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MECHANISM

(57)  Ina mechanical time piece according to the in-
vention, a movement 400 includes a barrel complete
120, a center wheel & pinion 124, a third wheel & pinion
126, a fourth wheel & pinion 128, a balance with hair-
spring 140, an escape wheel & pinion 130 and a pallet
fork 142. The mechanical time piece of the invention is
provided with a rotational angle control mechanism con-
stituted such that in a state in which a mainspring is com-
pletely wound up, air resistance is applied to rotation of
the balance with hairspring 140 and in a state in which

MECHANICAL TIMEPIECE WITH TIMED ANNULAR BALANCE ROTATING ANGLE CONTROL

the mainspring is completely rewound, the air resistance
is not applied to the rotation of the balance with hair-
spring 140. The balance rotational control mechanism
includes a resist lever 436, 496 arranged to an outer pe-
ripheral portion of the balance with hairspring 140 to pro-
vide a clearance therebetween.

Further, the balance rotational angle control mech-
anism is characterized in including a planetary gear
mechanism 410 related to a barrel complete gear 120a
and a ratchet wheel 116.
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Description
[Technical Field]

[0001] The present invention relates to a mechanical
time piece having a balance rotational angle control
mechanism constituted to exert a force for restraining
rotation of a balance with hairspring.

[Background of the Invention]

[0002] According to a conventional mechanical time
piece, as shownin Fig. 18 and Fig. 19, a movement (ma-
chine body) 1100 of a mechanical time piece is provided
with a main plate 1102 constituting a base plate of the
movement. A winding stem 1110 is rotatably integrated
to a winding stem guide hole 1102a of the main plate
1102. A dial 1104 (shown in Fig. 19 by an imaginary line)
is attached to the movement 1100.

[0003] Generally, in both sides of the main plate, a
side thereof having the dial is referred to as "back side"
of the movement and a side thereof opposed to the side
having the dial is referred to as "front side" of the move-
ment. A train wheel integrated to the "front side" of the
movement is referred to as "front train wheel" and a train
wheel integrated to the "back side" of the movement is
referred to as "back train wheel".

[0004] A position in the axis line direction of the wind-
ing stem 1110 is determined by a switch apparatus in-
cluding a setting lever 1190, a yoke 1192, a yoke spring
1194 and a setting lever jumper 1196. A winding pinion
1112 is provided rotatably at a guide shaft portion of the
winding stem 1110. When the winding stem 1110 is ro-
tated in the state in which the winding stem 1110 is dis-
posed at a first winding stem position (0-stage) on a side
most proximate to the inner side of the movement along
the rotational axis line, the winding pinion 1112 is rotated
via rotation of a clutch wheel. A crown wheel 1114 is
rotated by rotation of the winding pinion 1112. A ratchet
wheel 1116 is rotated by rotation of the crown wheel
1114. By rotating the ratchet wheel 1116, a mainspring
1122 contained in a barrel complete 1120 is wound up.
A center wheel & pinion 1124 is rotated by rotation of
the barrel complete 1120. An escape wheel & pinion
1130 is rotated via rotation of a fourth wheel & pinion
1128, a third wheel & pinion 1126 and the center wheel
& pinion 1124. The barrel complete 1120, the center
wheel & pinion 1124, the third wheel & pinion 1126 and
the fourth wheel & pinion 1128 constitute a front train
wheel.

[0005] An escapement & speed control apparatus for
controlling rotation of the front train wheel includes a bal-
ance with hairspring 1140, the escape wheel & pinion
1130 and a pallet fork 1142. The balance with hairspring
1140 includes a balance stem 1140a, a balance wheel
1140b and a hairspring 1140c. Based on rotation of the
center wheel & pinion 1124, a cannon pinion 1150 is si-
multaneously rotated. A minute hand 1152 attached to
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the cannon pinion 1150 displays "minute". The cannon
pinion 1150 is provided with a slip mechanism relative
to the center pinion & wheel 1124. Based on rotation of
the cannon pinion 1150, via rotation of a minute wheel,
an hour wheel 1154 is rotated. An hour hand 1156 at-
tached to the hour wheel 1154 displays "hour".

[0006] The barrel complete 1120 is supported rotata-
bly by the main plate 1102 and a barrel bridge 1160. The
center wheel & pinion 1124, the third wheel & pinion
1126, the fourth wheel & pinion 1128 and the escape
wheel & pinion 1130 are supported rotatably by the main
plate 1102 and a train wheel bridge 1162. The pallet fork
1142 is supported rotatably by the main plate 1102 and
a pallet bridge 1164. The balance with hairspring 1140
is supported rotatably by the main plate 1102 and a bal-
ance bridge 1166.

