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ABSTRACT: A resonator-driven timepiece is disclosed com 
prising a high Q electromechanical resonator which is capable 
of high excursions without 0 degradation. Because of the high 
excursions, the gear driven by the resonator includes large 
teeth. The gear is preferably annular with the resonator 
disposed within the internal dimension of the gear. The 
resonator is preferably piezoelectrically driven. 



3.595007 PATENTSED JUL27 I97: 
SHEET 1 0F 2 

INVENTOR. 
HUGH M. BAKER, JR. 

)/ IO 
l4 

6% 7mm 

I6 

20 46 5o / 

‘3438 

FIG.‘ I 

2 

He. 2 

ATTORNEYS. 



PATENTEDJULNIQH 3595,00? 
SHEET 2 BF 2 

22.6 204 2K) 52 2I2 '14 

in 

-' I 26 

208 216 2222'8 220 
202 

He. ? 

INVEH'I‘UR 

HUGH M4 BAKER, JR 

BY 777% 



3,595,007 
1 

RESONATOR-DRIVEN TIMEPIECE 

CROSS REFERENCE TO RELATED APPLICATIONS 

This application is related to application Ser. No. 535,430 
entitled RESONATOR TOGETHER WITH METHOD AND 
MEANS FOR VARYING THE FREQUENCY THEREOF, 
filed July 15, 1966; applicationSer. No. 714,221 now Pat. No. 
3,453,464 entitled RESONATOR, ?led Mar. 19,1968, and ap 
plication Ser. No. 836,026 entitled RESONATOR, ?led June 
24,1969 all of which are commonly assigned 

BACKGROUND OF THE INVENTION N 

Resonator-driven watches are well known in the art and 
generally comprise a tuning fork, an index ?nger mounter in 
termediate the ends of one of the tuning fork tines, a small 
rachet wheel positioned adjacent the index ?nger and driven 
thereby, a more or less conventional gear reduction unit 
driven by the rachet wheel for moving the second, minute and 
hour hands of the timepiece, and electromagnetic means for 
energizing the tuning fork at a predetermined frequency. 
Watches of this type are found in U.S. Pats. Nos. 2,929,196; 
2,949,727; 2,960,817; 2,971,323; 3,057,147 and others. 
Although a tuning fork has proved to be a successful driving. 
mechanism for a watch, there are three basic disadvantages of 
a tuning fork which complicate the construction of a satisfac 
tory and inexpensive resonator-driven watch. First, a tuning 
fork is susceptible to shock, vibration and orientation which 
are critical in a watch. Second, the excursion or movement of 
the tines of a tuning fork is quite small. Third, the Q of a tun 
ing fork is relatively low. In a mechanical resonator, Q is an 
expression of the amount of energy conserved compared with 
the amount of energy dissipated. 
A consideration of these disadvantages has necessitated the 

use in a watch of a relatively high frequency tuning fork driv 
ing a very small rachet wheel from a position intermediate the 
ends of the tuning fork tine. As explained in the ?le wrapper of 
U.S. Pat. No. 2,971,323, the selection of a relatively high 
operating resonant frequency is necessary to avoid shock in 
duced variations in the resonant frequency. As pointed out in 
U.S. Pat. Nos. 3,310,756 and 3,310,757, resilient mounting 
plates are used for tuning fork driven timepieces in order to 
minimize the effect of vibration and shock imparted to the 
base. 

The small excursion of the tuning fork tine has necessitated 
the use of rachet wheel having very small teeth thereon. For 
example, U.S. Reissue Pat. No. 26,322 states that one opera 
ble rachet wheel is 0.095 inch in diameter, containing 300 
teeth of 0.008 inch in length. It is a tribute to the patience and 
persistence of timepiece manufacturers that tuning fork 
driven watches are presently on the market. The necessity for 
small rachet wheels having extremely small teeth is aggravated 
by the necessity of placing the driving index ?nger inter 
mediate the ends of the tine rather than on the end thereof. 
Appropriate placement of the driving index ?nger of prior 

prior art tuning fork driven time piece motors is necessary 
either to limit the energy given up by the tuning fork, to match 
the mechanical impedance of the tuning fork with the 
mechanical impedance of the reduction gears or a combina 
tion of both. A practicable compromise has been to position 
the driving index ?nger intermediate the ends of the tuning 

' fork tine. 

