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3,010,037
ELECTRIC WATCHES
John A, Van Horn, Lancaster, and Philip E. Biemillez,
Laudisville, Pa., assignors to Hamilton Watch Com-
pany, Lancaster, Pa., a corporation of Pennsylvania
Filed Jan. 28, 1257, Ser. No. 636,835
1 Claim. (CL 319—39)

This invention relates to an electric wrist watch and
more particuiarly relates to the source ‘'of motive power
for a watch wherein the balance wheel serves as the fre-
quency controiling element which is periodically impulsed
during passage through a magnetic field. :

The limited space within the case of a wrist watch im-
poses stringent limitations upon both the primaryelectric
source and the means for converting the electrical energy
into mechanical energy. - Further, it is obvious that the
amount of electrochemical energy which can-be built into
a wrist watch size battery is limited. This requires that
the -available . elecirical energy 'must ‘be: converted into
mechanical energy as efficiently as possible so that an ex-
tended battery life can be obtained. Tt is also necessary

“that the component parts of the electric and the mechanical
movement be kept to a minimum size; While many ‘at-
tempts have been made to solve this problem satisfactorily,
we are not aware that any electric wrist watch has ever
been successfully marketed.

The electric motors or sources of motive power here-
tofore proposed for converting electrical -energy to. me-
chanical energy in an electric wrist watch have generally
been of two types. In one arrangement a stationary elec-
tromagnet is energized to impulse a soft magnetic rotor,
The other type uiilizes a stationary permanent magnet and
a moving coil. The first type has been generally un-
satisfactory because, among other things, the'electrical
efficiency of such a motor is low. The second type can
have this same defect and in addition the permanent mag-
nets can produce extensive stray magnetic fields. = Stray
magnetic  fields are detrimental: in that they magnetize
steel parts within the watch and make it necessary to pro-
vide non-magnetic balance staffs to prevent a magnetic
influence which will alter the isochronal behavior . of
the frequency controlling element. Stray magnetic fields
also affect hairsprings. This gives rise to an additional
problem since hairsprings must be temperatme compen-
sated for -quality time pieces and this is commonly ac-
complished by using alloys having certain magnetlc char-
acteristics.

In assignee’s copending applications Serial No. 409, 934
filed February 12, 1954, now. Patent No. 2,888,797, and
Serial' No. 578,843, filed April 17, 1956, now allowed
there are disclosed certain constructions which we have
found are satisfactory in electric wrist watches. In addi-
tion to the constructions shown in those applications, we
have now found that it is also possible to provide satis-
factory eleciric watch movements utilizing a coil carried
by the balance staff or balance wheel and having portions
thereof substantiaily perpendicular to the balance wheel
intersecting stationary magnetic fields to provide balance
wheel impulsing: Actually these coil portions need not
be perpendicular to the balance wheel but must extend
in the general direction of the staff. That is to say, the
coil-portions must lie in directions having components
parallel to the balance staff.

According to a preferred embodiment of our new ar-
ranigement, the stationary magnetic fields:are provided by
permanent magnets which have stationary shunt members
in contact therewith and which cooperate with additional
stationary shunt members spaced from the magnets and
on the far side of active coil sections movably mounted
adjacent the magnets. ~According to a further embodi-
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ment of our present invention, a large plurality of active
coil sections are used in conjunction with a large plurality
of magnetic fields to-secure a high motor efficiency for
watch use. ’
Itis accordingly a primary object of the present inven-

_ tion. to provide an electric wrist watch operating from a
self-contained battery and having “a high efficiency of

conversion “of électrical to mechanical energy. :
It is another object .of the invention to provide an elec-
tric-wrist watch including 2 moving coil having portions

thereof substantiaily perp°ndICLIIar to the balance ‘wheel .

of the watch and cooperating with spaced magnetic fields
which have magnetic axes substantially radial with re-

: spect to the movement of the balance wheel.

It is.ancther object of the invention to provide an elec-
tric wrist:watch of the foregoing type which embodies
a shunt and magnet arrangement Whlch minimizes stray
magnetic fields.

Tt is still another object of the pxesent invention to pro-
vide an electric ‘wrist - watch  including a movable. coil
mounted for movement with the balance wheel and hav-
ing a plurality of portions thereof substantially perpendic-
ulai” to the balance wheel and moving through - intensi-
fied portions of magnetic fields.

