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(54) MECHANICAL TIMEPIECE WITH POSTURE DETECTING PART AND OPTICAL TIMED
ANNULAR BALANCE ROTATION DETECTING PART

(57) In a mechanical timepiece of the present inven-
tion, a movement 300 includes a barrel complete 120,
a center wheel and pinion 124, a third wheel and pinion
126, a fourth wheel and pinion 128, a balance with hair-
spring 140, an escape wheel and pinion 130 and a pallet
fork 142. Coils 180a, 180b are attached on a front sur-
face of a main plate 102 in a manner facing a surface of
a balance wheel 140b close to the main plate. A balance
magnet 140e is attached on a surface of the balance
wheel 140b close to the main plate in a manner facing
a front surface of the main plate 102.

The mechanical timepiece of the invention has a

balance-rotation detector section 176 provided to detect
a swing angle of the balance with hairspring by detecting
an operating state of the balance with hairspring 140 us-
ing light, a position detector section 361 to detect a po-
sition of the mechanical timepiece, and a brake section
146 structured to apply to the balance with hairspring
140 such a force as suppressing rotation of the balance
with hairspring 140 based on a signal concerning a po-
sition of the mechanical timepiece detected by the po-
sition detector section 361 when a swing angle of the
balance with hairspring 140 detected by the balance-
rotation detector section 176 is equal to or greater than
a previously-set set angle.
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Description

[TECHNICAL FIELD]

[0001] The present invention relates to a mechanical
timepiece having a position detector section and optical
balance-rotation detector section, which is structured for
applying such a force as suppressing rotation of the bal-
ance with hairspring based on a detection result of de-
tecting a position a mechanical is placed and a detection
result of a swing angle of a balance with hairspring of
the mechanical timepiece.

[BACKGROUND OF THE INVENTION]

[0002] In the conventional mechanical timepiece, as
shown in Fig. 17 and Fig. 18 the mechanical-timepiece
movement 1100 (mechanical body) has a main plate
1102 constituting a base plate for the movement. A hand
setting stem 1110 is rotatably assembled in a hand-set-
ting-stem guide hole 1102a of the main plate 1102. A
dial 1104 (shown by the virtual line in Fig. 18) is attached
to the movement 1100.
[0003] Generally, of the both sides of a main plate, the
side having a dial is referred to as a "back side" of the
movement and the opposite side to the side having the
dial as a "front side". The train wheel assembled on the
"front side" of the movement is referred to as a "front
train wheel" and the train wheel assembled on the "back
side" of the movement is as a "back train wheel".
[0004] The hand setting stem 1110 is determined in
axial position by a switch device including a setting lever
1190, a yoke 1192, a yoke spring 1194 and a back holder
1196. A winding pinion 1112 is rotatably provided on a
guide axis portion of the hand setting stem 1110. When
rotating the hand setting stem 1110 in a state the hand
setting stem 1110 is in a first hand-setting-stem position
closest to an inward of the movement along a rotation
axis direction (0 stage), the winding pinion 1112 rotates
through rotation of the clutch wheel. A crown wheel 1114
rotates due to rotation of the winding pinion 1112. A
ratchet wheel 1116 rotates due to rotation of the crown
wheel 1114. By rotating the ratchet wheel 1116, a main-
spring 1122 accommodated in a barrel complete 1120
is wound up. A center wheel and pinion 1124 rotates due
to rotation of the barrel complete 1120. An escape wheel
and pinion 1130 rotates through rotation of a fourth
wheel and pinion 1128, third wheel and pinion 1126 and
center wheel and pinion 1124. The barrel complete
1120, center wheel and pinion 1124, third wheel and pin-
ion 1126 and fourth wheel and pinion 1128 constitutes
a front train wheel.
[0005] An escapement/speed-control device for con-
trolling rotation of the front train wheel includes a bal-
ance with hairspring 1140, an escape wheel and pinion
1130 and pallet fork 1142. The balance with hairspring
1140 includes a balance stem 1140a, a balance wheel
1140b and a stud mainspring 1140c. Based on rotation

of the center wheel and pinion 1124, an hour pinion 1150
rotates simultaneously. A minute hand 1152 attached on
the hour pinion 1150 indicates "minute". The hour pinion
1150 is provided with a slip mechanism for the center
wheel and pinion 1124. Based on rotation of the hour
pinion 1150, an hour wheel 1154 rotates through rotation
of a minute wheel. An hour hand 1156 attached on the
hour wheel 1154 indicates "hour".
[0006] The barrel complete 1120 is rotatably support-
ed relative to the main plate 1102 and a barrel bridge
1160. The center wheel and pinion 1124, the third wheel
and pinion 1126, the fourth wheel and pinion 1128 and
the escape wheel and pinion 1130 are rotatably support-
ed relative to the main plate 1102 and a train wheel
bridge 1162. The pallet fork 1142 is rotatably supported
relative to the main plate 1102 and a pallet fork bridge
1164. The balance with hairspring 1140 is rotatably sup-
ported relative to the main plate 1102 and a balance
bridge 1166.
[0007] The stud mainspring 1140c is a thin leaf spring
in a spiral (helical) form having a plurality of turns. The
stud mainspring 1140c at an inner end is fixed to a stud
ball 1140d fixed on the balance stem 1140a, and the stud
mainspring 1140c at an outer end is fixed by screwing
through a stud support 1170a attached to a stud support
bridge 1170 fixed on the balance bridge 1166.
[0008] A regulator 1168 is rotatably attached on the
balance bridge 1166. A stud bridge 1168a and a stud
rod 1168b are attached on the regulator 1168. The stud
mainspring 1140c has a portion close to the outer end
positioned between the stud bridge 1168a and the stud
rod 1168b.
[0009] Generally, in the conventional representative
mechanical timepiece, as shown in Fig. 19 the torque
on the mainspring decreases while being rewound as
the sustaining time elapses from a state the mainspring
is fully wound (full winding state). For example, in the
case of Fig. 19, the mainspring torque in the full winding
state is about 27 g • cm, which becomes about 23 g •
cm at a lapse of 20 hours from the full winding state and
about 18 g • cm at a lapse of 40 hours from the full wind-
ing state.
[0010] Generally, in the conventional representative
mechanical timepiece, as shown in Fig. 20 the decrease
of mainspring torque also decreases a swing angle of
the balance with hairspring. For example, in the case of
Fig. 20, the swing angle of the balance with hairspring
is approximately 240 to 270 degrees when the main-
spring torque is 25 to 28 g • cm while the swing angle
of the balance with hairspring is approximately 180 to
240 degrees when the mainspring torque is 20 to 25 g
• cm.
[0011] Referring to Fig. 21, there is shown transition
of an instantaneous watch error (numeral value indica-
tive of timepiece accuracy) against a swing angle of a
balance with hairspring in the conventional representa-
tive mechanical timepiece. Here, "instantaneous watch
error" refers to "a value representative of fast or slow of
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a mechanical timepiece at a lapse of one day on the
assumption that the mechanical timepiece is allowed to
stand for one day while maintaining a state or environ-
ment of a swing angle of a balance with hairspring and
the like upon measuring a watch error". In the case of
Fig. 21, the instantaneous watch error delays when the
swing angle of the balance with hairspring is 240 de-
grees or greater or 200 degrees or smaller.
[0012] For example, in the conventional representa-
tive mechanical timepiece, as shown in Fig. 21 the in-
stantaneous watch error is about 0 to 5 seconds per day
(about 0 to 5 seconds fast per day) when the swing angle
of the balance with hairspring is about 200 to 240 de-
grees while the instantaneous watch error becomes
about -20 seconds per day (about 20 seconds slow per
day) when the swing angle of the balance with hairspring
is about 170 degrees.
[0013] Referring to Fig. 22, there is shown a transition
of an instantaneous watch error and a lapse time upon
rewinding the mainspring from a full winding state in the
conventional representative mechanical timepiece.
Here, in the conventional mechanical timepiece, the
"watch error" indicative of timepiece advancement per
day or timepiece delay per day is shown by an extremely
thin line in Fig. 22, which is obtainable by integrating
over 24 hours an instantaneous watch error against a
lapse time of rewinding the mainspring from the full
winding.
[0014] Generally, in the conventional mechanical
timepiece, the instantaneous watch error slows down
because the mainspring torque decreases and the bal-
ance-with-hairspring swing angle decreases as the sus-
taining time elapses with the mainspring being rewound
from a full winding state. Due to this, in the conventional
mechanical timepiece, the instantaneous watch error in
a mainspring full winding state is previously put forward
in expectation of timepiece delay after lapse of a sus-
taining time of 24 hours, thereby previously adjusting
plus the "watch error" representative of timepiece ad-
vancement or delay per day.
[0015] For example, in the conventional representa-
tive mechanical timepiece, as shown by an extreme thin
line in Fig. 22 the instantaneous watch error in a full
winding state is about 3 seconds per day (3 seconds
fast per day). However, when 20 hour elapses from the
full winding state, the instantaneous watch error be-
comes about -3 seconds per day (about 3 seconds slow
per day). When 24 hours elapses from the full winding
state, the instantaneous watch error becomes about -8
seconds per day (about 8 seconds slow per day) . When
30 hours elapses from the full winding state, the instan-
taneous watch error becomes about -16 seconds per
day (about 16 seconds slow per day).
[0016] In the mechanical timepiece, when assuming
a state attaching a dial, definition is given for "flat posi-
tion" as the dial is horizontal and "standing position (ver-
tical position)" as the dial is vertical.
[0017] Also, in the mechanical timepiece, when as-