[0007] The hairspring 1140cis aleaf springin a helical
(spiral) shape having a plural turn number. An inner end
portion of the hairspring 1140c is fixed to a hairspring
holder 1140d fixed to the balance stem 1140a and an
outer end portion of the hairspring 1140c is fixed via a
hairspring stud 1170a attached to a stud support 1170
fixed to the balance bridge 1166 by fastening screws.
[0008] A regulator 1168 is attached rotatably to the
balance bridge 1166. A hairspring bridge 1340 and a
hairspring rod 1342 are attached to the regulator 1168.
A portion of the hairspring 1140c proximate to the outer
end portion is disposed between the hairspring bridge
1340 and the hairspring rod 1342.

[0009] Generally, according to a conventional repre-
sentative mechanical timepiece, as shown by Fig. 14,
with elapse of a duration time period of rewinding the
mainspring from a state in which the mainspring has
completely been wound up (fully wound state), main-
spring torque is reduced. For example, in the case of
Fig. 14, the mainspring torque is about 27 g-cm in the
fully wound state, becomes about 23 g-cm after elapse
of 20 hours from the fully wound state and becomes
about 18 g-cm after elapse of 40 hours from the fully
wound state.

[0010] Generally, according to a conventional repre-
sentative mechanical time piece, as shown by Fig. 15,
when the mainspring torque is reduced, the swing angle
of the balance with hairspring is also reduced. For ex-
ample, in the case of Fig. 15, when the mainspring
torque is 25-28 g-cm, the swing angle of the balance
with hairspring is about 240-270 degree and when the
mainspring torque is 20-25 g-cm, the swing angle of the
balance with hairspring is about 180-240 degree.
[0011] In reference to Fig. 16, there is shown a tran-
sitional change of instantaneous rate with regard to
swing angle of a balance with hairspring according to a
conventional representative mechanical time piece (nu-
merical value indicating accuracy of time piece). In this
case, the "instantaneous rate" is defined as "a value in-
dicating gain or loss of a mechanical time piece after
elapse of one day after the mechanical time piece is as-
sumed to be left for one day while maintaining state or
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environment of swing angle of a balance with hairspring
or the like when the rate is measured" . In the case of
Fig. 16, when a swing angle of a balance with hairspring
is equal to or larger than 240 degree or is equal to or
smaller than 200 degree, the instantaneous rate is re-
tarded.

[0012] For example, according to a conventional rep-
resentative time piece, as shown by Fig. 16, when the
swing angle of the balance with hairspring falls in a
range of about 200 through 240 degree, the instantane-
ous rate is about 0 through 5 seconds / day (gain of 0
through 5 seconds per day), however, when the swing
angle of the balance with hairspring is about 170 degree,
the instantaneous rate becomes about -20 seconds /
day (loss of about 20 seconds per day).

[0013] In reference to Fig. 17, there is shown a tran-
sitional change of elapse time and instantaneous rate
when a mainspring is rewound from a fully wound state
in a conventional representative mechanical time piece.
In this case, in the conventional mechanical time piece,
"rate" indicating gain of the timepiece or loss of the time
piece per day, is provided by integrating instantaneous
rate with regard to elapse time of rewinding the balance
with hairspring from a fully wound state, which is indi-
cated in Fig. 17 by an extremely slender line, over 24
hours.

[0014] Generally, according to the conventional me-
chanical timepiece, with elapse of duration time period
of rewinding the mainspring from the fully wound state,
the mainspring torque is reduced, the swing angle of the
balance with hairspring is also reduced and accordingly,
the instantaneous rate is retarded. Therefore, according
to the conventional mechanical timepiece, by estimating
loss of the time piece after elapse of the duration time
period of 24 hours, instantaneous rate when the main-
spring is brought into the fully wound state, is previously
gained and previously adjusted such that the "rate" in-
dicating gain of the time piece or loss of the time piece
per day becomes positive.

[0015] For example, according to the conventional
representative time piece, as shown by the bold line in
Fig. 17, although in the fully wound state, the instanta-
neous rate is about 10 seconds / day (gain of about 10
seconds per day), after elapse of 20 hours from the fully
wound state, the instantaneous rate becomes about 4
seconds / day (gain of about 4 seconds per day), after
elapse of 24 hours from the fully wound state, the in-
stantaneous rate becomes about 0 second per day (no
gain and no loss per day) and after elapse of 30 hours
from the fully wound state, the instantaneous rate be-
comes about -8 seconds / day (loss of about 8 seconds
per day).