It is known in a clock to drive magnetically off of the end of 
the tuning fork tine. While this is feasible in a clock where the 
tuning fork is of substantial size, it is not feasible in a watch 

. where the size of the tuning fork is necessarily limited. 
It has been suggested in the prior art to use a resonatorof 

the same generic family as here disclosed for a timepiece 
drive, Electronics Magazine, Oct. 2, 1967, at page 103 and 
Proceedings of the Radio Club of America, Inc, Volume 43, 
No. 1, Nov. 1967 at page 9. Careful reading of these prior art 
references will reveal that the only resonator disclosed is the 
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2 
generally H-shaped device disclosed in application Ser. No. 
565,430. This resonator is not adapted to drive a timepiece 
mechanism since the excursion of the rigid parts is extremely 
small. In order to obtain excursions large enough with the H 
shaped resonator to drive a rachet WheeL'the web must be 
bowed to such an extent that the Q of the resonator falls off to 
such an extent that this resonator cannot be used for 
timepiece motors. 

It has been suggested in Japanese Pat. No. 18352, issued 
Aug. 3, 1968, to use a resonator of the same generic family as 
here disclosed for a timepiece drive. There is no disclosure in 
this patent concerning the drive connection from the resona 
tor to the watch reduction gears or the manner in which the 
resonator is excited. 

SUMMARY OF THE INVENTION 

A timepiece motor is provided comprising a generally annu 
lar gear having teeth thereon, a resonator disposed at least 
partially within the internal dimension of the gear and means 
carried by the resonator operably driving the gear in ac 
cordance with the frequency of the resonator. A timepiece 
motor is provided comprising a resonator comprised of op 
positely rotating rigid parts interconnected by a ?exible part 
inducing counter-rotary movement and producing substantial 
excursions of the ends of the rigid parts, a gear having teeth 
thereon and means operatively carried by at least one of the 
rigid parts adjacent the end thereof for driving the gear in ac 
cordance with the frequency of the resonator. 

It is an object of the invention to provide a timepiece motor 
comprised of a resonator which is insensitive to shock and 
vibration, frequency independent of orientation, having high 
Q, and which has substantial excursions at the resonator end. 

It is another object of the invention to provide a timepiece 
comprised of a resonator and a gear both of which are 
generally the same size as the internal chamber of the 
timepiece. 
A further object of the invention is to provide a timepiece 

motor comprised of an annular gear and a resonator opera 
tively driving the gear and disposed at least partially within the 
internal dimension thereof. 
A still further object of the invention is to provide a 

timepiece motor comprised of a resonator operatively driving 
a gear or rachet wheel from adjacent the end of the resonator. 

Further objects, advantages and important features of this 
invention will be apparent from a study of the speci?cation 
following taken with the drawing which together describe and 
disclose preferred embodiments of the invention and what is 
now considered and believed to be the best mode of practicing 
the principles thereof. Still other embodiments, modi?cations 
or equivalents may be apparent to those having the teachings 
herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan view of a timepiece motor in accordance 
with the principles of the invention; 

FIG. 2 is a cross-sectional view of the timepiece motor of 
FIG. 1, taken substantially along line 2-2 thereof as viewed in 
the direction of the arrows; 

FIG. 3 is a partial view of a portion of the timepiece motor 
of FIG. 1 illustrating the cooperation between a resonator and 
a rachet wheel at one-half cycle of resonator operation; 

FIG. 4 is another partial view of the timepiece motor of FIG. 
1 illustrating the cooperation between the resonator and 
rachet wheel at another half-cycle of resonator operation; 

FIG. 5 is a plan view of another resonator which may be 
used in a time piece in accordance with the principles of the 
invention; 

FIG. 6 is an end view of the resonator of FIG. 5; and 
FIG. 7 is an enlarged cross-sectional view of one embodi 

ment of a timepiece made in accordance with the principles of 
the invention. 
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DETAILED DESCRIPTION OF THE EMBODIMENTS ’ 