suming a state of attaching a dial, a direction of froma
center of the mechanical timepiece toward a 12:00 mark
on the dial is termed as "12:00 direction", a direction of
from the center of the mechanical timepiece toward a 3:
00 mark on the dial is termed as "3:00 direction", a di-
rection of from a center of the mechanical timepiece to-
ward a 6:00 mark on the dial is termed as "6:00 direc-
tion", and a direction of from a center of the mechanical
timepiece toward a 9:00 mark on the dial is termed as
"9:00 direction" (referring to Fig. 17).
[0018] Also, in the mechanical timepiece, when as-
suming a state that a dial is mounted and the dial is ver-
tical, a position as the 12:00 mark on the dial is up is
termed as a "12:00-up position", a position as the 3:00
mark on the dial is up is termed as a "3:00-up position",
a position as the 6:00 mark on the dial is up is termed
as a "6:00-up position", and a position as the 9:00 mark
on the dial is up is termed as a "9:00-up position".
[0019] It is known in the mechanical timepiece that
measurement value of "watch error" is different between
the four standing positions of "12:00-up position", "3:
00-up position", "6:00-up position" and "9:00-up posi-
tion". Consequently, in the mechanical timepiece,
"watch error" is measured in four standing positions.
Watch error adjustment of the mechanical timepiece is
conducted such that the respective measurement val-
ues of "watch error" meet the required rating, thus man-
ufacturing a mechanical timepiece.
[0020] In the below explanations, a "watch error for
the mechanical timepiece put in 12:00-up position" is
termed as "12-up watch error", a "watch error for the
mechanical timepiece put in 3:00-up position" is termed
as "3-up watch error", a "watch error for the mechanical
timepiece put in 6:00-up position" is termed as "6-up
watch error", and a "watch error for the mechanical time-
piece put in 9:00-up position" is termed as "9-up watch
error".
[0021] Referring to Fig. 23, in the mechanical time-
piece, when the swing angle of the balance with hair-
spring is 150 degrees, the average value of watch error
in four standing positions (average value of 3-up watch
error, 6-up watch error, 9-up watch error and 12-up
watch error) is approximately 31 seconds per day. Also,
when the swing angle of the balance with hairspring is
250 degrees, the average value of watch error in four
standing positions is approximately -4 seconds per day.
[0022] In the mechanical timepiece, when the swing
angle of the balance with hairspring is 180 degrees, the
average value of watch error in four standing positions
is approximately 20 to 25 seconds per day.
[0023] On the contrary, referring to Fig. 20, the me-
chanical timepiece when the swing angle of the balance
with hairspring is 180 degree has a flat-position watch
error of approximately 10 seconds per day. That is, it is
to be understood in the mechanical timepiece that the
watch error in the standing position is faster by approx-
imately 10 to 15 seconds per day than the watch error
in the flat position when the swing angle of the balance
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with hairspring is 180 degrees.
[0024] Conventionally, the adjustment of watch error
for such a mechanical timepiece has been made by
manually removing the balance with hairspring 1140
from a movement (mechanical body) 1100 of a mechan-
ical timepiece once assembled, manually grinding out
part of a balance wheel and again assembling the bal-
ance with hairspring 1140 in the movement (mechanical
body) 1100. Due to this, watch error was first measured
in the movement (mechanical body) of the mechanical
timepiece once assembled and part of the balance
wheel is ground out, and thereafter watch error was
measured in the movement (mechanical member) 1100
on which the balance with hairspring 1140 was reas-
sembled.
[0025] Accordingly, conventionally, measurement
and adjustment for watch error has taken much time and
labor thus making it difficult to realize an accurate me-
chanical timepiece.
[0026] Incidentally, for example, Japanese Utility
Model Laid-open No. 41675/1979 discloses, as a con-
ventional balance-with-hairspring swing-angle adjust-
ing device, one having a swing-angle adjusting plate
generating over-current each time a magnet of the bal-
ance with hairspring approaches by swinging and sup-
plying a brake force to the balance with hairspring.
[0027] Also, a concrete structure of a conventional au-
tomatic-timepiece automatic device mechanism is dis-
closed, for example, in Japanese Patent Laid-open No.
183645/1999.
[0028] It is an object of the present invention to pro-
vide an accurate mechanical timepiece, which is less in
change of watch error even after lapse of time from a
full winding state.

[Disclosure of the Invention]

[0029] The present invention is, in a mechanical time-
piece structured having a mainspring constituting a
power source for the mechanical timepiece, a front train
wheel rotating due to rotational force given upon rewind-
ing the mainspring and an escapement/speed-control
device for controlling rotation of the front train wheel, the
escapement/speed-control device being structured in-
cluding a balance with hairspring alternately repeating
right and left rotation, an escape wheel and pinion rotat-
ing based on rotation of the front train wheel and a pallet
fork controlling rotation of the escape wheel and pinion
based on operation of the balance with hairspring, the
mechanical timepiece characterized by comprising: a
balance-rotation detector section provided to detect a
swing angle of the balance with hairspring by detecting
an operating state of the balance with hairspring using
light; a position detector section for detecting a position
of the mechanical timepiece; and a brake section struc-
tured to apply such a force as suppressing rotation of
the balance with hairspring to the balance with hair-
spring based on a signal concerning a position of the

mechanical timepiece detected by the position detector
section when a swing angle of the balance with hair-
spring detected by the balance-rotation detector section
is greater than a preset set angle.
[0030] In a mechanical timepiece of the invention, the
balance-rotation detector section is structured so as to
preferably include a light emitting part to illuminate a bal-
ance arm portion and a light receiving part to receive
light illuminated to the balance arm portion.
[0031] Also, in a mechanical timepiece of the inven-
tion, the brake section is structured preferably so as to
include a coil arranged to damp movement of the bal-
ance magnet.
[0032] By using the position detector section, bal-
ance-rotation detector section and brake section thus
structured, the swing angle of the balance with hair-
spring for the mechanical timepiece can be effectively
controlled thereby improving accuracy of the mechani-
cal timepiece.
[0033] Also, a mechanical timepiece of the invention
preferably comprises a balance-rotation detecting cir-
cuit configured to control light emitted by the light emit-
ting part and a balance-rotation control circuit config-
ured to measure operation of the balance arm portion
and calculate a swing angle of the balance with hair-
spring, wherein the balance-rotation control circuit does
not energize the coil where a swing angle of the balance
with hairspring is smaller than a certain constant thresh-
old, but energizes the coil where a swing angle of the
balance with hairspring is the above certain constant
threshold or greater.
[0034] Also, a mechanical timepiece of the invention
preferably further comprises a power storage section to
operate the balance-rotation detecting circuit and the
balance-rotation control circuit.
[0035] Also, a mechanical timepiece of the invention
preferably further comprises a generator section to
charge the power storage section.
[0036] Furthermore, in a mechanical timepiece of the
invention, the position detector section preferably in-
cludes an oscillating weight, a position detecting mem-
ber provided on the oscillating weight, and a position de-
tecting electrode for outputting a detection signal to the
balance-rotation control circuit by contacting the posi-
tion detecting member when the mechanical timepiece
is in a standing position.
[0037] Furthermore, in a mechanical timepiece of the
invention, the position detector section preferably in-
cludes an oscillating weight, a position detecting mem-
ber provided on the oscillating weight, a position detect-
ing electrode for outputting a detection signal to the bal-
ance-rotation control circuit by contacting the position
detecting member when the mechanical timepiece is in
a standing position, a return spring provided not to con-
tact the position detecting member with the position de-
tecting electrode when the mechanical timepiece is in a
flat position, and a spherical push member provided to
contact the position detecting member with the position
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detecting electrode when the mechanical timepiece is
in a standing position.
[0038] By thus structuring, an accurate mechanical
timepiece can be provided which is less in change of
watch error even after lapse of time from a full winding
state.

