
United States Patent 
Kanazawa et al. 

54 BALANCE WHEEL ASSEMBLY OFA 
BATTERY-DRIVEN TIMEPECE 

(72) Inventors: Kozaburo Kanazawa; Eiji Kawa 
kami, both of Tokorozawa, Japan 

73) Assignee: Citizen Watch Co. Ltd., Tokyo, 
Japan 

Filed: Sept. 28, 1970 
Appl. No.: 76,122 

22) 
21 

30) Foreign Application Priority Data 
Sept. 29, 1969 Japan......................44/77676 

52) 
51) 
58) 

U.S.C.......................... 58/28 D, 58/117, 74/1.5 
int.C. ................ G04c 3/04, G04b 15/14, F16h 
Field of Search.....58/28, 28 A, 28 B, 28 D, 107, 

58/110;74/1.5 

O 

N N SAN N-N-N-N-N N N N S N N N N N N N N. 

(15) 3,681,915 
(45) Aug. 8, 1972 

56) References Cited 

UNITED STATES PATENTS 
3,058,293 10/1962 Egger......................... 58/28 D 
Primary Examiner-Stephen J. Tomsky 
Assistant Examiner-Edith C. Simmons Jackson 
Attorney-Sughrue, Rothwell, Mion, Zinn & Macpeak 

57 ABSTRACT 
This invention concerns with a drive balance wheel as 
sembly for use in an electronic timepiece, an impulse 
pin being fixedly mounted to steppingly drive an 
escape wheel. 
This improvement comprises the arrangement of said 
impulse pin so as to have an offset angle, 20 or more, 
relative to the common diameter of the balance and 
escape wheels for compensating unavoidable am 
plitude reduction as met with consumption of a source 
battery fitted in the timepiece. 

2 Claims, 6 Drawing Figures 
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3,681,915 
BALANCE WHEELASSEMBLY OF ABATTERY. 

DRIVENTMEPIECE 
This invention relates to improvements in and relat 

ing to a balance wheel for use in a battery-driven elec 
tronic timepiece, wherein an impulse pin mounted on 
the balance wheel drives an escape wheel. 

It is commonly known that the drive battery used in 
an electronic timepiece will be subjected to gradual 
voltage reduction as it consumes its power during ex 
tended use of the timepiece. 
With reduction of the applying voltage thus caused, 

the operating amplitude of the balance wheel will natu 
rally be subjected to a corresponding gradual reduc 
tion, resulting in a corresponding alteration in the regu 
lar stepping movement of the timepiece. 

in order to overcome such a conventional drawback 
of balance wheel amplitude reduction, a certain brake 
means is additionally fitted to the mechanism at the 
cost of an increased power consumption. 
As an alternative way, the hair spring is controlled in 

its winding angle which results, however, in considera 
ble additional time and cost in the timepiece manufac 
ture. 

As a still further counter measure, a provision of 
magnetic brake means is made in close proximity of the 
balance wheel, so as to perform a similar job for im 
proving the isochronism of the timepiece. 
THe main object of the invention is to provide anim 

proved balance wheel, capable of providing a highly 
stabilized isochronism in the operation of the timepiece 
fitted therewith, even when the balance wheel is sub 
jected to amplitude variation caused by the battery 
consumption in the above-mentioned sense. 

In order to fulfill the aforementioned object, the 
drive balance wheel according to this invention is so 
designed and arranged that the impulse pin fixedly 
mounted on the wheel for driving an escape wheel is 
positioned so as to establish a central angle of 20 or 
more on the balance wheel as measured from the com 
mon diameter to the said both wheels and with the 
balance wheel kept at its neutral position. 
These and further objects, features and advantages 

of the invention will become more apparent when read 
the following detailed description of the invention by 
reference to the accompanying drawings illustrative of 
substantially a preferred embodiment of the invention. 

In the drawings: 
FIG. is an axial sectional view of a preferred em 

bodiment of the drive balance wheel according to the 
invention wherein, however, the driven escape wheel is 
also shown. 
FIG. 2 is an enlarged schematic plan view of a con 

ventional roller of a balance wheel, an impulse pin fix 
edly mounted thereon and a driven escape wheel, 
shown in such position of the balance wheel which is 
held in its stationary or neutral position. 