"These and further objects and advantages of the inven-
tion will become apparent upon reference to the follow-
ing specification and claim and appended drawings where-
in:

FIGURE 1isa per spective view of an electric-watch
constructed according to one embodiment of our inven-
LIOJ . 5
FIGURE 2 is a plan view of the watch shown in FIG-
URE 1 taken along the line 2--2 in FIGURE 1;

PFIGURE 3 is a side elevation of the watch shown in
FIGURE 1;

FIGURE 4 is a partial vertical section:of the watch of
FJ.GURES 1 and 2 taken along the hne 4—4 of FIG-
URE 2;

’“IGURE 5is a pers ;ective view of the coil assembly-
utilized in the watch of FIGURES 1, 2 and 3;

FIGURE 6 is a perspective view of another embodi-
ment of a coil asscmb;y, : !

FIGURE 7-is-a plan view of danother embodiment of a
source of mwotive power for an electric wrist watch ac-
cording to our invention;

FIGURE 8 is a par :.lfﬂ vertical section of the Watch of
FIGURE 7 taken along the line 8—8 of FIGURE 7; -

FIGURE 9 is a perspective view of a portion of ‘a
balance wheel incorporating a coil according to' still an-
other embodiment of our invention;

FIGURE 10isa plan view of the portion of the balance
wheel and coil shown'in FIGURE 9;

FIGURE 11 is a partial vertical section of the balance
wheel and coil shown in FIGURE 10 taken along the line
11—11 of FIGURE 10;

FIGURE 12 is-a perspective view of a balance wheel
having a coil mounted thereon according to still a further
embodiment of .our invention;

FIGURE 13 is a partial vertical section of the balance
wheel and coil of FIGURE 12 taken along the line 13—
13 of FIGURE 12;

FIGURE 14 is a ‘paitial vertical section of a watch
constructed according to still another embodiment of our
invention; and

FIGURE 15'is a partial perspective view of a coil as-
sembly according to still a further embodiment of our in-
vention,

Referring to the figures of the drawing; and more par-
ticularly to FIGURES 1 through 3, there is seen an elec-
tric watch 18 which, as seen from the train side in FIG-
URES 1 and 2, comprises a pillar plate. 12 on which a
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balance wheel 14 is mounted by means of a balance cock
16 secured to pillar plate 12 by means of a screw 18.
The balance cock 16 supports an end stone and olived
jewel assembly 26 in which is journaled ore end of a
balance staff 22. The balance staff carries the usual hair
spring 23 controlled by the usual regulating pins 25. A
roller table 27 is carried on the balance staff 22 above
the balance wheel 14 and carries a pin 29 and contact 31
for making periodic electrical contact with a contact spring
arm - assembly 33, described in detail in assignee’s co-
pending application Serial No. 551,791, filed December
8, 1955, now Patent No. 2,954,663. The contact 31 is
cartied by a strip-'35 mounted on and insulated from the
roller table 27 ‘and one end of the coil presently to be
described is connected to this strip. - The balance wheel
14 consists of a rim 24 secured to.a hub 26 by means of
arms 28. The watch may be provided with a train, not
shown, and with a dial 38, hour hand 32, minute hand
34, and sweep second hand 36, as best seen in FIGURE 3.

The pillar plate 12 is provided with a cylindrical recess
38 beneath the balance wheel 14. The pillar plate is
slotted to provide side faces 42 and 44 and bottom sur-
faces 52 and 54. These surfaces receive the ears 46 and
48 of a ring 59 of magnetic material mounted within the
cylindrical recess 38. The ears 46 and 48 are attached
to the upper portion of the ring 5¢ and are secured to
the bottom surfaces 52 and 34 of pillar plate i2 by
means of screws 56 and 58. The ring 50 is apertured to
receive four small cylindrical magnets 60, 62, 64 and 66
which are press-fitted therein and which preferably have
a length to diameter ratio of substantially no greater than
one. Suitable magnetic materials are described in detail
in assignee’s copending application Serial No. 578,843,
filed April 17, 1956. While these magnets are referred
to as being cylindrical, it is to be understood that this
term is used in its broad geometrical sense and is not re-
stricted to right circular cylinders. The ring 50 is formed
of any suitable magnetic material such as low carbon steel
and the magnets 60, 62, 64 and 66 are so placed that
adjacent magnets have opposite magnetic poles facing
inwardly when a coil of the type illustrated is used.