[0016] Further, as a conventional apparatus of adjust-
ing a swing angle of a balance with hairspring, there is
disclosed, for example, in Japanese Utility Model Laid-
Open No. 41675/1979, a constitution having a swing an-
gle adjusting plate exerting braking force to a balance
with hairspring by generating eddy current at each time
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of pivotal approach of a magnet of the balance with hair-
spring.

[0017] It is an object of the present invention to pro-
vide a mechanical time piece having a balance rotation-
al angle control mechanism capable of controlling a
swing angle of a balance with hairspring to fall in a con-
stant range.

[0018] Further, it is an object of the present invention
to provide a mechanical time piece having excellent ac-
curacy in which a change in a rate is inconsiderable
even after elapse of an elapse time period from a fully
wound state.

[Disclosure of the Invention]

[0019] An aspect of the present invention is charac-
terized in a mechanical time piece having a mainspring
constituting a power source of the mechanical time
piece, a front train wheel rotated by a rotational force
when the mainspring is rewound and an escapement &
speed control apparatus for controlling rotation of the
front train wheel in which the escapement & speed con-
trol apparatus is constituted to include a balance with
hairspring alternately repeating right rotation and left ro-
tation, an escape wheel & pinion rotated based on the
rotation of the front train wheel and a pallet fork control-
ling rotation of the escape wheel & pinion based on op-
eration of the balance with hairspring, the mechanical
time piece comprising:

a rotational angle control mechanism constituted
such thatin a state in which the mainspring is completely
wound up, air resistance is applied to rotation of a bal-
ance with hairspring and in a state in which the main-
spring is completely rewound, the air resistance is not
applied to the rotation of the balance with hairspring.
[0020] It is preferable to construct a constitution in
which the balance rotational angle control mechanism
includes a resist lever arranged to an outer peripheral
portion of the balance with hairspring to provide a clear-
ance therebetween.

[0021] Further, it is preferable to construct a constitu-
tion in which the balance rotational angle control mech-
anism includes a planetary gear mechanism related to
a barrel complete gear and a ratchet wheel.

[0022] It is preferable to construct a constitution in
which the resist lever includes a window portion formed
by providing the clearance to the outer peripheral por-
tion of the balance with hairspring.

[0023] Further, there also can be constructed a con-
stitution in which the resist lever includes arm portions
formed by providing the clearance to the outer periph-
eral portion of the balance with hairspring.

[0024] By using the balance rotational angle control
mechanism constituted in this way, rotational angle of
the balance with hairspring of the mechanical time piece
can effectively be controlled, thereby, accuracy of the
mechanical time piece can be promoted.
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[Brief Description of the Drawings]

[0025] Fig. 1isaplane view showing an outline shape
of a front side of a movement in a state in which a main-
spring is rewound according to an embodiment of a me-
chanical time piece of the invention (in Fig. 1, portions
of parts are omitted and bridge members are indicated
by imaginary lines).

[0026] Fig. 2 is a partial sectional view showing an
outline shape of a front train wheel portion according to
the embodiment of the mechanical time piece of the in-
vention.

[0027] Fig. 3is a partial plane view showing an outline
shape of a portion of a resist lever of the movement in
the state in which the mainspring is rewound according
to the embodiment of the mechanical time piece of the
invention.

[0028] Fig. 4 is a partial sectional view showing the
outline shape of the portion of the resist lever of the
movement in the state in which the mainspring is re-
wound according to the embodiment of the mechanical
time piece of the invention.

[0029] Fig. 5is a block diagram showing operation of
the mechanical time piece in the state in which the main-
spring is wound up according to the embodiment of the
mechanical time piece of the invention.

[0030] Fig.6is aplane view showing an outline shape
of a front side of the movement in the state in which the
mainspring is wound up according to the embodiment
of the mechanical time piece of the invention (in Fig. 1,
portions of parts are omitted and bridge members are
indicated by imaginary lines).

[0031] Fig. 7 is a partial plane view showing an outline
shape of the portion of the resist lever of the movement
in the state in which the mainspring is wound up accord-
ing to the embodiment of the mechanical time piece of
the invention.

[0032] Fig. 8 is a partial sectional view showing the
outline shape of the portion of the resist lever of the
movement in the state in which the mainspring is wound
up according to the embodiment of the mechanical time
piece of the invention.

[0033] Fig. 9is a block diagram showing operation of
the time piece in the state in which the mainspring is
rewound according to the embodiment of the mechani-
cal time piece of the invention.

[0034] Fig. 10 is a plane view showing an outline
shape of a front side of a movement in a state in which
amainspring is rewound according to other embodiment
of a mechanical time piece of the invention (in Fig. 10,
portions of parts are omitted and bridge members are
indicated by imaginary lines).

[0035] Fig. 11 is a partial plane view showing an out-
line shape of a portion of a resist lever of the movement
in the state in which the mainspring is rewound accord-
ing to the other embodiment of the mechanical time
piece of the invention.