FIG. 3 is a similar view to FIG. 2, showing the im 
proved structure according to this invention. 

FIG. 4 is a rather specific and still further enlarged 
plan view of a modified shape of a drive balance wheel 
embodying the principles of the invention, wherein the 
driven escape wheel, sensing and driving permanent 
magnets mounted on the balance wheel and a stationa 
ry coil assembly adapted for cooperation with these 
permanent magnets are shown additionally. 

FIGS. 5 and 6 are isochronic performance curves of 
a drive balance wheel according to this invention. 
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2 
Referring now to FIG. 1 of the accompanying 

drawings, numeral 10 denotes a balance wheel arbor 
which is rotatably mounted with its both ends by con 
ventional timepiece plate 20 and a conventional 
balance bridge 21 which are shown only partially on ac 
count of their very popularity and for simplicity of the 
drawing. A pair of balance wheel discs 11a and 11b are 
fixedly attached at their centers to the arbor 10 and 
carry thereon a plurality of permanent magnets 12a 
and 12b and counter weights 13a and 13b, said magnets 
being arranged to electromagnetically cooperate with a 
stationary coil means 14 which is fixedly mounted on 
the plate 20 through a mounting means 15. Although 
not shown, the coil means 14 consists of a sensing coil 
element and a drive coil element which are com 
poundly wound into a single coil mass. These coil 
means 14 and mounting means 15 are shown in chain 
dotted lines and substantially by their respective out 
lines only for simplicity. The said coil elements are con 
nected electrically with a conventional electronic drive 
circuit, not shown, and a battery, again not shown, for 
transmitting sensed electric signals to and receiving 
drive currents from the electronic circuits when the 
balance wheel is kept in its oscillatory movement, as 
will be more fully described hereinafter. The balance 
wheel is provided with a conventional hair spring 16 
with its ends fixedly attached to conventional stud 17 
and collet 18. 

In close proximity to the lower end of the arbor 10, 
the latter is fixedly attached with a mounting disc 19 
which mounts fixedly in turn an impulse pin 22. 
An escape wheel 23 having peripheral ratchet teeth 

23a is rotatably mounted by its arbor 25 between a 
second bridge 24, only partially shown, and the piate 
20, said teeth being positioned in the acting area of the 
impulse pin 22 when the escape wheel 23 rotates. 
The escape arbor 25 is formed with an escape pinion 

26 which is operatively connected with a conventional 
movement gear train, for driving the latter, although not shown. 
A positioner magnet 27 for the escape teeth 23a is 

mounted fixedly on the plate 20. 
The centers of the balance wheel and thus the 

balance wheel arbor 10 and the escape shaft 25 are 
denoted in FIGS. 2 and 3 at O, and O, respectively; the 
common diameter connecting these centers is shown 
by a chain-dotted line 28, respectively. 
When the balance wheel is kept stationary and in its 

neutral position illustrated by way of example in FIGS. 
2 and 3 for the case of the conventional and the inven 
tive arrangement, respectively, the impulse pin 22 will 
occupy the position on the common diameter in the 
conventional case and at certain angularly offset posi 
tion relative to the latter. According to our practical 
experiments, this offset angle "alpha'should be 20 or larger. 
As was referred to hereinbefore, the electronic 

timepiece of the above kind employing the escape 
wheel, the balance wheel amplitude will be subjected to 
a gradual reduction with reduction of the battery volt 
age, and this kind of amplitude reduction will naturally 
and adversely affect upon the isochronic performance 
of the timepiece. The thus caused isochronic error de 
pends upon various factors such as escape error, wind 
ing angle of hair spring, eccentric mounting of the 
latter, shift of the center of gravity, and the like. 
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According to the prior technique, these erroneous 
factors have been attempted to be remedied indepen 
dently and separately. However, it is naturally impossi 
ble to realize a complete compensation of these various 
factors as a whole, thus remaining always a certain 
degree of residual error which will appear as the 
isochronic error making the timepiece performance 
correspondingly inferior. 
According to the present invention, the escape error 

which constitutes a main error of these various errors is 
so advantageously controlled that all the remaininger 
rors may substantially be cancelled out. 
By mounting the impulse pin in an angularly offset 