Mounted on the rim 24 of balance wheel 14 is a coil
assembly generally indicated at 68, which consists of a
coil 7¢ preferably encased in a plastic material 72. Re-
ferring to FIGURES 1, 5 and 7, the coil 76 is electrically
wound in a zigzag fashion and consists of a plurality of
arcuate lower horizontal portions 74 and through that
strip to arcuate upper horizontal portions 76 connected
by vertical portions 78. The details of how such electri-
cal connections are made are well known to those skilled
in the art and are not illustrated. It will be noted that
the coil 78 has four vertical sections 78 which are simulta-
neously positionable adjacent magnets 68, 62, 64 and 66.
One end of the coil 70 is grounded to the balance wheel
14 while the other end of the coil is connected to the
strip 35 and contact 31 on contact roller 27. The balance
wheel is in electrical contact with the pillar plate which
has one terminal of a suitable battery connected thereto
while the other terminal of this battery is connected to
the contact spring arm assembly 33 in a manner disclosed
in detail in assignee’s copending application Serial No.
551,791, filed December 8, 1955, now Patent No. 2,954,-
663.
~ Referring to FIGURES 3 and 4, a ring 8¢ of magnetic
material is concentrically mounted within the lower por-
tion of the coil assembly 68 and is secured to the floor
82 of the recess 38 in pillar plate 12. It will thus be seen
that by means of the stationary rings 56 and 8¢ the flux or
magnetic field from the magnets 68, 62, 64 and 66 is con-
centrated at the inwardly extending faces of the magnets
so that relatively little stray field is produced. These
magnetic fields are stationary and arranged to simulta-
neously intersect the vertical portions 78 of coil 70.

In operation, the contact spring arm assembly 33 and
contact 31 effect an energization of the coil 76 each time
that the balance wheel and coil passes through the posi-
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tion shown in FIGURE 2 moving in a counterclockwise
direction. At this moment, the vertical legs 78 are within
the concentrated magnetic fields at the faces of magnets
60, 62, 64 and 66 so that the energization of the coil
causes four simultanecus impulses to be imparted to the
coil and balance wheel to move it in a counterclockwise
direction. With this arrangement it is possible to obtain
a larger impulse torque than is obtained in the two-field
arrangeinent shown in assignee’s copending application,
Serial No. 578,844, now Patent No. 2,954,664 hersin-
before mentioned. This permits sither a reduction in
battery size or an increase in battery life. Alternatively,
the number of coil turns may be reduced thereby de-
creasing coil cost.

While the embodiment of the invention shown in FIG-
URES 1 through 5 utilizes four vertical secticns on the
coil and four magnets, it will be appreciated that with
the constiuction of our inventicn it is possible to iitilize
a larger number of magnets without increasing the size of
the watch, Thus, referring to FIGURE 6, there is shown
another embodiment of a coil assembly &4 consisting of
a zigzag coil 86 encased within a synthetic resin ring 88.
According to this embodiment of the invention the coil
86 is provided with sixteen vertical portions $& which
may cooperate with sixteen concentrated magnetic fields.
With a shunt arrangement consisting of rings such as 58
and 80, as shown in FIGURE 4, the impulsing mechanism
utilizes no more space in the watch than does the em-
bodiment of the invention shown in FIGURES 1 through
5. 'While the coils shown in FIGURES 5 and 6 utilize
parallel vertical sides 78 and 99, it is also possible to use
other shapes such as that shown in FIGURE 15. Re-
ferring to this figure there is seen a coil assembly 91
having a saw-tooth coil 93 encased therein. Other coil
shapes can be used so long as the coil has legs having
a component parallel to the balance staff.

In both of the foregoing embodiments of the invention
the clearance between the inner surface of the coil assem-
bly 68 and the inner stationary shunt §6, and the clearance
between the inner faces of magnets 60, 62, 64 and 66
and the outer surface of the coil assembly may be made
so small as to provide a shockproof mounting of the bal-
ance wheel 14, This same small spacing which pro-
vides shockproof mounting intensifies the magnetic fields
through which the active vertical coi] sections pass and
minimizes stray field.

While it has been stated that the inwardly facing sur-
faces of adjacent magnets are of opposite polarity, this
condition is not essential and a converse arrangement
may be used. It will be understood by those skilled in
the art that the polarity of the magnetic field is deter-
mined by the direction of current flow in the coil por-
tions within the field, and that with an appropriately
shaped coil and magnetic circuit adjacent magnetic fields
may be of the same polarity.

An arrangement of this type is .shown in FIGURE 14.
Referring to that figure, there is shown a balance wheel
81 having a rim 93 and mounted on a balance staff (not
shown) and pillar plate 95 as in the embodiment of our
invention shown in FIGURES 1-3. The pillar plate 95
is provided with a circular recess 97 in which is mounted
a magnetic ring 99 carrying small cylindrical magnets
101. Beneath the ring an annulus 183 is mounted on the
floor 105 of recess 97 and extends inwardly toward the
center of the recess. This annulus is formed of magnetic
material and carries a ring 107 at its inner edge. The
ring 167 is also of magnetic material to thereby form
with ring 99 and annulus 183 a C-shaped magnetic circuit
which produces intense magnetic fields at the faces of
the magnets with very little stray field.