[BRIEF DESCRIPTION OF THE DRAWINGS]

[0039]

Fig. 1 is a plan view showing a schematic form on
a front side of a movement, when an automatic de-
vice part is removed, in an embodiment of a me-
chanical timepiece of the present invention (in Fig.
1, parts such as the automatic device part are partly
omitted and bridge members are shown by virtual
lines).
Fig. 2 is a magnified fragmentary sectional view
showing a schematic form of a train wheel and es-
capement/speed-control section in the embodiment
of the mechanical timepiece of the invention.
Fig. 3 is a magnified fragmentary plan view showing
a schematic form of a balance with hairspring part
in the embodiment of the mechanical timepiece of
the invention.
Fig. 4 is a magnified fragmentary sectional view
showing a schematic form of the balance with hair-
spring part in the embodiment of the mechanical
timepiece of the invention.
Fig. 5 is a perspective view showing a schematic
form of a balance magnet used in the mechanical
timepiece of the invention.
Fig. 6 is a magnified fragmentary sectional view
showing a schematic form of an automatic device
part in the embodiment of the mechanical timepiece
of the invention.
Fig. 7 is a plan view showing a schematic form of
an oscillating weight and position detector section
in the embodiment of the mechanical timepiece of
the invention.
Fig. 8 is a magnified fragmentary plan view showing
a schematic form of the oscillating weight and posi-
tion detecting switch in the embodiment of the me-
chanical timepiece of the invention.
Fig. 9 is a magnified fragmentary sectional view
showing a schematic form of the oscillating weight
and position detecting switch in the embodiment of
the mechanical timepiece of the invention.
Fig. 10 is a magnified fragmentary sectional view
showing a schematic form of the position detecting
switch in the embodiment of the mechanical time-
piece of the invention.
Fig. 11 is a plan view showing a schematic form of
an oscillating weight and position detector section
in another embodiment of the mechanical timepiece
of the invention.
Fig. 12 is a magnified fragmentary plan view show-

ing a schematic form of an oscillating weight and
position detecting switch in another embodiment of
the mechanical timepiece of the invention.
Fig. 13 is a magnified fragmentary sectional view
showing a schematic form of an oscillating weight
and position detecting switch in another embodi-
ment of the mechanical timepiece of the invention.
Fig. 14 is a magnified fragmentary sectional view
showing a schematic form of a position detecting
switch in another embodiment of the mechanical
timepiece of the invention.
Fig. 15 is a block diagram showing a schematic con-
figuration of the mechanical timepiece of the inven-
tion.
Fig. 16 is a flowchart showing operation of the me-
chanical timepiece of the invention.
Fig. 17 is a plan view showing a schematic form of
a movement front side of a conventional mechani-
cal timepiece (in Fig. 17, parts are partly omitted
and bridge members are shown by virtual lines).
Fig. 18 is a schematic fragmentary sectional view
showing the movement of the conventional me-
chanical timepiece (in Fig. 18, parts are partly omit-
ted).
Fig. 19 is a graph schematically showing a relation-
ship between a lapse time of rewinding from full
winding and a mainspring torque in the mechanical
timepiece.
Fig. 20 is a graph schematically showing a relation-
ship between a swing angle of the balance with hair-
spring and a mainspring torque in the mechanical
timepiece.
Fig. 21 is a graph schematically showing a relation-
ship between a swing angle of the balance with hair-
spring and an instantaneous watch error when the
mechanical timepiece is placed in a flat position.
Fig. 22 is a graph schematically showing a relation-
ship between a lapse time of rewinding from full
winding and an instantaneous watch error in the
mechanical timepiece of the invention and conven-
tional mechanical timepiece.
Fig. 23 is a graph schematically showing a relation-
ship between a swing angle of the balance with hair-
spring and an average value of watch error in four
positions when the mechanical timepiece is placed
in a standing position.

[BEST MODE FOR CARRYING OUT THE INVENTION]

[0040] Hereunder, embodiments of a mechanical
timepiece of the present invention will be explained
based on the drawings.

(1) Structure of Switch Device and Winding Section

[0041] Referring to Fig. 1 and Fig. 2, in an embodi-
ment of a mechanical timepiece of the invention, a
movement (mechanical body) 300 of the mechanical
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timepiece has a main plate 102 structuring a base plate
for the movement. A hand setting stem 110 is rotatably
assembled in a winding-stem guide hole 102a of the
main plate 102. A dial 104 is attached on the movement
300.
[0042] The hand setting stem 110 has a squared por-
tion and a guide shaft portion. A clutch wheel (not
shown) is assembled on the square portion of the hand
setting stem 110. The clutch wheel has a same rotation
axis as a rotation axis of the hand setting stem 110. That
is, the clutch wheel is provided having a squared hole
and rotated based on rotation of the hand setting stem
110 by fitting the squared hole on the squared portion
of the hand setting stem 110. The clutch wheel has teeth
A and teeth B. The teeth A are provided in the clutch
wheel at an end close to a center of the movement. The
teeth B are provided in the clutch wheel at an end close
to an outside of the movement.
[0043] The movement 300 is provided with a switch
device to determine an axial position of the hand setting
stem 110. The switch device includes a setting lever
190, a yoke 192, a yoke spring 194 and a back holder
196. The hand setting stem 110 is determined in rota-
tional axial position based on rotation of the setting le-
ver. The clutch wheel is determined in rotation-axis po-
sition based on rotation of the yoke. The yoke is to be
determined at two positions in rotational direction based
on rotation of the setting lever.
[0044] A winding pinion 112 is rotatably provided on
the guide shaft portion of the hand setting stem 110.
When the hand setting stem 110 is rotated in a state at
a first hand setting stem position closest to a movement
inner side along the rotation axis direction (in a 0 stage),
the winding pinion 112 is structurally rotated through ro-
tation of the clutch wheel. A crown wheel 114 is struc-
tured to rotate due to rotation of the winding pinion 112.
A ratchet wheel 116 is structured to rotate due to rotation
of the crown wheel 114.

(2) Structure of Power Source and Train Wheel

[0045] The movement 300 has as a power source a
mainspring 122 accommodated in a barrel complete
120. The mainspring 122 is made of an elastic material
having springiness, such as iron. The mainspring 122 is
structured to be wound up to rotation of the ratchet
wheel 116.
[0046] A center wheel and pinion 124 is structured for
rotation due to rotation of the barrel complete 120. A
third wheel and pinion 126 is structured rotatable based
on rotation of the center wheel and pinion 124. A fourth
wheel and pinion 128 structured rotatable based on ro-
tation of the third wheel and pinion 126. An escape
wheel and pinion 130 is structured for rotation due to
rotation of the fourth wheel and pinion 128. The barrel
complete 120, the center wheel and pinion 124, the third
wheel and pinion 126 and the fourth wheel and pinion
128 constitute a front train wheel.