[0036] Fig. 12 is a plane view showing an outline
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shape of a front side of the movement in the state in
which the mainspring is rewound according to the other
embodiment of the mechanical time piece of the inven-
tion (in Fig. 12, portions of parts are omitted and bridge
members are indicated by imaginary lines).

[0037] Fig. 13 is a partial plane view showing the out-
line shape of the portion of the resist lever of the move-
ment in the state in which the mainspring is wound up
according to the other embodiment of the mechanical
time piece of the invention.

[0038] Fig. 14 is a graph showing an outline relation-
ship between an elapse time period of rewinding a main-
spring from a fully wound state and mainspring torque
in a mechanical time piece.

[0039] Fig. 15 is a graph showing an outline relation-
ship between a swing angle of a balance with hairspring
and mainspring torque in a mechanical time piece.
[0040] Fig. 16 is a graph showing an outline relation-
ship between a swing angle of a balance with hairspring
and instantaneous rate in a mechanical time piece.
[0041] Fig. 17 is a graph showing an outline relation-
ship between an elapse time period of rewinding a main-
spring from a fully wound state and instantaneous rate
in a mechanical time piece according to the invention
and a conventional mechanical time piece.

[0042] Fig. 18 is a plane view showing an outline
shape of a front side of a movement of a conventional
mechanical time piece (in Fig. 18, portions of parts are
omitted and bridge members are indicated by imaginary
lines).

[0043] Fig. 19 is an outline partial sectional view of
the movement of the conventional mechanical time
piece (in Fig. 19, portions of parts are omitted).

[Best Mode for Carrying Out the Invention]

[0044] An explanation will be given of embodiments
of a mechanical time piece according to the invention in
reference to the drawings as follows.

[0045] In reference to Fig. 1 and Fig. 2, according to
an embodiment of a mechanical time piece of the inven-
tion, a movement (machine body) 400 of the mechanical
time piece is provided with a main plate 102 constituting
a base plate of the movement. A winding stem 110 is
rotatably integrated to a winding stem guide hole 102a
of the main plate 102. A dial 104 (shown in Fig. 2 by
imaginary line) is attached to the movement 400.
[0046] The winding stem 110 is provided with a
square portion and a guide shaft portion. A clutch wheel
(not illustrated) is integrated to the square portion of the
winding stem 110. The clutch wheel is provided with a
rotational axis line the same as a rotational axis line of
the winding stem 110. That is, the clutch wheel is pro-
vided with a square hole and is provided to rotate based
on rotation of the winding stem 110 by fitting the square
hole to the square portion of the winding stem 110. The
clutch wheel is provided with tooth A and tooth B. The
tooth A is provided at an end portion of the clutch wheel
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proximate to the center of the movement 400. The tooth
B is provided at an end portion of the clutch wheel prox-
imate to an outer side of the movement 400.

[0047] The movement 400 is provided with a switch
apparatus for determining a position of the winding stem
110 in the axial line direction. The switch apparatus in-
cludes a setting lever 190, a yoke 192, a yoke spring
194 and a setting lever jumper 196. Based on rotation
of the clutch wheel, the position in the rotational axis line
of the winding stem 110 is determined. Based on rota-
tion of the yoke 192, a position in the rotational axis line
direction of the setting lever 190 is determined. Based
on rotation of the setting lever 190, the yoke 192 is po-
sitioned to two positions in the rotational direction.
[0048] A winding pinion 112 is provided rotatably at
the guide shaft portion of the winding stem 110. When
the winding stem 110 is rotated in a state in which the
winding stem 110 is disposed at a first winding stem po-
sition (0-stage) most proximate to the inner side of the
movement 400 along the rotational axis line, the winding
pinion 112 is constituted to rotate via rotation of the
clutch wheel. A crown wheel 114 is constituted to rotate
by rotation of the winding pinion 112. A ratchet wheel
116 is constituted to rotate by rotation of the crown wheel
114. A click 118 for making rotation of the ratchet wheel
116 one-directional is arranged to be in mesh with a gear
portion of the ratchet wheel 116.

[0049] The movement 400 is provided with a main-
spring 122 contained in a barrel complete 120 as its
power source. The mainspring 122 is made of an elastic
material having spring performance such as iron. By ro-
tating the ratchet wheel 116, the mainspring 122 is con-
stituted to be capable of being wound up.

