train which connects
the other hands. This construction requires
two synchronizing connections, one to set the
minute-hand, and thereby the hour-hand, and
another to set the seconds-hand. This part
of my invention consists in driving all the
three hands in one train, that train having a
frictional connection with the driving or prin-
cipal train at an intermediate shaft in the
train—that is to say, neither at the minute-
hand shaft nor at the seconds-hand shaft—
and a third specific feature consists in syn-
chronizing by action upon a wheel in said
fr 1emonally driven train intermediate the
minute-hand and the seconds-hand, prefer-
ably the wheel on the shaft at which the fric-
tional econnection is made.

Another specific feature of my invention
consists in utilizing the three shafts of the
principal train as shafts of the hand-train
and mounting the entire train, from the min-
ute-hand to the seconds-hand, on such three
shafts and causing the several wheels in such
train to operate in unison with the wheels in
the principal or driving train on said shafts,
respectively.

In addition to these features I have shown
a specific form of synchronizing device which
constitutes one feature of my invention,which
will be more fully explained hereinafter.

On the shatft b, in front of the frame, is the
gear-wheel Q and pinion @, formed 1101dly
as a-unitary wheel, fuetlonally carried with
the shaft b by means of the spring g, stopped
against the shoulder b’ on the shaft and act-
ing against the rear disk ¢ of the pinion Q/,
a ’ohumb-screw q', secrewed into the forward
end of the shaft and bearing against the
sleeve-like extension Q! of the hub of the
wheel, serving to force the wheel onto the
spring, whereby the frictional engagementis
obtained. The pinion Q' drives the gear R,
which is loose on the Shdf’[’: a, the huab of thls
goar being a sleeve r, which extends for ward
and carries the minute-hand Y at its forward
end. The wheel Q meshes with the pinion S,

T
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which is loose on the forward end of the shaft
¢ and which has the forwardly-extended hub
S’, which carries the seconds-hand X, The
gear-wheel Qisaduplicate astosize and num-
ber of teeth of the gear B’. The pinion Q'is
in the same respects a duplicate of the pinion
B. Thegear-wheel R islikewise a duplicate
of the gear-wheel A, and the pinion S is a du-
plicate of the pinion C. These several wheels
in front of the frame therefore have, during
the running of the movement, the same speed
as the shafts, on which they are nevertheless
mountedloosely. With this construction the
three hands are maintained in unison after
being once so mounted on their respective
shafts, and insetting the clocks in the custom-
ary manner, byrotating the minute-hand, not
only will the hour-hand be rotated in unison,
but the seconds-hand also.

For the purpose of synchronizing-—that is,
setting the clock periodically in ameemenb
with any controlling chronometer wwh which
its synehronizing devices are electrically con-
nected—I provide the wheel Q with an abut-
ment in the form of a roll Q*, mounted on the
stud ¢*, the roll being greaterin diameter than
the tubular hub Q! of the wheel Q, and on
the shaft p, suitably supported on the frame,
I mount the lever P?P3 whose arm P? carries
the armature P’ for the magnet P, while the
arm P?, extending in front ot the Wheel Qand
past the shaft of said wheel, is adapted to

strike the abutment Q®. The edge or face p*
of the lever-arm P® toward the abubment is
straight, and its direction is substantially
radial withrespect to the shaftp. Ifthisface
or edge 9* were uninterrupted throughout the
entire extent which could encounter the abut-
ment, it would tend, when it encountered the
abutment on the side of the shaft b toward

said lever-arm at any position except in a

radius of theshaftbatrightangles tosaid edge
2%, to rotate the wheel 0 one way or the othel
according to the position of said roll one s1de
or the other of the radius at right angles to
the edge. DBy this means the wheel Q might
be rotated any distance less than ninety de-
grees if at the instant of synchronizing the
abutment was anywhere exeept at the one
point indicated on the side of the shaft b to-
ward thelever-arm P%.  If, however, the abut-
ment happened to be anywhere in the other
half of its circuit, the lever P? would not act
upon it and the clock would not be synchro-
nized. Inorder,therefore,toadaptthe lever-
arm P? to rotate the wheel Q whichever side
of the shaft the abutment may stand at the
instant of synchronizing, I make the notch
p* in the lever-arm P? interrupting the face
or edge p® and adaptling the lever to stride the
hub of the wheel Q, so that the edge p® at both
sides of the noteh may extend past the shaft b
when the lever is rocked, and may encounter
the abutment Q* and rotate the wheel @ when
said abutment is on the farther side of the
shaft, as well as when it is on the proximate
side. - A special advantage is obtained by this