(3) Structure of Escapement/Governing Device

[0047] Referring to Fig. 1 to Fig. 4, the movement 300
has an escapement/governing device to control rotation
of the front train wheel. The escapement/governing de-
vice includes a balance with hairspring 140 to repeat
right and left rotation with a constant period, an escape
wheel and pinion 130 to rotate based on rotation of the
front train wheel, and pallet fork 142 to control rotation
of the escape wheel and pinion 130 based on operation
of the balance with hairspring 140.
[0048] The balance with hairspring 140 includes a bal-
ance stem 140a, a balance wheel 140b and a stud main-
spring 140c. Four balance arm portions 140f (referred
to as "amida") are provided to couple the balance stem
140a and the balance wheel 140b. The number of bal-
ance arm portions 140f may be two or three, or four or
more.
[0049] The stud mainspring 140c is made of an elastic
material having springiness, such as "elinvar". That is,
the stud mainspring 140c is made of a metallic conduc-
tive material.
[0050] Based on rotation of the center wheel and pin-
ion 124, an hour pinion 150 simultaneously rotates. The
hour pinion 150 is structured having a minute hand 152
to indicate "minute". The hour pinion 150 is provided
with a slip mechanism having predetermined slip torque
to the center wheel and pinion 124.
[0051] Based on rotation of the hour pinion 150, a
minute wheel (not shown) rotates. Based on rotation of
the minute wheel, an hour wheel 154 rotates. The hour
wheel 154 is structured having an hour hand 156 to in-
dicate "hour".
[0052] The barrel complete 120 is supported for rota-
tion relative to the main plate 102 and barrel bridge 160.
The center wheel and pinion 124, third wheel and pinion
126, fourth wheel and pinion 128 and escape wheel and
pinion 130 are supported for rotation relative to the main
plate 102 and train wheel bridge 162. The pallet fork 142
is supported for rotation relative to the main plate 102
and pallet fork bridge 164.
[0053] The balance with hairspring 140 is supported
for rotation relative to the main plate 102 and balance
bridge 166. That is, the balance stem 140a has an upper
tenon 140a1 supported for rotation relative to a balance
upper bearing 166a fixed on the balance bridge 166.
The balance upper bearing 166a includes a balance up-
per hole jewel and a balance upper bridge jewel. The
balance upper hole jewel and the balance upper bridge
jewel are formed of an insulating material such as ruby.
[0054] The balance stem 140a has a lower tenon
140a2 supported for rotation relative to the balance low-
er bearing 102b fixed on the main plate 102. The bal-
ance lower bearing 102b includes a balance lower hole
jewel and a balance lower bridge jewel. The balance
lower hole jewel and the balance lower bridge jewel are
made of an insulating material such as ruby.
[0055] The stud mainspring 140c is a thin leaf spring
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in a spiral (helical) form having a plurality of turns. The
stud mainspring 140c at an inner end is fixed to a stud
ball 140d fixed on the balance stem 140a, and the stud
mainspring 140c at an outer end is screwed through a
stud support 170a attached to a stud support bridge 170
rotatably fixed on the balance bridge 166. The balance
bridge 166 is made of a metallic conductive material
such as brass. The stud support bridge 170 is made of
a metallic conductive material such as iron.

(4) Structure of Automatic Winding Section

[0056] Next, explanation will be made on a structure
of an automatic winding section for the mechanical time-
piece of the invention.
[0057] Referring to Fig. 6, the movement 300 has an
automatic winding part.
[0058] A ratchet wheel 116 is assembled on a side of
a case back of the barrel complete 160. The ratchet
wheel 116 has a ratchet hole 116a assembled on a
squared portion 120b of the barrel stem 120a of the bar-
rel complete 120. A ratchet screw 392 fixes the ratchet
wheel 116 onto the barrel stem 120a.
[0059] An oscillating weight 360 includes a ball bear-
ing part 362, an oscillating weight member 364 and an
oscillating heavy weight 366. The ball bearing part 362
includes an inner lace 368, a holding lace 370 and an
outer lace 372 so that a plurality of balls 374 are assem-
bled between the inner lace 368 and holding lace 370
and the outer lace 372. An oscillating weight pinion 376
is provided on an outer periphery of the outer lace 372.
[0060] A first reduction wheel 380 is rotatably assem-
bled on the barrel bridge 160 and main plate 102. The
first reduction wheel 380 has a first reduction gear 380a,
an upper guide shaft part 380b and a lower guide shaft
part 380c. The first reduction gear 380a is structured to
mesh with the oscillating weight pinion 376. An eccentric
shaft part 380d is provided on the first reduction wheel
380 at between the first reduction gear 380a and the
upper guide shaft part 380b. The upper guide shaft part
380b is rotatably supported relative to the barrel bridge
160. The lower guide shaft part 380c is rotatably sup-
ported relative to the main plate 102.
[0061] A pawl lever 382 is assembled between the
first reduction gear 380a and the barrel bridge 160. Con-
sequently, the pawl lever 382 is arranged on a side of
the case back of the barrel bridge 160. The pawl lever
382 has a push pawl (not shown) and a draw pawl 382c.
The pawl lever 382 has a guide hole 382a rotatably as-
sembled on the eccentric shaft portion 380d. A trans-
mission holder 383 is attached in a position closer to the
lower guide shaft part 380c than the eccentric shaft part
380d of the first reduction wheel 380.
[0062] A second reduction wheel and pinion 384 is as-
sembled on the case-back side of the barrel bridge 160
and attached rotatably by a second reduction screw
385. The second reduction wheel and pinion 384 has a
second reduction gear 384a and a second reduction pin-

ion 384b. The second reduction gear 384a is structured
in the form of a ratchet gear. The push pawl and draw
pawl 382c of the pawl lever 382 are in engagement with
the ratchet gear 384a. The second reduction pinion
384b meshes with the ratchet wheel 116.
[0063] When the oscillating weight 360 rotates, the ro-
tation of the oscillating weight pinion 376 rotates the first
reduction wheel 380. The pawl lever 382 performs re-
ciprocal motion based on eccentric motion of the eccen-
tric shaft part 380d due to rotation of the first reduction
wheel and pinion 380 to rotate the second reduction
wheel and pinion 384 through the push pawl and draw
pawl 382c in the fixed direction. The rotation of the sec-
ond reduction wheel and pinion 384 rotates the ratchet
wheel 116 thereby winding a mainspring 120c in the bar-
rel complete 120.

(5) Structure Balance-Rotation Detector Section

[0064] Next, explanation will be made on a structure
of a balance-rotation detector section for the mechanical
timepiece of the invention.
[0065] Referring to Fig. 1 to Fig. 4 and Fig. 15, in order
to measure rotational operation of a balance arm portion
140f of the balance with hairspring 140, a phototransis-
tor 130 is arranged on a balance bridge 166 to illuminate
the balance arm portion 140f. That is, the phototransis-
tor 130 constitutes a light emitting part.
[0066] A photodiode 132 is provided on the main plate
102 in order to receive light illuminated to the balance
arm portion 140f. That is, the photodiode 132 constitutes
a light receiving part. The light receiving part is to be
constituted, for example, by a photodiode, an optical fib-
er or a CCD.
[0067] The phototransistor 130 (light emitting part)
and the photodiode 132 (light receiving part) constitute
a balance-rotation detector section 176.
[0068] A speed control section 144 includes the bal-
ance with hairspring 140 and balance magnet 140e. The
balance magnet 140e will be described in detail later.
[0069] The balance arm portion 140f of the balance
with hairspring 140 rotates between the phototransistor
130 and the photodiode 132.
[0070] When the balance arm portion 140f positions
between the phototransistor 130 and the photodiode
132, the light emitted by the phototransistor 130 is struc-
turally blocked off by the balance arm portion 140f not
to be incident on the photodiode 132. Contrary to this,
when the balance arm portion 140f is not positioned be-
tween the phototransistor 130 and the photodiode 132,
the light emitted by the phototransistor 130 structurally
reaches the photodiode 132.
[0071] The photodiode 132 is connected to an IC 134.
The IC 134 includes a balance-rotation detector circuit
172 and a balance-rotation control circuit 306. The bal-
ance-rotation detector circuit 172 is configured to control
light emitted by the phototransistor 130. The balance-
rotation control circuit 306 is configured to measure the
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operation of the balance arm portion 140f and calculate
a swing angle of the balance with hairspring 140.
[0072] The balance-rotation control circuit 306 previ-
ously stores a relationship between a period of light to
be incident on the photodiode 132 and a swing angle of
the balance with hairspring. Accordingly, the swing an-
gle of the balance with hairspring 140 can be calculated
using a period of light incident on the photodiode 132.

(6) Structure of Position Detector Section of Mechanical
Timepiece of the Invention

[0073] Next, explanation will be made on a structure
of a position detector section for the mechanical time-
piece of the invention.
[0074] Referring to Fig. 15, the position detector sec-
tion 361 is provided to detect whether the position of the
mechanical timepiece is in a flat position or a standing
position. The position detector section 361 includes an
oscillating weight 360, a position detecting member 320
and a position detecting electrode 322.