[0050] A center wheel & pinion 124 is constituted to
rotate by rotation of the barrel complete 120. A third
wheel & pinion 126 is constituted to rotate based on ro-
tation of the center wheel & pinion 124. A fourth wheel
& pinion 128 is constituted to rotate based on rotation
of the third wheel & pinion 126. An escape wheel & pin-
ion 130 is constituted to rotate based on rotation of the
fourth wheel & pinion 128. The barrel complete 120, the
center wheel & pinion 124, the third wheel & pinion 126
and the fourth wheel & pinion 128 constitute a front train
wheel.

[0051] The movement 400 is provided with an es-
capement & speed control apparatus for controlling ro-
tation of the front train wheel. The escapement & speed
control apparatus includes a balance with hairspring
140 repeating right rotation and left rotation at a constant
period, the escape wheel & pinion 130 rotating based
on rotation of the front train wheel and a pallet fork 142
for controlling rotation of the escape wheel & pinion 130
based on operation of the balance with hairspring 140.
[0052] The balance with hairspring 140 includes a bal-
ance stem 140a, a balance wheel 140b and a hairspring
140c. The hairspring 140c is made of an elastic material
having spring performance such as "elinbar". That is,
the hairspring 140c is made of an electrically conducting
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material of metal.

[0053] Based on rotation of the center wheel & pinion
124, a cannon pinion 150 is simultaneously rotated. A
minute hand 152 attached to the cannon pinion 150 is
constituted to display "minute". The cannon pinion 150
is provided with a slip mechanism having a predeter-
mined slip torque relative to the center wheel & pinion
124.

[0054] Based on rotation of the cannon pinion 150, a
minute wheel (not illustrated) is rotated. Based on rota-
tion of the minute wheel, an hour wheel 154 is rotated.
An hour hand 156 attached to the hour wheel 154 is con-
stituted to display "hour".

[0055] The barrel complete 120 is supported rotatably
by the main plate 102 and a barrel bridge 160. The cent-
er wheel & pinion 124, the third wheel & pinion 126, the
fourth wheel & pinion 128 and the escape wheel & pinion
130 are supported rotatably by the main plate 102 and
atrain wheel bridge 420. The pallet fork 142 is supported
rotatably by the main plate 102 and a pallet bridge 164.
[0056] The balance with hairspring 140 is supported
rotatably by the main plate 102 and a balance bridge
166. That is, an upper mortise 140a1 of the balance
stem 140a is supported rotatably by a balance upper
bearing 166a fixed to the balance bridge 166. The bal-
ance upper bearing 166a includes a balance upper hole
jewel and a balance upper cap jewel. The balance upper
hole jewel and the balance upper cap jewel are made
of an insulating material such as ruby.

[0057] A lower mortise 140a2 of the balance stem
140a is supported rotatably by a balance lower bearing
102b fixed to the main plate 102. The balance lower
bearing 102b includes a balance lower hole jewel and
a balance lower cap jewel. The balance lower hole jewel
and the balance lower cap jewel are made of an insu-
lating material such as ruby.

[0058] The hairspring 140c is a leaf spring in a helical
(spiral) shape having a plural turn number. An inner end
portion of the hairspring 140c is fixed to a hairspring
holder 140d fixed to the balance stem 140a and an outer
end portion of the hairspring 140c is fixed by screws via
a hairspring holder 170a attached to a hairspring holder
cap 170 rotatably fixed to the balance bridge 166. The
balance bridge 166 is made of an electrically conductive
material of metal such as brass. The hairspring holder
cap 170 is made of an eclectically conductive material
of metal such as iron.

[0059] Next, an explanation will be given of operation
of the balance with hairspring 140 in reference to Fig. 1
and Fig. 2.

[0060] The hairspring 140c is expanded and contract-
ed in a radius direction of the hairspring 140c in corre-
spondence with a rotational angle of rotating the bal-
ance with hairspring 140. For example, in a state shown
by Fig. 1, when the balance with hairspring 140 is rotat-
ed in the clockwise direction, the hairspring 140c is con-
tracted in a direction toward a center of the balance with
hairspring 140, in contrast thereto, when the balance
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with hairspring 140 is rotated in the counterclockwise
direction, the hairspring 140c is expanded in a direction
remote from the center of the balance with hairspring
140. Incidentally, there may be constructed a structure
in which motion of the hairspring 140c is reverse thereto.
That is, there can also be constructed a constitution in
which when the balance with hairspring 140 is rotated
in the counterclockwise direction, the hairspring 140c is
contracted in the direction toward the center of the bal-
ance with hairspring 140 and when the balance with
hairspring 140 is rotated in the clockwise direction, the
hairspring 140c is expanded in the direction remote from
the center of the balance with hairspring 140.

[0061] Next, an explanation will be given of a balance
rotational angle control mechanism of the mechanical
time piece according to the invention.