70

75

8o

85

9o

95

I00

105

115

I20

125




1 : 574,669

noteh in addition to the fact that the lever is
adapted to reach past the shaft, which may
be understood by observing that if the wheel

were on the extreme end of its shaft, the shaft

not projecting past it and therefore not being
in the way of the lever, the straight edge ]) R
if not interrupted, w ould tend, by pressing
against the abutment Q?, to 101(%@ the wheel
Q to a point at which the contact of the edge

10 p* on theabutmentshould bein dhllOthOll"h

N
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the axis ot the wheel Q at right angles to
the edge p% but as the abutment ElDT)l()(LChOS
such pomt the angle between its direction of
movement and tho line of pressure exerted
by the lever approaching a right angle, it
would seldom be brought to rest exactly at
the theoretical point indicated, for if the
stroke were slowit would stop short of it, and
if it were rapid the momentum of the wheel
would carry the abutment beyond that point,
and it would come Dback to it only with the
slow movement due to the continuing pres-
sure of the lever, so that ravely, if ever, would
it rest at the exact point desired. VWhen,
however, a noteh is made in the edge ;/, the
corners of the notch being at some little dis-
tance from the point where the roll would he
tangent to the edge »® if the latter weve un-
interrupted, the roll runs off the edge into
the noteh some time before the angle of pres-
sure becomes disadvantageous, and the roll
lodges in the notch in contact with both its
corners, this position being invariably at-
tained whenever the lever isactuated. It be-
comes immaterial, therefore, whether the cor-
nersof thenotch are exactly equidistant from
the theoretic point at which the abutment
would rest upon the edge if the notel were
not made, but the intention of the structure
is pre Luwbly to make the noteh symmetrical
with respect to the radius of the shaft b,

which is at right angles to the edge " when

the latter is at the limit of its forward stroke
upon the abutment. When the hands arve
originally mounted, they will be set together
atthesynchronizing-point, say twelveo'clock,
with a roll Q* in the position on the side of
the shaft b opposite the lever %, to which it
would be forced by the stroke of that lever.
At such position, therefore, it should stand at
the next synchronizing period, twelve o’clock
of the next day. If the movement has been
fast orslow to an extent less than necessary to
rause the abutment at twelve o’clock to stand
on the side toward thelever P, and so nearly
in a line at right angles with the face of the
lever that the latter will not foree it back by
itssynehronizingstroke,the strokeof the lever
will steer the dbubmenb to the proper point
opposite the shaft from thelever, therehy set-
ting the three hands at twelve o’elock and in
perfeet unison. As illustrated, the lever, by
its stroke upon the abutment, will rotate the
latterfrom any point outside of an arc of about
sixty degrees on the side toward the lever.
It is capable, therefore, of rotating the wheel
@ through onc hundred and fifty degrees

cither way to the synchronizing-point.  As
the train is constructed, one hundred and
fifty degrees movement of this wheel corre-
sponds to three minutes running time of the
train. The device, therefore, is adapted to
make a maximum correction of three min-
utes cither way—that is, for loss or gain.

Obviously the train may be constructed so
that the correction may reach any desired
amount within necessary limits.

It will be understood that the synchroniz-
ing-circnit is elosed by a suitable cireuit-clos-
ing device in the clock-train. This is not
shown in the drawings. Any well-known de-
vice for that purpose may be employed.