(6.1) Structure of embodiment of position detector
section for the mechanical timepiece of the invention

[0075] Hereunder, explanation will be made on a
structure of an embodiment of a position detector sec-
tion of a mechanical timepiece of the invention.
[0076] Referring to Fig. 7 to Fig. 10, the position de-
tecting member 320 is fixed on an outer periphery of the
oscillating weight 360. The oscillating weight 360 is
formed of a metal conductor material. The position de-
tecting member 320 is formed of a conductive material.
The position detecting member 320 is formed of a metal
spring material (elastic material) such as stainless steel.
In the mechanical timepiece of the invention, is ener-
gized through one electrode of a power storage mem-
ber, plus electrode, main plate, bridge member and os-
cillating weight 360.
[0077] The case back 312 is fixed on a case member
330. The position detecting electrode 322 is provided in
an outer-periphery inner surface of the case back 312
through an insulating part. The position detecting elec-
trode 322 is provided throughout the outer-periphery in-
ner surface of the case back 312 through the insulating
part (over 360 degrees with reference to a timepiece
center).
[0078] The position detecting electrode 322 is out of
conduction to the case back 312 and hence out of con-
duction to the case member 322. Also, the position de-
tecting electrode 322 is out of conduction to the main
plate 102, out of conduction to the bridge member 160,
166 and out of conduction to the oscillating weight 360.
[0079] A position detecting weight 320w is attached
to a tip of the position detecting member 320. By chang-
ing the position of attaching the position detecting
weight 320w on the position detecting member 320 and/
or changing the mass of the position detecting weight

320w, changed is a positional condition of the mechan-
ical timepiece that the position detecting member 320 is
to be contacted with the position detecting electrode
322. That is, by changing the position of attaching the
position detecting weight 320w on the position detecting
member 320 and/or changing the mass of the position
detecting weight 320w, it is possible to change the con-
dition under which determination is made whether in a
flat position or a standing position of the mechanical
timepiece that the position detecting member 320 is to
be contacted with the position detecting electrode 322.
[0080] Referring to Fig. 15, the position detecting
electrode 322 is connected to the balance-rotation con-
trol circuit 306.
[0081] Referring to Fig. 9 and Fig. 10, when the me-
chanical timepiece is placed in a flat position, the posi-
tion detecting member 320 will not contact the position
detecting electrode 322.
[0082] Referring to Fig. 8, when the mechanical time-
piece is placed in a standing position, the position de-
tecting member 320 at a tip deforms and hence the po-
sition detecting member 320 contacts the position de-
tecting electrode 322.
[0083] When the position detecting member 320 con-
tacts the position detecting electrode 322, the position
detecting electrode 322 is put in conduction to the plus
electrode so that a signal of standing position detection
is inputted to the balance-rotation control circuit 306.
[0084] Due to this configuration, it is possible to accu-
rately detect whether the mechanical timepiece is
placed in flat position or positioned in a standing posi-
tion.
[0085] When the mechanical timepiece is placed
slant, a critical angle of contacting the position detecting
member 320 with the position detecting electrode 322
is determined by properly selecting an elastic coefficient
of the position detecting member 320 and an attaching
position or mass of the position detecting weight 320w,
making it possible to detect whether the mechanical
timepiece is placed in a flat position or a standing posi-
tion.
[0086] That is, when the mechanical timepiece is
placed slant at an angle of from a flat position to the
critical angle, the position detecting member 320 is
structured not to contact the position detecting member
320 with the position detecting electrode 322, while
when the mechanical timepiece is placed slant at an an-
gle of from a standing position to the critical angle, the
position detecting member 320 may be structured to
contact the position detecting member 320 with the po-
sition detecting electrode 322.

(6.2) Structure of another embodiment of position
detector section of mechanical timepiece of the
invention

[0087] Hereunder, explanation will be made on a
structure of another embodiment of a position detector
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section for the mechanical timepiece of the invention. In
the below explanations, explanation will only on the
parts that the other embodiment of the position detector
section of the mechanical timepiece of the invention is
different from the aforesaid embodiment for the me-
chanical timepiece of the invention. Accordingly, the
parts not described below are similar to the aforesaid
embodiment of the position detector section for the me-
chanical timepiece of the invention.
[0088] Referring to Fig. 11 to Fig. 14, a position de-
tecting member 342 is provided at an outer periphery of
the oscillating weight 360. The position detecting mem-
ber 342 is guided at an inside of a guide member 338,
which is structured to protrude from the outer periphery
of the oscillating weight 360 due to a mass of a spherical
press member 340. The position detecting member 342,
the guide member 338 and the spherical press member
340 are formed of a metal material such as stainless
steel. In the mechanical timepiece of the invention, the
position detecting member 342 is in electric conduction
to one electrode of a power storage member, plus elec-
trode through the main plate, bridge member and oscil-
lating weight 360.
[0089] A return spring 344 for pushing back the posi-
tion detecting member 342 from the outer periphery to-
ward a center of the oscillating weight 360 is provided
inside the guide member 338.
[0090] A case back 312 is fixed on a case member
330. A position detecting electrode 322 is provided in
an outer-periphery inner side of the case back 312
through an insulating part. The position detecting elec-
trode 322 is provided throughout the outer-periphery in-
ner side of the case back 312 through the insulating part
(over 360 degrees with reference to a center of the time-
piece).
[0091] Referring to Fig. 13 and Fig. 14, when the me-
chanical timepiece is placed in a flat position, the posi-
tion detecting member 342 will not contact the position
detecting electrode 322.
[0092] Referring to Fig. 12, when the mechanical
timepiece is placed in a standing position, the mass of
the spherical press member 340 deflects the return
spring 344 so that the position detecting member 342
contacts the position detecting electrode 322.
[0093] When the position detecting member 320 con-
tacts the position detecting electrode 322, the position
detecting electrode 322 is put in conduction to the plus
electrode. A signal of standing position detection is in-
putted to the balance-rotation control circuit 306.
[0094] This structure also makes it possible to accu-
rately detect whether the mechanical timepiece is
placed in a flat position or a standing position.
[0095] Incidentally, when the mechanical timepiece is
placed slant, a critical angle of contacting the position
detecting member 342 with the position detecting elec-
trode 322 is determined by properly selecting a spring
constant of the return spring 344 and a mass of the
spherical press member 340, making it possible to de-

tect whether the mechanical timepiece is placed in a flat
position or a standing position.
[0096] That is, the spherical press member 340, po-
sition detecting member 342 and return spring 344 are
structured not to contact the position detecting member
342 with the position detecting electrode 322 when the
mechanical timepiece is placed slant at an angle of be-
tween a flat position to the critical angle, and the spher-
ical press member 340, position detecting member 342
and return spring 344 are structured to contact the po-
sition detecting member 342 with the position detecting
electrode 322 when the mechanical timepiece is placed
slant at an angle of between a standing position to the
critical angle.

(7) Structure of Generator and Power Storage Sections

[0097] Next, explanation will be made on a structure
of generator and power storage sections for the me-
chanical timepiece of the invention.
[0098] A secondary battery 136 for operating the IC
134 is fixed to the main plate 102. The secondary battery
136 constitutes a power storage section 137. That is,
the power storage section 137 constitutes a power
source to operate the IC 134. The power storage section
137 may be structured by a secondary battery or a ca-
pacitor. Or otherwise, a primary battery may be utilized
in place of the power storage section 137.
[0099] A generator section 150 is provided in order to
charge the secondary battery 136 of the power storage
section 137. The generator section 150 may be a man-
ual-winding generator mechanism to generate voltage
due to rotation of the hand setting stem 102 or an auto-
matic-winding generator mechanism to generate volt-
age due to rotation of an oscillating weight.
[0100] The generator section 150 may be arranged
on a "back side" of the movement 300 or on a "front side"
of the movement 300.
[0101] The structure for the generator section 150
may use a similar one to the conventional structure and
hence is not illustrated in Fig. 1.
[0102] A schematic structure when structuring a gen-
erator section 150 by a manual-winding generator
mechanism is shown in Fig. 6. Referring to Fig. 6, the
generator section 150 includes a winding mechanism
152 to operate due to rotation of the hand setting stem
102, a speed-up train wheel 154 to increase the speed
and deliver rotation of the winding mechanism 152, a
rotor 156 to rotate due to rotation of the speed-up train
wheel 154, a stator 157 having a rotor hole opposed to
the rotor magnet of the rotor 156, a generator coil 158
to generate electromotive force due to rotation of the
rotor 156 and a rectifier circuit 160 to rectify a current
caused on the generator coil 158. The current rectified
by the rectifier circuit 160 flows to the secondary battery
136 constituting the power storage section 137. A ca-
pacitor may be employed in place of the secondary bat-
tery 136. The rectification operation by the rectifier cir-