[0062] An explanation will be given of a structure of a
planetary train wheel mechanism 410 according to an
embodiment of the mechanical time piece of the inven-
tion in reference to Fig. 1 through Fig. 4.

[0063] A first sun wheel 450 is rotatably supported by
the train wheel bridge 420 and the main plate 102. The
first sun wheel 450 is provided with a first sun gear 452,
a first sun pinion 454 and a first sun wheel stem 456.
The first sun wheel stem 456 includes a first shaft portion
456a, a second shaft portion 456b and a third shaft por-
tion 456¢ in a direction from the train wheel bridge 420
to the main plate 102. The first sun gear 452 is disposed
at the third shaft portion 456¢. The first sun pinion 454
is disposed on a side of the train wheel bridge 420 op-
posed to a face on the side of the main plate 102, that
is, on a side of a case back thereof.

[0064] A secondsunwheel460 is rotatably integrated
to the first shaft portion 456a of the first sun wheel stem
456. That is, the rotational center of the second sun
wheel 460 is the same as the rotational center of the first
sun wheel 450. The second sun wheel 460 is provided
with a second sun gear 462 and a second sun pinion
464.

[0065] A planetary transmission wheel 466 is rotata-
bly supported by a second train wheel bridge 422 and
the main plate 102. The second sun gear 462 is in mesh
with the planetary transmission wheel 466 and can be
rotated by rotation of the planetary transmission wheel
466. The planetary transmission wheel 466 is in mesh
with the ratchet wheel 116 and can be rotated by rotation
of the ratchet wheel 116.

[0066] A planetary intermediate gear 470 is arranged
rotatably to the second shaft portion 456b of the first sun
wheel stem 456. That s, the rotational center of the plan-
etary intermediate gear 470 is the same as the rotational
center of the first sun wheel 450. The planetary interme-
diate gear 470 is in mesh with a barrel complete gear
120a and can be rotated by rotation of the barrel com-
plete gear 120.

[0067] A first planetary wheel 472 is rotatably ar-
ranged to the planetary intermediate gear 470 with a
portion of the planetary intermediate gear 470 different
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from the rotational center of the planetary intermediate
gear 470 as its rotational center. Further, a second plan-
etary wheel 474 is rotatably arranged to the planetary
intermediate gear 470 with a portion of the planetary in-
termediate gear 470 different from the rotational center
of the planetary intermediate gear 470 as its rotational
center. That is, the rotational center of the first planetary
wheel 472 is the same as the rotational center of the
second planetary wheel 474.

[0068] The first planetary wheel 472 and the second
planetary wheel 474 together constitute a planetary
wheel 476 and the both are fixed to each other to be
rotatable relative to the planetary intermediate gear 470
in one unit. That is, the first planetary wheel 472 is ar-
ranged to be able to rotate by being disposed on a side
of the train wheel bridge 420 of the planetary intermedi-
ate gear 470, meanwhile, the second planetary wheel
474 is arranged to be able to rotate by being disposed
on a side of the main plate 102 of the planetary interme-
diate gear 170.

[0069] The first planetary wheel 472 is in mesh with
the second sun pinion 464 and accordingly, the first
planetary wheel 472 can be rotated while revolving at a
surrounding of the second sun pinion 464. The second
planetary wheel 474 is in mesh with the first sun gear
452 and accordingly, the second planetary wheel 474
can be rotated while revolving at a surrounding of the
first sun gear 452. Further, the first planetary wheel 472
and the second planetary wheel 474 are constituted to
be able to rotate while revolving in one unit.

[0070] According to the embodiment of the mechani-
cal time piece of the invention, the speed reduction ratio
of the planetary train wheel mechanism 410 is, for ex-
ample, 1/432.

[0071] A resist transmission wheel 480 is rotatably
supported by the second train wheel bridge 422 and the
train wheel bridge 420. The resist transmission wheel
480 is provided with a resist transmission gear 482 and
aresisttransmission pinion 484. The resist transmission
gear 482 is provided with two pieces of spring portions
and is attached to the resist transmission pinion 484
such that the spring portions can slip relative to the resist
transmission pinion 484 by predetermined slip torque.
The resist transmission gear 482 is in mesh with the first
sun pinion 454 and can be rotated by rotation of the first
sun pinion 454.

[0072] Aresistwheel 486 is rotatably supported by the
second train wheel bridge 422 and the train wheel bridge
420. The resist wheel 486 is provided with a resist gear
488. The resist gear 488 is in mesh with the resist trans-
mission pinion 484 and can be rotated by rotation of the
resist transmission pinion 484.