In order to facilitate the work of cleaning
and repairs, I make the pinion 8, which is
loose on the shaft ¢, as explained, so that it
may be retained on the shaft and readily re-
movable therefrom without the necessity of
extending the shaft through the long hub of
the pinion, which it is necessary to provide in
order that it may carry the seconds-hand at
its forward end. A device for this purpose
is shown in IFigs. 4 and 5. The pinion and
its liub is drilled at the center from the rear
side, as seen at ¢, the shaft ¢ being twned
down to a size which makes it loose in the
pinion at this point. Ata point which would
be forward of the pinion when the latter is
in place, and stopped at its rear end against
the shoulder ¢’ of the <1ml'i‘ I make a periph-
eral annular groove ¢* in U shaft, and at a
corresponding point in the hub of the pinion
o, forward of the latter, I cut through into
Lh(, interior aperture of Lho hub at s, and on
the outside of thc hub at this point I place

a spring-clasp <%, whichis held in place by its

ends elasping ﬂxe hub, as scen in Ifig. 5, a
straight portion s¥ of the clusp between the
ends lodging in the aperture 5" of the huband
in the annular groove ¢ of the shaft, and by
its engagement with the shaft in said annualar
groove and with the hub in said noteh it re-
tains the pinion longitudinally on the shaft,
while permitting itto rotate freely,thestraight
portion $* of the clasp traveling around in
the annular groove ¢* during such rotation
of the pinion. A repairver will use a pin ov
other delicately-pointed instrument to spring
the clasp up out of the annular groove and
will then withdraw the pinion longitudinally
from the shaft when he desires to dismantle
the movement for any purpose 10([1111111”‘ the
separation of the front and rear plates of the
frame.

I claim—

1. In a chronomeler, in combination with
the winding shaft, drum or barrel, the cam
thereon; the eleetromagnet and its armature,
and the lovor which earries the Iatter having
an abutment adapted to operate against the
cam; the lever having an arm adapted to he
stopped by collision with the frame in the
movement caused by the attraction of the
magnet for the armature, one of said collid-

ing parts having an adjustment-screw by
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which the collision may tend, with respectto
the approach of the armature to the magnet-
poles and of the abutment to the end of the
cam-track, whereby the armature may be
prevented from contact with the poles, and
the abutment prevented from giving a blow
to the cam: substantially as set forth.

2. In achronometer,having a seconds-hand
rotating about a different center from the
minute-hand, in combination with the prin-
cipaltrain, atrain connecting the three hands,
said train having frictional connection only
with the prineipal train, such connection be-
ing at a wheel in said train intermediate be-
tween the minute and seconds hands.

3. In a chronometer, in combination with
the principal train, a train connecting the sec-
onds-hand, minute-hand and hour-hand, such
train being connected to the principal train
frictionally, and not positively, the wheels of
such train which extend from the minute-

Thand to the seconds-hand being mounted on

the shafts of the prineipal train, and having
the speeds of such shafts respectively, the
frietional connection being made at an inter-
mediate shaft of the principal train and cor-
responding intermediate wheel of the hands-
train.

4. In a chronometer, in combination with
the prinecipal train, a train frictionally con-
nected with the principal train and connect-
ing the seconds-hand, minute-hand and hour-
hand, a wheel in said train intermediate be-
tween the seconds-hand and minute-hand, be-
ing provided with a synchronizing device, and

(=13

an electromagnet and its armature provided
withalever-armadapted to operate upon such
synehronizing device.

5. In a chronometer, in combination with
the principal {rain, a train frictionally con-
nected with such prinecipal train, and extend-
ing between the seconds-hand, minute-hand
and hour-hand, such frictional connection be-
ing made at a wheel intermediate in the frain
between the minute-hand and the seconds-
hand, and a synchronizing-lever "adapted. to
operate upon such intermediate wheel.

6. In a chronometer, in combination with
thé principal train having the escapement-
wheel staff extending forwardly through the
frame; a train in front of the frame compris-
ing a pinion mounted on the forwardly-pro-
truding staff of the escapement-wheel; the
hub of said pinion having an aperture and
the staff having an annular groove in a posi-
tion corresponding to said aperture; and a
spring-clasp exterior to the hub having a por-
tion which lodgesin the aperture and extends
into the annular groove of the shaft, whereby
the pinion is longitudinally stopped on the
shaft and detachably disengaging the clasp:
substantially as set forth.

In testimony whereof I have hereunto set
my hand, in the presence of two witnesses, at

Chicago, Illinois, this 7th day of December,

1895.
CHAS. M. CROOK.

Witnesses: .
CHas. S. Burrox,
JEAN ELLIOTT.
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