15 16



EP 1 174 776 A1

10

5

10

15

20

25

30

35

40

45

50

55

cuit 160 may be half-wave rectification or full-wave rec-
tification. The rectifier circuit may be built in the IC 134
or provided separate from the IC 134.
[0103] When the generator section is structured by an
automatic winding generator mechanism, the generator
section includes an oscillating weight, a speed-up train
wheel to increase and deliver rotation of the oscillating
weight, a rotor to rotate due to rotation of the speed-up
train wheel, a stator having a rotor hole opposed to the
rotor magnet of the rotor, a generator coil to generate
electromotive force due to rotation of the rotor and a rec-
tifier circuit to rectify the current caused on the generator
coil. The current rectified by the rectifier circuit structur-
ally flows to the secondary battery 136.
[0104] The mechanical timepiece of the invention has
the oscillating weight 360, and accordingly the genera-
tor section can be structured by an automatic winding
generator mechanism.
[0105] For example, electronic wrist watch with gen-
erator device are disclosed in Japanese Patent Laid-
open No. 266989/1986 and Japanese Patent Laid-open
No. 293143/1986, and a portable timepiece with charge
function is disclosed in Japanese Patent Laid-open No.
288192/1986.
[0106] It is possible to use such a battery (primary bat-
tery) as a silver battery or lithium battery to provide a
structure as a modification without using a generator
mechanism.

(8) Structure of Brake Section

[0107] Next, explanation will be made on a structure
of a brake section for the mechanical timepiece of the
invention.
[0108] Coils 180a, 180b are attached on a front sur-
face of the main plate 102 in a manner facing to a sur-
face of a balance wheel 140b close to the main plate.
The coils 180a, 180b constitute a control section 146.
The number of coils is, for example, two as shown in
Fig. 1 to Fig. 4 but may be one, two, three or four or more.
[0109] Abalance magnet 140e is attached on a sur-
face of the balance wheel 140b close to the main plate
in a manner facing to a front surface of the main plate
102.
[0110] As shown in Fig. 1 and Fig. 3, the circumferen-
tial interval of the coils 180a, 180b where the coils 180a,
180b are provided in plurality is preferably an integer
multiple of a circumferential interval of the S and N poles
of the balance magnet 140e arranged opposed to the
coils 180a, 180b. However, it is satisfactory that the in-
terval is not circumferentially same for all the coils. Fur-
thermore, in such a structure as having a plurality of
coils, the respective interconnections between the coils
are preferably connected in series not to mutually cancel
the current caused on each coil due to electromagnetic
induction. Or otherwise, the respective interconnections
between the coils may be connected in parallel not to
mutually cancel the current caused on each coil due to

electromagnetic induction.
[0111] Referring to Fig. 5, the balance magnet 140e
has an annular (ring-formed) shape and is alternately
provided, along a circumferential direction, with magnet
portions constituted, for example, by twelve S poles
140s1 - 140s12 and twelve N poles 140n1 - 140n12 that
are vertically polarized. Although the number of magnet
portions arranged annular (in a ring form) in the balance
magnet 140e in the example shown in Fig. 5 is twelve,
it may be in a plurality of two or more. Here, it is preferred
to provide the magnet portion with one bowstring length
nearly equal to an outer diameter of one coil provided
opposite to the magnet portion.
[0112] A gap is provided between the balance magnet
140e and the coil 180a, 180b. The gap between the bal-
ance magnet 140e and the coil 180a, 180b is deter-
mined such that the balance magnet 140e has a mag-
netic force capable of giving effects upon the coil 180a,
180b when the coil 180a, 180b is energized.
[0113] When the coil 180a, 180b is not energized, the
magnetic force on the balance magnet 140e cannot
have effects on the coil 180a, 180b. The balance mag-
net 140e is fixed, for example, through adhesion to the
main-plate-side surface of the balance wheel 140b in
such a state that one surface is in contact with a ring rim
of the balance wheel 140b and the other surface facing
to the front surface of the main plate 102.
[0114] A first lead wire 182 is provided to connect be-
tween one terminal of the coil 180a and a first coil ter-
minal of the IC 134. A second lead wire 184 is provided
to connect between one terminal of the coil 180b and a
second coil terminal of the IC 134.
[0115] Incidentally, the stud mainspring 140c has a
thickness (radial thickness of the balance with hair-
spring) of 0.021 millimeter, for example. The balance
magnet 140e has, for example, an outer diameter of ap-
proximately 9 millimeters, an inner diameter of approx-
imately 7 millimeters, a thickness of approximately 1 mil-
limeter and a magnetic flux density of approximately
0.02 tesla. The coil 180a, 180b respectively has the
number of turns, for example, of 8 turns and a coil di-
ameter of approximately 25 micrometers. The gap be-
tween the balance magnet 140e and the coil 180a, 180b
is, for example, approximately 0.4 millimeter.

(9) Operation of Position Detector, Balance-Rotation
Detector and Brake Section

[0116] Next, explanation will be made on the opera-
tion of the position detector, balance-rotation and brake
sections for the mechanical timepiece of the invention.
[0117] With reference to Fig. 1 to Fig. 4, explanation
will be made on the operation of the balance with hair-
spring 140 when the coils 180a, 180b are not energized,
i.e. when a circuit including the coils 180a, 180b is open.
[0118] The stud mainspring 140c expands and con-
tracts radially of the stud mainspring 140c depending on
an angle of rotation of the balance with hairspring 140.
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For example, in a state shown in Fig. 3, when the bal-
ance with hairspring 140 rotates clockwise, the stud
mainspring 140c contracts in a direction toward a center
of the balance with hairspring 140. Contrary to this,
when the balance with hairspring 140 rotates counter-
clockwise, the stud mainspring 140c expands in a direc-
tion away from the center of the balance with hairspring
140.
[0119] Where the rotation angle (swing angle) of the
balance with hairspring 140 is at a certain given thresh-
old, e.g. less than 180 degrees, the coils 180a, 180b are
structurally not energized by operation of the balance-
rotation control circuit 306.
[0120] Next, explanation will be made on the opera-
tion of the balance with hairspring 140 when the coils
180a, 180b are energized, i.e. when the circuit including
the coils 180a, 180b are close. That is, the coils 180a,
180b are structurally energized when the swing angle
of the balance with hairspring 140 is 180 degrees or
greater.
[0121] If the swing angle of the balance with hair-
spring 140 is 180 degrees or greater, the coils 180a,
180b are energized by operation of the balance-rotation
control circuit 306 to exert to the balance with hairspring
140 such a force as suppressing rotational motion of the
balance with hairspring 140 due to an induction current
caused by change of magnetic flux on the balance mag-
net 140e. Due to the action of the balance-rotation con-
trol circuit 306 and coils 180a, 180b and balance magnet
140e, a brake force suppressing the rotation of the bal-
ance with hairspring 140 is structurally applied to the
balance with hairspring 140 thereby reducing the swing
angle of the balance with hairspring 140.
[0122] When the swing angle of the balance with hair-
spring 140 exceeds 0 degree and decreases to a range
of less than 180 degrees, the balance-rotation control
circuit 306 structurally operates not to energize the coils
180a, 180b. Accordingly, in a range that the swing angle
exceeds 0 degree and in a range of less than 180 de-
grees, the coils 180a, 180b are not energized. Thus, the
balance with hairspring 140 is not applied by such a
force as suppressing rotation motion of the balance with
hairspring 140.
[0123] Next, explanation will be made on the opera-
tion of the balance-rotation detector and brake sections
in the mechanical timepiece of the invention.
[0124] Referring to Fig. 15 and Fig. 16, the operation
of the balance-rotation detecting circuit 172 starts de-
tection of rotation of the balance with hairspring (step
S31).
[0125] The balance-rotation detecting circuit 172 de-
termines a detection time for detecting a swing angle of
the balance with hairspring (step S32). Determination of
a detection time for detecting the swing angle of the bal-
ance with hairspring is made, e.g. by a counter. The set
time for detecting rotation of the balance with hairspring
is previously stored in the balance-rotation detecting cir-
cuit 172.