Attention is directed to FIGS. 1 and 2 wherein . there is 
shown a timepiece motor 10 comprised of a resonator 12, an 
annular gear 14 and means 16 driving the gear 14 in ac 
cordance with the frequency of the resonator 12. 
The resonator 12 comprises a pair of parts 18, 20 which are 

pivotally mounted by supporting pins 22, 24 extending from a 
base 26 for enabling the parts 18, 20 to rotate about the 
respective nodal axes 28, 30 thereof. The supporting pins 22, 
24 may be of any convenient type but are illustrated as com 
prising a pin 32, 34 af?xed to the base 26 and surrounded by a 
resilient collar 36, 38 positioned in a similarly con?gured 
aperture in the rigid parts 18, 20. 
The parts 18, 20 are con?gured such that the mass moments 

of inertia are generally equal and such that the centers of 
gravity 40, 42 are substantially intersected by the nodal axes 
28, 30. The parts 18, 20 are called rigid or bodily rigid which 
meansthat they are un?exing at a resonant frequency of the 
resonator 10 although they may be ?exible at higher frequen 
cies. The rigid parts 18, 20 are provided with aligned large cu 
touts 44, 46 and somewhat smaller aligned cutouts 48, 50 
which together provide for the connection of a third part 52 to 
the ?rst and second parts 18, 20 and also accommodate move 
ment of the third part 52. The third part 52 is connected to the 
rigid parts 18, 20 in the small cutouts 48, 50 in any suitable 
manner. 

The third part 52 is termed ?exible or bodily ?exible which 
means that it ?exes at a resonant frequency of the resonator 
10 although it may be in?exible at lower frequencies. The 
third part 52 is preferably ?exed by a piezoelectric wafer 54 
a?'ixed to the web 52 and controlled by electrical energy 
delivered through a pair of wires 56. Application of voltage of 
one polarity through the wires 56 expands the piezoelectric 
wager 54 affixed to the web 52 and controlled by electrical 
energy delivered through a pair of wires 56. Application of 
voltage of one polarity ti‘ rough a pair of wires 56 expands the 
piezoelectric, wafer 54 thereby bending the web or third part 
52 into an upwardly convex con?guration illustrated in long 
dash lines in FIG. 1. Because of the connection between the 
web 52 and the rigid parts 18, 20, the parts 18, 20 are counter 
rotated into the position illustrated by the long dash lines in 
FIG. 1. In a similar manner, application of voltage of opposite 
polarity through the wires 54 contracts the piezoelectric wafer 
54 thereby bending the web 52 into the upwardly concave 
position shown in short dash lines. Accordingly, the rigid parts 
18, 20 are counterrotated to assume a position indicated by 
the short dash lines in FIG. 1. It will be appreciated that the 
dash lines illustrated in FIG. 1 are somewhat exaggerated. A 
more complete description of the operation of this type of 
resonator is shown in the publication above cited. 
The only substantial difference between the resonators here 

disclosed and the resonators in these publications is the point 
of connection between the web and the rigid parts. As shown 
in FIG. 1 of the Radio Club of America publication, the ?exi 
ble web is secured to the inner edges of the rigid members 
which presents a web of short extent with the resonator con 
sequently having a movement or excursions of the rigid parts 
which is too small to drive a rachet wheel of a watch. The ?ex 
ible part 52 may be described from time to time as being con 
nected to the ?rst and second parts to produce substantial ex 
cursions at the ends of the rigid parts. This'terminology is in 
tended to exclude resonators of the type disclosed in the cited 
publications. ' 