Carried by rim 93 of balance wheel 91 is a coil assem-
bly 169 of the type shown in FIGURE 6. This coil
possesses sixteen portions perpendicular to the balance
wheel and may be used with eight magnets having simi-
lar poles inwardly directed. While the magnetic circuit
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of FIGURE 14 is here described in connection with mag-
netic fields which are all of like polarity, it will be clear
to those skilled in the art that the converse arrangement
may be used. - Thus the magnetic circuit of FIGURE 14
may be used with the coil and magnet arrangement of
FIGURES 1-3. : :

Referring to FIGURES 7 and 8, there is shown an al-
ternative embodiment of our invention wherein a balance
wheel 92 is mounted on a pillar plate 94 in a manner
similar to that shown in the embodiment of the invention

.illustrated in FIGURES 1through 3. The balance wheel

92 consists of a rim 96 supported from a ‘collar 98 by
means of -arms 100 and 102, A coil assembly 164 similar
to that shown in. the preceding embodiments of the. in-
vention ‘is secured.to:the ‘outer surface of the rim. 96
and depends therefrom as seen in FIGURE 8. The coil
assembly 104 contains ‘a zigzag coil 106 of the same type
as shown in FIGURES 5 or 6, as an example. In this
embodiment of the invention, the pillar plate 94 is pro-
vided with a recess 108 of a larger diameter than the coil
assembly 104, and adjacent to the portions of the coil
106 which are perpendicular to the balance wheel 92; are
2 plurality of small cylindrical magnets 110. - These mag-
nets, however, are not mounted in a ring such as shown
in the preceding embodiments of the invention, but are
mounted in the vertical outer-legs 112 of C-shaped keep-
ers 114, as is best seen in FIGURE 8.

The keepers 114 are provided with vertically upstand-
ing inner legs 116 having arcuate laterally extending
upper shunt portions 118, as seen in both FIGURES 7
and 8. By providing a small clearance between the inner
surface of the coil assembly 164 and the surface of the
arcuate laterally extending shunt members 118 and a
small clearaiice between the inner surface of the mag-
- nets 11§ and the outer surface of the coil assembly 104,

a shockproof mounting can be provided while at the same
time obtaining an intense localized magnetic field with a
very limited stray field.

Referring to FIGURES 9, 10 and 11, there is shown
still a further embodiment of our invention whereini a
balance wheel 120 is mounted on a pillar plate 122 in a
manner similar. to- that disclosed in the preceding: em-
bodiments of the invention. - The balance wheel 120 is
provided with a rim 124 which is supported by means of
a-collar and support arms as were the balance wheels
in- the preceding embodiments of the invention. The
pillar plate 122 is provided with a circular recess 126.
Within the recess 126 are mounted a plurality of C-
shaped keepers 128, similar to. those shown in the em-
bodiment of the invention illustrated in FIGURES 7 and
8. The C-shaped keepers 128 have outer vertical legs
138 in which are mounted small cylindrical magnets 132,
The keepers also are provided with vertical inner legs 134
having arcuate laterally. extending shunt portions 136
which underlie the rim 124 of the balance wheel 120.

Mounted on the rim 124 of the balance wheel 128 is an
elongated arcuate coil 138 having long arcuate sides 140
and ‘142 lying in planes parallel to the plane of the bal-
ance wheel, and having end portions 144 and 146 which
are perpendicular to the plane of the balance wheel.: The

- coil .may be secured to the balance wheel in any suitable
manner, as, for instance, by means of clips 148 and 150
which are provided with hooked portions 152 and 154
clamping the upper arcuate side 146 of the coil. The clips
148 and 150 may be secured to the balance wheel by
means of screws 156 and 158. The C-shaped keepers 128
and small cylindrical magnets provide. intensified mag-
netic fields intersected by the depending sides 144 and
146 of the coil 138, - While a large number of keepers and
magnets may be utilized, it-is also possible to use two
relatively closely spaced magnets and keepers, as shown
in FIGURE 10, so as to provide a localized impulsing
mechanism for the balance wheel 129, to obtain the bene-
fits of the construction disclosed in assignee’s: copending
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application, Serial No, 409,934, filed February 12, 1954,
It will be apparent to those skilled in the art that where
such-a single coil 138 is uttilized, the balance wheel must
be courter-balanced as shown in the said aforementioned
copending application.