[0126] The set time for performing rotation detection
of the balance with hairspring is, for example, about one
hour. The set time for detecting rotation of the balance
with hairspring is preferably approximately 0.25 to 6
hours, more preferably approximately 0.5 to 3 hours, fur-
ther preferably approximately 1 to 2 hours.
[0127] When the balance-rotation detecting circuit
172 determined a lapse of the set time, the balance-ro-
tation detecting circuit 172 turns on the phototransistor
130 (step S33). If the balance-rotation detecting circuit
172 determines that the set time has not been elapsed,
the process returns to the step S32 to repeat operation
for determining a set time.
[0128] In step S33, when the balance-rotation detect-
ing circuit 172 turns on the phototransistor 130, the bal-
ance-rotation control circuit 306 measures an operating
state of the balance arm portion 140f by use of light to
be incident on the photodiode 132, thereby calculating
a swing angle of the balance with hairspring 140.
[0129] The balance-rotation control circuit 306 previ-
ously stores a relationship between a period of light to
be incident on the photodiode 132 and a swing angle of
the balance with hairspring. Accordingly, calculation of
a swing angle of the balance with hairspring 140 is made
by using a period of light to be incident on the photodiode
132.
[0130] . If the balance-rotation control circuit 306 de-
termines that the swing angle of the balance with hair-
spring 140 is greater than a set angle, the balance-ro-
tation detecting circuit 172 turns off the phototransistor
130 (step S35).
[0131] Next, the balance-rotation control circuit 306
detects a position of the mechanical timepiece (step
S38) and determines whether the mechanical timepiece
is in a standing position or a flat position (step S39).
[0132] That is, the balance-rotation control circuit 306
detects a presence or absence of a signal representa-
tive of a standing position outputted by the position de-
tecting electrode 322 when the position detecting mem-
ber 320 contacts the position detecting electrode 322,
and detects whether the mechanical timepiece is in a
standing position or a flat position.
[0133] Here, for example, the balance-rotation control
circuit 306 is structured to determine that the mechani-
cal timepiece is in a vertical state if a signal represent-
ative of a standing position is outputted through the po-
sition detecting electrode 322 for a threshold of a con-
stant detection time, e.g. outputted for consecutive 5
seconds, and determine that the mechanical timepiece
is in a horizontal state if a signal representative of a
standing position is not outputted through the position
detecting electrode 322 for a threshold of a constant de-
tection time, e.g. not continuously outputted for 5 sec-
onds.
[0134] If a signal representative of a standing position
to be outputted by the position detecting electrode 322
is not outputted for consecutive 5 seconds and a state
of not outputting a signal representative of a standing

19 20



EP 1 174 776 A1

12

5

10

15

20

25

30

35

40

45

50

55

position does not continue for consecutive 5 seconds,
the balance-rotation control circuit 306 structurally de-
termines that the mechanical timepiece is in a standing
position when the position detecting electrode 322 first
outputs a signal representative of a standing position,
and that the mechanical timepiece is in a flat position
when the position detecting electrode 322 does not first
output a signal representative of a standing position.
[0135] Where determining a position of the mechani-
cal timepiece based on a signal first outputted by the
position detecting electrode 322, it is preferred to set a
limitation-time threshold for the determination 3 to 4
times as great as a threshold of a detection time for
which the signals are consecutively outputted by the po-
sition detecting electrode 322.
[0136] With this structure, a position of the mechani-
cal timepiece can be positively detected while excluding
affection on the position detecting electrode 322 due to
chattering.of the position detecting member 320.
[0137] If the mechanical timepiece is in a flat position
is detected in the balance-rotation control circuit 306,
the balance-rotation control circuit 306 energize the
coils 180a, 180b by an operating condition of flat state
(step S40). The energization of the coils 180a, 180b
generates an induction current due to change of the
magnetic flux on the balance magnet 140e and exerts
such a force as suppressing the rotational motion of the
balance with hairspring 140. The swing angle of the bal-
ance with hairspring 140 is decreased by application of
a brake force suppressing rotation of the balance with
hairspring 140 to the balance with hairspring 140.
[0138] The operating condition of flat position for en-
ergizing the coils 180a, 180b by the balance-rotation
control circuit 306 and decreasing the swing angle of the
balance with hairspring 140 is preferably determined by
experiments and stored in the balance-rotation control
circuit 306.
[0139] If it is determined in the balance-rotation con-
trol circuit 306 that the mechanical timepiece is in a
standing position, the balance-rotation control circuit
406 energizes the coils 180a, 180b by the operating
condition of standing position (step S41). The energiza-
tion of the coils 180a, 180b generates an induction cur-
rent due to change of the magnetic flux on the balance
magnet 140e and exerts such a force as suppressing
rotational motion of the balance with hairspring 140 to
the balance with hairspring 140. Thus, the swing angle
of the balance with hairspring 140 is decreased by ap-
plying to the balance with hairspring 140 a brake force
of suppressing rotation of the balance with hairspring
140.
[0140] The operating condition of standing position for
energizing the coils 180a, 180b by the balance-rotation
control circuit 306 and decreasing the swing angle of the
balance with hairspring 140 also is preferably deter-
mined by experiments and stored in the balance-rota-
tion control circuit 306.
[0141] When the balance-rotation control circuit 306

has energized the coils 180a, 180b, the balance-rotation
control circuit 306 determines a time for detecting a po-
sition the mechanical timepiece is placed (step S42).
The determination of a detection time for detecting a po-
sition is made, for example, by a counter. The set time
for position detection is previously stored in the balance-
rotation control circuit 406.
[0142] The set time for detecting a position the me-
chanical timepiece is placed is, for example, approxi-
mately 10 minutes. The set time for position detection
is preferably approximately 1 to 60 minutes, more pref-
erably approximately 5 to 30 minutes, and further pref-
erably approximately 10 to 15 minutes.
[0143] In the present invention, the set time for detect-
ing a position the mechanical timepiece is placed is set
smaller than a set time for detecting rotation of the bal-
ance with hairspring stated before. For example, when
the set time for detecting a position the mechanical time-
piece is placed is approximately 10 minutes, the set time
for detecting rotation of the balance with hairspring is
preferably 1 hour.
[0144] When the balance-rotation control circuit 306
determines that the set time for position detection has
elapsed, the balance-rotation detecting circuit 172 again
determines a time for detecting a swing angle of the bal-
ance with hairspring (step S43). The detection time de-
termination of a balance-with-hairspring swing angle is
made, for example, by a counter. The set time for de-
tecting rotation of the balance with hairspring is previ-
ously stored in the balance-rotation detecting circuit
172.
[0145] The set time for detecting rotation of the bal-
ance with hairspring is, for example, approximately 1
hour. The set time for detecting rotation of the balance
with hairspring is the same as the set time stated before.
[0146] When the balance-rotation control circuit 306
determines that the set time for position detection has
not elapsed, the process returns to the step S42. Re-
peated is an operation of determining a detection time
for position detection.
[0147] When the balance-rotation detecting circuit
172 determines that the set time for detecting a swing
angle has elapsed, the process returns to the step S33.
[0148] If the balance-rotation detecting circuit 172 de-
termines that the set time for detecting a swing angle
has not elapsed, the process returns to the step S58.
[0149] The relationship between a time for energizing
the coils 180a, 180b by the balance-rotation control cir-
cuit 306 and a swing angle of the balance with hairspring
140 is previously determined by experiments and a re-
sult thereof is stored in the balance-rotation control cir-
cuit 306.
[0150] The set angle of a swing angle of the balance
with hairspring 140 is previously stored in the balance-
rotation control circuit 406. The set angle of a swing an-
gle of the balance with hairspring 140 is, for example,
180 degrees. The set angle of a swing angle of the bal-
ance with hairspring 140 is preferably 150 to 210 de-
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grees.
[0151] In step S34, if the balance-rotation control cir-
cuit 306 determines that the swing angle of the balance
with hairspring 140 is smaller than the set angle, the bal-
ance-rotation detecting circuit 272 turns off the opera-
tion of applying voltage to the electrostatic capacitor por-
tion (step S36). In this case, the balance-rotation control
circuit 306 does not energize the coils 180a, 180b (step
S37).
[0152] Then, the process returns to the step S32 to
repeat operation of determining a detection time.
[0153] Accordingly, the mechanical timepiece of the
invention can accurately and efficiently control the swing
angle of the balance with hairspring 140.

(10) Circuit Configuration Used in Mechanical
Timepiece of the Invention

[0154] Furthermore, in the embodiments of the me-
chanical timepiece of the invention, circuits for various
functions may be configured within the IC and the IC
may be a PLA-IC built with a program for various oper-
ations.
[0155] Also, in the embodiment of the mechanical
timepiece of the invention, external elements, such as
resistors, capacitors, coils, diodes and transistors, can
be used as required together with the IC.