As will be pointed hereinafter with respect to FIG. 7 and 8, 
the provision of the piezoelectric wafer 54 provides a substan 
tial advantage in timepiece motors and particularly in watch 
motors. It will be apparent that the piezoelectric wafer 54 does 
not require any additional space in a timepiece case but in 
stead utilized previously unused space within the external con 
fines of the resonator. This is obviously contrasted with the 
electromagnetic coils used in the previously cited patents 
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which require additional case space. Although tuning forks 
may theoretically be driven by a piezoelectric wafer, a 
piezoelectrically driven tuning fork has such a low O that it is 
impracticable to take'additional energy from the tuning fork 
for driving a rachet wheel. For example, a very good undriven 
wrist watch size tuning fork has a Q of about 1,000. Driving a 
tuning fork electromechanically does not catastrophically 
degrade the Q of the resonator. An electromagnetically driven 
wrist watch size tuning fork which has an unloaded Q of about 
1,000 has a Q of about 350 when used to drive a rachet wheel. 
An unloaded tuning fork of this size and quality which is 
driven by a piezoelectric wafer has a Q of about less than 100 
which leaves little energy remaining to drive the rachet wheel. 
On the other hand, a piczoclectrically driven resonator of 

the type shown in the cited publications has a Q of about 
1,000. Although Q has not been measured with the type of 
resonator disclosed herein, calculations indicate that 0 would 
not be substantially different than the already commercial H 
shaped resonator in the publications. Consequently, a 
piezoelectric wafer can be used in these types of resonators 
and still provide high Q. 
The annular gear 14 is illustrated as having internal teeth 58 

with the resonator 12 residing within the internal dimension of 
the annulus. It will be apparent this is of considerable im 
portance in a watch where space is at a premium. The driving 
means 16 comprises a pair of pawls or index ?ngers 60, 62 
which comprise a resilient strip 64, 66 secured at one end to 
the rigid parts 18, 20 adjacent the end thereof. A tip 68, 70 is 
provided on the ends of the resilient strips 64, 66 for engaging 
the teeth 58 on the gear 14. Similar pawls 72, 74 may be pro 
vided adjacent the opposite ends of the rigid parts 18, 20 in 
order to balance the extraction of energy from the rigid parts 
18, 20. 
As the rigid parts 18, 20 counter rotate into the position 

shown by the short dashed lines in FIG. 1, the parts will as 
sume the operative relationship shown in FIG. 3. It will be ap 
parent that as the pawl 60 rotates the gear 14 in the direction 
shown by the arrow, the pawl 62 is cammed out of engage 
ment with ?ve and into driving engagement with the tooth 
numbered four. As the rigid parts 18, 20 are driven into the 
position shown by the long dashed lines in FIG. 1 the pawl 62 
drives the gear 14 in the direction shown by the arrow in FIG. 
4 while the pawl 60 is cammed downwardly by the tooth num 
bered two preparatory to the reversal of movement. It will be 
noted that the amplitude of oscillation of the rigid parts 18, 20 
is greater than the adjacent teeth 58 and less than the spacing 
between two adjacent teeth 58 on the gear 14. The amplitude 
of movement of the rigid parts 18, 20 may be controlled as 
shown in US. Pats. Nos. 2,929,196; 2,971,323; 2,960,817 or 
in any other suitable manner. 

Referring now to FIGS. 5 and 6, there is disclosed another 
resonator 112 which is suitable for timepiece motor use. For 
purposes of brevity, analogous reference characters are used 
to indicate analogous elements, most of which will not be 
speci?cally discussed. The major difference between the em 
bodiment of FIGS. 5 and 6 and the embodiment of FIGS. 1 
and 2 resides in the locations where the web 152 is connected 
to the rigid parts 118, 120. The web 152 is connected to one 
end of the rigid part 118 through a bent end 172 while the 
other end of the third part 152 is connected to the opposite 
end of the rigid part 120 by a bent end 174. The resonator 112 
is substantially identical to the resonators shown in FIG. 12 in 
application Ser. No. 714,221 and has all of the necessary 
characteristics for timepiece motor use as do all of the remain 
ing resonators of this application. . 
The operation of the resonator 112 is substantially the same 

as the operation of the resonator 12. Application of a voltage 
of predetermined polarity through the wires 156 expands the 
piezoelectric means 154 to bow the web 152 into a leftward 
concave con?guration counter rotating the rigid parts 118, 
120 to separate the pawls 160, 162. The pawl 160 operates to 
drive the gear (not shown) while the pawl 162 is cammed by 
one of the gear teeth into a position to drive the gear upon the 
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reversal of movement of the parts 118, 120. Application ofa 
voltage of opposite polarity. through the wires 156 operates to 
contract the piezoelectric means 154 which bows the web 152 
into a rightward concave relationship to counter-rotate the 
parts 118, 120. The pawls 160, 162 approach each other with 
the pawl 160 driving the gear (not shown) while the pawl 160 
is cammed into a position to drive the gear upon reversal of 
movement of the parts 118, 120. 