position by a certain angle "alpha', as measured at the 
neutral position of the balance wheel relative to the 
escape wheel, as was specifically referred to hereinbe 
fore, the escape error will increase gradually for a cer 
tain constant amplitude of the balance wheel oscilla 
tion, and the thus resulted error is, as ascertained by 
our practical experiments, intimately related with in 
crease of the offset angle of the impulse pin. 
On the other hand, any person skilled in the art may 

well recognize that there is an exponential relationship 
between the balance wheel amplitude reduction in the 2 
above sense and the isochronic characteristic curve of 
the timepiece. According to our experimental 
knowledge, the escape error caused to appear in a 
latent sense in the arrangement according to this inven 
tion by the offset arrangement of the impulse pin takes 
always in the shape of an exponential curve of substan 
tially similar nature as before, yet in the opposite or 
compensating sense. This latent error can be negative 
or positive, as the case may be, relative to the common 
diameter to the both balance and escape wheels. Under 
conditions according to the present invention the im 
pulse pin is positively offset from the the common 
diameter to that which has been shown and described 
hereinabove. 
By determining the isochronic curve for each com 

mercialized timepiece model by experiments, a certain 
offset angle and its positive or negative sign for the im 
pulse pin can also be determined upon performing 
several minor experiments, so as to substantially cancel 
out the overall error. 

In this way, a highly favorable overallisochronic per 
formance characteristic for a specific timepiece model 
can easily be provided. 
FIGS. 5 and 6 represent isochronic error curves for 

the impulse pin mounted at nil and 20 of the offset 
angle as hinted in FIGS. 2 and 3, respectively, as being 
caused by the battery voltage variation. 
The curve shown in FIG. 5 was obtained with the 

balance wheel arbor in its vertical position, while that 
shown in FIG. 6 was obtained with the arbor positioned 
in its horizontal position. 

In the conventional arrangement shown in FIG. 2, 
the escape error would be substantially nil by the provi 
sion of the impulse pin on the common diameter. 
The isochronic curves shown in FIGS. 5 and 6 

represent each an appreciable inclination of change 
with gradual reduction of the source voltage, represent 
ing in the mean (see Xo) a daily stepping error of 
between about 20-30 seconds. In these figures, 'o' 
denotes a standard deviation. 
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4 
In contrast thereto, in the case of the escape arrange 

ment shown in FIG. 3 according to the invention, 
wherein, as was referred to hereinbefore, the impulse 
pin 22 is positioned at an offset angle of about 20 
degrees, the daily stepping error X in the mean has 
been substantially improved to about 5 seconds. In this 
figure," or 'represents again a standard deviation. 
More specifically, since the escape arrangement 

shown in FIG. 2 has a negative isochronic charac 
teristic curve as ascertained by practical experiments, it 
is necessary to a positive escape error for cancelling out 
the said negative error. Therefore, by positioning the 
impulse pin 22 so as to have a clockwise offset angle 
relative to the common diameter 28, the pin 22 will 
turn in the direction shown by the small arrow and 
apply animpulse force onto one of the escape teeth 23a 
of the escape wheel at a position beyond the newly 
established neutral position 29 of the balance wheel 
during the forward oscillation stroke of the latter. Dur 
ing the reverse stroke of the impulse pin 22, it will 
apply an impulse force onto one of the escape teeth 23a 
at a position in advance of the neutral position, 

It should be noted that, in this case of the inventive 
5 escape arrangement, the escape wheel 23 will perform 
a certain return movement, not only in the forward 
oscillation stroke of the balance wheel shown by the 
small solid arrow, but also in the reverse oscillation 
stroke of the same wheel in the direction opposite to 
that, as shown by the dotted arrow. However, thanks to 
the positioning of a positioning magnet 27 cooperative 
with one of the escape teeth 23a which is thus magneti 
cally attracted, the escape wheel 23 will be returned to 
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the original position upon performing said slight 
reverse movement. The drive force exerted by the im 
pulse pin 22 onto the escape teeth 23a in the forward 
direction shown by the arrow is selected to be larger 
than that applied by the pin in the reverse direction. 
Thus, with the offset angle of the impulse pin shown in 
FIG. 3, the applying force by the pin is larger than that 
which will be applied after passage of the pin through 
the neutral position 29. This will result in the develop 
ment of a positive escape error which can effectively 
compensate the aforementioned negative isochronic 
characteristic. 
The initial rotational direction and the offset angle 