Referring to FIGURES 12 and 13, there is shown stiil - .

another embodiment of our invention wherein a balance
wheel 160 is mounted in a pillar plate 162 in a manner
similar to that utilized in the foregoing embodiments of
our invention. The balance wheel 160 consists of ‘a rim

164 supported from a ‘collar 166 by means of support

arms 168. Collar 166 is secured to a balance staff 170
ifr a conventional manner.

Mounted on balance wheel 16¢ is a coil assembly 172
consisting of a coil shown generally at 174 partially en-
cased in a sheet of synthetic resin 176." The coil 174 has
a ‘generally V-shaped portion comprising legs 178 and
188 which lie in the plane of the balance wheel. These
legs 178 and 180 are joined at the inmer ends thereof,
while the outer ‘ends of these legs are bent. downwardly
to form depending legs 182 and 184 which extend gen-
eraily perpendicular to the plane of the balance wheel
and depend therebelow. -The bottom of legs 182 and
184 are connécted by an arcuate coi} side 186 which lies
in a plane parallel to the balance wheel 160. The V-
shaped portion of coil 174 is encased within the syn-
thetic Tesin sheet X76 which may be pie-shaped, as shown
in FIGURE 12, and which may have a depending lip 190
which extends down over the outer edge of the rim 164
of balance wheel 160. The sheet 176 may be secured to
the balance wheel in any suitable manner, such'as by
means of screws 192 and 194,

With a coil of the type shown in FIGURE 12, a pair
of small cylindrical magnets 196 are provided in a recess
198 in the pillar plate 162, The magnets 196 are mounted
in C-shaped keepers 200 which may be of the same fype
shown in the embodiments of the invention illustrated
in FIGURES 7 through 11. These keepers may thus
consist of vertical inner legs 282 which recéive the mag-
nets 196 and’ vertical inner- legs 204 having arcuate lat-
erally extending shunt members 286, The magnets 196
are s0 spaced that they:lie opposite the vertical sections
182 and 184 of coil 174, 1t will thus be seen that the
C-shaped keepers and magnets 196 provide intensified
magnetic fields through these vertical portions of the coil
while minimizing stray magnetic fields. A localized im-
pulsing mechanism is provided, as in the embodiment of
the invention shown in FIGURES 9 through 11, and
balance wheel counter-balancing is necessary.

It will be apparent from the foregoing that we have
provided an electric watch mechanism™ having a source -
of motive power possessing adequate efficiency to pro-
vide long ‘service with a limited electrochemical energy
source -and which produces. negligible "or at least un-
objectionable stray magnetic fields. The source of mo-
tive power utilized .in the watches of our invention are °
capable of simultanecusly providing sheckproof mount-
ing of the balance wheel and high efficiency driving
power and aleo, according to cther embodiments of the
invention, may be localized in only a sector of the bal-
ance wheel.  With certain embodiments of our invention
no counter-balancing is necessary.

The invention may be embodied in other specific forms
without departing from the spirit or essential character-
istics thereof. The present embodiments are therefore
to be considered in all respects as illustrative and not
restrictive, the scope of the invention being indicated by
the appended claim rather than by. the foregoing de-
scription and all changes which come within the mean-
ing and range of equivalency of the claim are therefore
intended to be embraced therein.

What is claimed and desired to be secured by the
United . States Letters Patent is:

In a: battery operated electric watch, a balance wheel
and stafl assembly, ccil means carried by said assembly
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and having two spaced portions thereof extending in di-
rections substantially parallel to said staff, said two por-
tions being spaced about said staff less than 180° apart,
a magnetic sub-assembly for creating spatially limited
magnetic fields comprising an annular member of mag-
netic material having a U-shaped cross section, said an-
nular member comprising a first magnetic ring member
fixedly mounted between said coil means and said staff
concentrically with said staff, a second magnetic ring
member fixedly mounted exterior of said coil means
concentric with said staff, and a magnetic washer shaped
member interconnecting the edges of said first and second
magnetic ring members, a plurality of small cylindrical
permanent magnets attached to one of said ring mem-
bers and extending radially of said staff toward the other
of said ring members, said cylindrical magnets having
a diameter less than the dimension of said ring mem-
bers parallel to said staff and being mounted substan-
tially midway of this dimension so as to be enclosed

10

within the U-shaped portion of said annular magnetic 20

8

assembly to establish intemsified radial magnetic fields
between said ring members, the extent of said fields being
defined and limited by said washer shaped member and
said ring members to limit the stray magnetic field in
said watch, and means for periodically connecting said
coil means to a battery, said coil means being mounted
for oscillation through said intensified magnetic fields so
as to receive plural impulses instantaneously from said
intensified fields,
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