[0073] A resist wheel degree determining pin 430 is
provided to the second train wheel bridge 422. A degree
determining portion 432 of the resist wheel degree de-
termining pin 430 is disposed in a notched potion 488c
of the resist gear 488. A resist lever 436 is fixed to the
resist wheel 486. The resist lever 436 can be rotated by
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rotation of the resist wheel 486. By positioning the
notched portion 488c¢ of the resist gear 488 by the resist
wheel degree determining pin 430, rotational angle of
the resist gear 488 is restricted to a constant range,
thereby, rotational angle of the resist lever 436 is restrict-
ed to a constant range.

[0074] The resist lever 436 is provided with a resist
lever window portion 436a. The resist lever window por-
tion 436a is formed in a circular shape and its inner di-
ameter is formed to be larger than an outer diameter of
the balance with hairspring 140. For example, when the
outer diameter of the balance with hairspring 140 is 8
millimeters, it is preferable that the inner diameter of the
resist lever window portion 436 is 10 millimeters. That
is, it is preferable that a clearance SUK in the radius
direction between the outer peripheral portion of the bal-
ance with hairspring 140 and the resist lever window
portion 436a falls in a range of 0.8 through 1.2 millime-
ters (slightly larger or smaller than about 1 millimeter).
[0075] A thickness of the resist lever 436 is 1.7 mil-
limeters. A thickness of the balance wheel of the bal-
ance with hairspring 140 is 0.8 millimeter. That is, it is
preferable that the thickness of the resist lever 436 is
formed to be larger than the thickness of the balance
wheel.

[0076] According to the resist lever 436, a position of
a center of the resist lever window portion 436a is posi-
tioned to be substantially coincident with the rotational
center of the balance with hairspring 140 in a state in
which the mainspring is completely rewound. That is,
Fig. 1, Fig. 3 and Fig. 4 show a relationship between the
resist lever 436 and the balance with hairspring 140 in
the state in which the mainspring is completely rewound.
The clearance SUK in the radius direction between the
outer peripheral portion of the balance with hairspring
140 and the resist lever window portion 436a is deter-
mined such that rotation of the balance with hairspring
140 in the state in which the mainspring is completely
rewound, is not influenced by the resist lever window
portion 436a.

[0077] Next, an explanation will be given of operation
of the mechanical time piece in winding up the main-
spring according to the embodiment of the mechanical
time piece of the invention. A rotational direction de-
scribed below indicates a direction viewing the front side
of the movement from the case back side.

[0078] Inreference to Fig. 3 through Fig. 5, in the state
in which the mainspring is completely rewound, by ro-
tation of the wind up train wheel (112, 114), the ratchet
wheel 116 is rotated in the clockwise direction. Under
the state, rotation of the planetary intermediate gear 470
is restricted by the barrel complete gear 120a and ac-
cordingly, the planetary intermediate gear 470 consti-
tutes "fixed gear" in the planetary gear mechanism.
[0079] By rotation of the ratchet wheel 116, the plan-
etary transmission wheel 466 is rotated in the counter-
clockwise direction. By rotation of the planetary trans-
mission wheel 466, the second sun wheel 460 is rotated
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in the clockwise direction. Since rotation of the planetary
intermediate gear 470 is restricted, by rotation of the
second sun wheel 460, the first planetary wheel 472 and
the second planetary wheel 474 are rotated in the coun-
terclockwise direction. Rotation of the first planetary
wheel 472 and the second planetary wheel 474 is the
"rotation" in which the rotational center is not moved.
[0080] By rotation of the second planetary wheel 474,
the first sun wheel 450 is rotated in the clockwise direc-
tion. By rotation of the first sun wheel 450, the resist
transmission wheel 480 is rotated in the counterclock-
wise direction. By rotation of the resist transmission
wheel 480, the resist gear 488 is rotated in the clockwise
direction. When the resist gear 488 is rotated in the
clockwise direction, at the same time, the resist lever
436 is rotated in the clockwise direction.

[0081] Therefore, by winding up the mainspring, the
resist lever 436 is rotated in the clockwise direction from
a state shown by Fig. 3.

[0082] By further winding up the mainspring, the resist
lever 436 is further rotated in the clockwise direction and
a state shown by Fig. 6 through Fig. 8 is produced. The
state shown by Fig. 6 through Fig. 8 is a "fully wound"
state of the mainspring. A position of the resist lever 436
under the state is restricted by positioning the notched
portion 488c of the resist wheel 488 by the resist wheel
degree determining pin 430.

[0083] In the state shown by Fig. 6 through Fig. 8, it
is preferable that the clearance SUM at portions of the
outer peripheral portion of the balance with hairspring
140 and the resist lever window portion 436a minimizing
the clearance in the radius direction therebetween, falls
in a range of 0.1 through 0.2 millimeter.