(11) Effect of the Invention

[0156] Because the present invention is, in a mechan-
ical timepiece structured as stated above having a bal-
ance with hairspring that an escape/speed-control de-
vice repeats right and left rotation, an escape wheel and
pinion rotating based on rotation of a front train wheel,
and a pallet fork to control rotation of the escape wheel
and pinion based on operation of the balance with hair-
spring, structured having a position detector section to
detect a position of the mechanical timepiece, a bal-
ance-rotation detector section to detect a swing angle
of the balance with hairspring, and a brake section to
control an rotation angle of the balance with hairspring,
it is possible to improve the accuracy of the mechanical
timepiece without reducing the sustaining time for the
mechanical timepiece.
[0157] That is, in the present invention, an eye is put
on a relationship between an instantaneous watch error
and a swing angle to keep the swing angle, thereby sup-
pressing the change of the instantaneous watch error
and adjusting to reduce an advance and delay per day
of the timepiece.
[0158] Contrary to this, in the conventional mechani-
cal timepiece, the swing angle varies with lapse of time
due to a relationship between a sustaining time and a
swing angle. Furthermore, instantaneous watch error
varies with lapse of time due to a relationship between
a swing angle and an instantaneous watch rate. Due to
this, it has been difficult to prolong a sustaining time of

the timepiece capable of maintaining constant accuracy.

(12) Simulation on Instantaneous Watch Error

[0159] Next, explanation will be made on a result of
simulation on instantaneous watch error conducted on
the mechanical timepiece of the invention developed to
solve the above problem of the conventional mechanical
timepiece.
[0160] Referring to Fig. 22, in the mechanical time-
piece of the invention, adjustment is first made to a state
the instantaneous watch error is put forward as shown
by a thin line in Fig. 22.
[0161] That is, in the mechanical timepiece of the in-
vention, as shown by the thin line in Fig. 22, the flat-
position watch error in a full winding state of the main-
spring is approximately 23 seconds per day (approxi-
mately 23 seconds fast per day) and the standing-posi-
tion watch error is approximately 18 seconds per day
(approximately 18 seconds fast per day). At a lapse of
20 hours from the full winding state, the flat-position
watch error is approximately 17 seconds per day (ap-
proximately 17 seconds fast per day) and the standing-
position watch error is approximately 13 seconds per
day (approximately 13 seconds fast per day) At a lapse
of 30 hours from the full winding state, the standing-po-
sition watch error is approximately -2 seconds per day
(approximately 2 seconds slow per day) and the flat-po-
sition watch error is approximately -3 seconds per day
(approximately 3 seconds slow per day).
[0162] In the mechanical timepiece of the invention,
when the brake section is operated, as shown by an ex-
treme thick line in Fig. 22 the instantaneous watch error
can be maintained approximately 5 seconds per day
(maintaining a state of approximately 5 seconds fast per
day) in a state the brake section is in operation, i.e. be-
fore lapse of 27 hours from the full winding state of the
mainspring. At a lapse of 30 hours from the full winding
state, the instantaneous watch error is approximately -2
seconds slow per day (approximately 2 seconds slow
per day).
[0163] Because the mechanical timepiece having the
balance-rotation angle control mechanism of the inven-
tion suppresses the timepiece instantaneous watch er-
ror from varying due to control on the swing angle of the
balance with hairspring, it is possible to increase the
lapse time from the full winding state in which the instan-
taneous watch error is approximately 0 to 5 seconds per
day as compared to a conventional mechanical time-
piece shown by an extreme thin line in Fig. 22.
[0164] That is, the mechanical timepiece of the inven-
tion has a sustaining time of approximately 32 hours in
which the instantaneous watch error is within approxi-
mately plus/minus 5 seconds per day. This sustaining
time value is approximately 1.45 times as long as a sus-
taining time of approximately 22 hours of the conven-
tional mechanical timepiece wherein the instantaneous
watch error is approximately within plus/minus 5 sec-
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onds per day.
[0165] The control of swing angle of the balance with
hairspring in the thus-structured mechanical timepiece
of the invention is made in consideration of a position of
the mechanical timepiece.
[0166] Therefore, the mechanical timepiece of the
present invention obtained a result of simulation that ac-
curacy is well as compared to the conventional mechan-
ical timepiece.

[INDUSTRIAL APPLICABILITY]

[0167] The mechanical timepiece of the present in-
vention has a simple structure and is suited for realizing
an extreme accurate mechanical timepiece.
[0168] Furthermore, because the mechanical time-
piece of the invention has a position detector section to
detect a position of the mechanical timepiece and an
optical detecting type of a balance-rotation detector sec-
tion to detect a swing angle of a balance with hairspring,
manufacture of a mechanical timepiece and watch error
adjustment are extremely easy.

Claims

1. In a mechanical timepiece structured having a
mainspring constituting a power source for the me-
chanical timepiece, a front train wheel rotating due
to rotational force given upon rewinding the main-
spring and an escapement/speed-control device for
controlling rotation of the front train wheel, said es-
capement/speed-control device being structured
including a balance with hairspring alternately re-
peating right and left rotation, an escape wheel and
pinion rotating based on rotation of said front train
wheel and a pallet fork controlling rotation of said
escape wheel and pinion based on operation of said
balance with hairspring, the mechanical timepiece
characterized by comprising:

a balance-rotation detector section (176) pro-
vided to detect a swing angle of said balance
with hairspring by detecting an operating state
of said balance with hairspring (140) using light;
a position detector section (361) for detecting
a position of said mechanical timepiece; and
a brake section (146) structured to apply such
a force as suppressing rotation of said balance
with hairspring (140) to said balance with hair-
spring (140) based on a signal concerning a po-
sition of said mechanical timepiece detected by
said position detector section (361) when a
swing angle of said balance with hairspring
(140) detected by said balance-rotation detec-
tor section (176) is greater than a preset set an-
gle.

2. A mechanical timepiece as claimed in claim 1, char-
acterized in that said balance-rotation detector
section (176) includes a light emitting part (130) to
illuminate a balance arm portion (140f) and a light
receiving part (132) to receive light illuminated to
said balance arm portion (140f).

3. A mechanical timepiece as claimed in claim 1 or 2,
characterized in that said brake section (146) in-
cludes a coil (180a, 180b) arranged to damp move-
ment of a balance magnet (140e) provided on said
balance with hairspring (140).

4. A mechanical timepiece as claimed in claim 3, char-
acterized by comprising a balance-rotation detect-
ing circuit (172) configured to control light emitted
by said light emitting part (130) and a balance-rota-
tion control circuit (306) configured to measure op-
eration of the balance arm portion (140f) and calcu-
late a swing angle of said balance with hairspring
(140),

wherein said balance-rotation control circuit
(306) does not energize said coil (180a, 180b)
where a swing angle of said balance with hairspring
(140) is smaller than a certain constant threshold,
but energizes said coil (180a, 180b) where a swing
angle of said balance with hairspring (140) is the
certain constant threshold or greater.

5. A mechanical timepiece as claimed in claim 4, char-
acterized by further comprising a power storage
section (137) to operate said balance-rotation de-
tecting circuit (172) and said balance-rotation con-
trol circuit (306).

6. A mechanical timepiece as claimed in claim 5, char-
acterized by further comprising a generator section
(150) to charge said power storage section (137).

7. A mechanical timepiece as claimed in claim 4 or
claim 5, characterized in that said position detec-
tor section (361) includes an oscillating weight
(360), a position detecting member (320) provided
on said oscillating weight (360), and a position de-
tecting electrode (322) for outputting a detection
signal to said balance-rotation control circuit (306)
by contacting said position detecting member (320)
when said mechanical timepiece is in a standing po-
sition.

8. A mechanical timepiece as claimed in claim 4 or
claim 5, characterized in that said position detec-
tor section (361) includes an oscillating weight
(360), a position detecting member (352) provided
on said oscillating weight (360), a position detecting
electrode (322) for outputting a detection signal to
said balance-rotation control circuit (306) by con-
tacting said position detecting member (352) when
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said mechanical timepiece is in a standing position,
a return spring (344) provided not to contact said
position detecting member (352) with said position
detecting electrode (322) when said mechanical
timepiece is in a flat position, and a spherical press
member (340) provided to contact said position de-
tecting member (352) with said position detecting
electrode (322) when said mechanical timepiece is
in a standing position.
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