Referring now to FIG. 7, there is illustrated a watch 200 
having as an integral part thereof the timepiece motor 10. The 
resonator base 26 is used as the support for the remaining ele 
ments of the watch 200. The watch 200 comprises a trans 
parent front wall 202 and a backwall 204. A timepiece dial 
plate 206 is arranged behind the front wall 202 and attached 
to the base 26 by a suitable spacer 208. The annular gear 14 is 
connected to a shaft 210 by a spoke arrangement 212. The 
shaft 210 is disposed between the rigid parts 18, 20 and spaced 
from the web 52. The shaft 210 is journaled in a passage 214 
in the base 26. A conventional watch gear reduction unit 216 
operatively connects the shaft 210 to a second hand shaft 218, 
a minute shaft 220 and an hour hand shaft 222 in a suitable 
manner. 

A battery 224 is removably mounted on the base 26 and is 
electrically connected to suitable circuitry (not shown) for al 
ternately applying of voltages of opposite polarity to the 
piezoelectric means 54. The electrical circuitry may, for ex 
ample, be disposed on the base 26. The rigid part 18 is illus 
trated as cut away at 226 to provide adequate clearance ad 
jacent the battery 224. A similar cutout 228 is provided on the 
opposite end of the rigid member 18 to ensure that the center 
of gravity of the member 18 does not move from adjacent the 
nodal axis. It will be apparent that the cutouts 226, 228 need 
be provided only adjacent the ends of the rigid member 18. 
Although the organization of the components of the watch 

200 is the best mode of practicing the principles of the inven 
tion, it will be apparent that other placements of the com~ 
ponent pans are practicable. It will be seen that the provision 
of a piezoelectric wafer 54 disposed substantially within the 
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internal con?nes of the resonator l2 conserves considerable 
space in the case provided by the front and rear walls 202, 
204. By the term external dimensions of the resonator, it is in 
tended to mean the dimensions required by the resonator to 
oscillate freely rather than the external dimensions of the 
resonator at rest. 

It will be seen that providing the resonator 12 at least par 
tially within the internal dimension of the gear 14 likewise 
conserves space within the timepiece case and allows for a 
watch of minimum thickness. Since the resonators 12, 112 are 
of a type having substantial excursions at the end of the rigid 
parts without degrading the Q of ‘the resonator, the gear 14 
may be driven off of the ends of the rigid parts thereby 
enabling the use of a gear having substantial sized teeth as 
compared to prior art resonator driven rachet wheels. 

lclaim: 
1. A timepiece motor comprising 
a generally annular gear having teeth thereon; a resonator 

disposed at least partially within the internal dimension of 
the gear; and 

means carried by the resonator operatively driving the gear 
in accordance with the frequency of the resonator. 

2. The timepiece motor of claim 1 wherein the resonator 
de?nes a plane generally parallel to the annular gear. 

3. The timepiece motor of claim 1 wherein the resonator 
comprises a plane coincident with the plane of the annular 
gear. 

4. The timepiece motor of claim 1 wherein the gear teeth 
are on the internal diameter thereof. 

5. The timepiece motor of claim 1 wherein the teeth de?ne 
ratchet teeth and the driving means comprises an index ?nger. 

6. The timepiece motor of claim 5 wherein the resonator 
comprises oppositely moving parts, the index ?nger is af?xed 
to one of the moving parts and the driving means further com 
prises another index ?nger secured to the other part the gear 
emg successively rotated by one and then by the other index 

?nger, the driving movement of one of the index ?ngers cor 
responding to the return movement of the other. 