(alpha) of the impulse pin 22 is determined based upon 
the isochronic characteristic as determined for the off 
set angle selected to nil. In practice, however, it will 
suffice to set the compensation for the case of the 
minimum usable source voltage such as, for instance, 
1.1 volts in the case of FIGS. 5 and 6. 
FIG. 4 illustrates a modification from that shown and 

described hereinabove wherein modified balance 
wheels proper 11a' (11b') are fixedly attached to a 
balance arbor 10' and carry thereon permanent mag 
nets 12a' (12b') and 12c (12d) adapted to electromag 
netically cooperate with coil assembly 14'. In diametral 
opposition to these permanent magnets, a unified and 
arcuated counter weight mass 13 is fixedly mounted on 
the balance wheel. At the lower end part of the balance 
arbor 10', there is provided an impulse pin 22 fixedly 
attached thereto as before. This impulse pin 22' is also 
positioned with an offset angle amounting to 20 or 
more, relative to the common diameter of the balance 
wheel and the escape wheel. Numeral 23' denotes the 
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conventional escape wheel of conventional design and 
having its arbor 25' rotatably mounted as before, 
although not specifically shown, between the second 
bridge and the timepiece plate as at 24 and 20 in the 
foregoing embodiment. 
The same or similar constituent parts in the present 

modification are shown, irrespective of modified con 
figuration thereof, by the respective same references as 
those employed in the foregoing so that no further anal 
ysis would be necessary for better understanding of the 
present modification. 
The functional mode of the modification is similar to 

that of the foregoing embodiment. 
It will be clearly seen from the foregoing that accord 

ing to the novel teachings of the invention, separate 
and independent removal of occational fluctuations of 
the winding angle of hair spring 16 and the reduction in 
battery voltage can be obtained by mounting the im 
pulse pin 22 of the mounting disc 19 at a positive angle 
relative to the common diameter 28 between the 
escape wheel 23 and the mounting disc 19, which will 
cause an occasional alteration in the position of the 
center of gravity which will influence the isochronic 
error of the drive balance wheel acting as the timebase 
of the above kind of battery-driven timepeice, can be 
substantially obviated. 
With the balance wheel kept in its stationary or 

neutral position, in the case of the timepiece according 
to this invention, the impulse pin is kept in no physical 
contact with the escape tooth, the balance wheel can 
be started at the beginning stage of the balance wheel 
oscillation practically under no load, thus providing a 
smooth and effective starting characteristic being at 
tained without use of any mechanical starter means and 
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6 
capable of providing a favorable and repid develop 
ment of the oscillation amplitude. 
The embodiments of the invention in which an exclu 

property or privilege is claimed are defined as fol 
OWS: 

1. In a drive balance wheel assembly for use in an 
electronic timepiece having an impulse pin fixedly 
mounted on the balance wheel arbor for driving 
cooperation with an escape wheel, and a mounting 
plate for rotatably supporting said balance wheel arbor 
and escape wheel, the improvement comprising said 
escape wheel having a plurality of ratchet teeth equally 
spaced around the outer periphery thereof, said ratchet 
teeth having two parallel radial edges, the outermost 
edge of each radial tooth forming an acute angle with 
the edge of said tooth on the side in the direction of 
rotation of said escape wheel, said impulse wheel being 
formed as a rectangular pillar mounted perpendicularly 
on said balance wheel for engagement with said ratchet 
teeth in both directions of rotation of said balance 
wheel arbor, said impulse pin being positioned so as to 
establish a central angle of 20 or more on the balance 
wheel as measured ahead of the common diameter to 
said both wheels with the balance wheel kept at its 
neutral position, and a permanent magnet mounted on 
said plate between said plate and the ratchet teeth of 
said escape wheel for cooperation with the planar sur 
face of each ratchet tooth to position said escape wheel 
as it is indexed by the engagement of said impulse pin 
with each of said ratchetteeth. 

2. The improvement as claimed in claim 1, charac 
terized by that said impulse pin is mounted fixedly on a 
mounting disc which is fixedly mounted in turn on the 
arbor of said balance wheel. 
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