[0084] The clearance SUM in the radius direction be-
tween the outer peripheral portion of the balance with
hairspring 140 and the resist lever window portion 436a,
is determined such that in such a state in which the
mainspring is completely wound up ("fully wound"
state), rotation of the balance with hairspring 140 is at-
tenuated by being influenced by the resist lever window
portion 436a. That is, in the state shown by Fig. 6
through Fig. 8, flow of air disposed between the outer
peripheral portion of the balance with hairspring 140 and
the resist lever window portion 436a, undergoes a re-
sistance by the outer peripheral portion of the balance
with hairspring 140 and the resist lever window portion
436a and a force for restraining rotation of the balance
with hairspring 140 is exerted to the balance with hair-
spring 140.

[0085] Next, an explanation will be given of operation
of the time piece when the mainspring is rewound, that
is, when the mechanical time piece displays time ac-
cording to the embodiment of the mechanical time piece
of the invention.

[0086] In reference to Fig. 7 through Fig. 9, the barrel
complete gear 120a is rotated and time is displayed. At
this occasion, the barrel complete gear 120a is rotated
in the clockwise direction.
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[0087] Under the state, by operation of the click 118
engaged with the gear of the ratchet wheel 116, rotation
of the ratchet wheel 116 is restricted and therefore, ro-
tation of the planetary transmission wheel 466 is also
restricted and the second sun wheel 460 constitutes the
"fixe gear" in the planetary gear mechanism.

[0088] By rotation of the barrel complete gear 120a,
the planetary intermediate gear 470 is rotated in the
counterclockwise direction. Since rotation of the second
sun wheel 460 is restricted, by rotation of the planetary
intermediate gear 470, the first planetary wheel 472 is
rotated while revolving at the surrounding of the second
sun pinion 464. Since the first planetary wheel 472 and
the second planetary wheel 474 are integrated, the sec-
ond planetary wheel 474 is rotated while revolving at the
surrounding of the first sun gear 452.

[0089] Under the state, the first planetary wheel 472
and the second planetary wheel 474 are rotated in the
counterclockwise direction. Rotation of the first plane-
tary wheel 172 and the second planetary wheel 174 con-
stitute "planetary motion" in which the rotational center
is varied. For example, according to the embodiment of
the mechanical time piece of the invention, the train
wheel reduction ratio is 1/2.

[0090] By rotation of the second planetary wheel 474
and the planetary intermediate gear 470, the first sun
wheel 450 is rotated in the counterclockwise direction.
By rotation of the first sun wheel 450, the resist trans-
mission wheel 480 is rotated in the clockwise direction.
By rotation of the resist transmission wheel 480, the re-
sist gear 488 is rotated in the counterclockwise direc-
tion. When the resist gear 488 is rotated in the counter-
clockwise direction, at the same time, the resist lever
436 is rotated in the counterclockwise direction.

[0091] Therefore, by rewinding the mainspring, the re-
sistlever 436 is rotated in the counterclockwise direction
from the state shown by Fig. 7.

[0092] By further rewinding the mainspring, the resist
lever 436 is further rotated in the counterclockwise di-
rection and the state shown by Fig. 1 through Fig. 4 is
produced. The state shown by Fig. 1 through Fig. 4 is
the state in which the mainspring is completely rewound.
The position of the resist lever 436 under the state, is
restricted by positioning the notched portion 480c of the
resist gear 488 by the resist wheel degree determining
pin 430.

[0093] Therefore, according to the embodiment of the
mechanical time piece of the invention, the clearance in
the radius direction between the outer peripheral portion
of the balance with hairspring 140 and the resist lever
window portion 436a is constituted such that the clear-
ance is the smallest in the state in which the mainspring
is completely wound up ("fully wound" state) and the
largestin the state in which the mainspring is completely
rewound. Further, it is determined that in the state in
which the mainspring is completely wound up ("fully
wound" state), rotation of the balance with hairspring
140 is attenuated by being mostly influenced by the re-
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sist lever window portion 436a. That is, the flow of air
disposed between the outer peripheral portion of the
balance with hairspring 140 and the resist lever window
portion 436a, undergoes the largest resistance by the
outer peripheral portion of the balance with hairspring
140 and the resist lever window portion 436a in the state
in which the mainspring is completely wound up ("fully
wound" state) and exerts the largest force for restraining
rotation of the balance with hairspring 140 to the balance
with hairspring 140.

[0094] Further, by rewinding the mainspring from the
state in which the mainspring is completely wound up
("fully wound" state), the resistance which the flow of air
disposed between the outer peripheral portion of the
balance with hairspring 140 and the resist lever window
portion 436a undergoes, is reduced and when the main-
spring is completely rewound, the resistance is eliminat-
ed.

[0095] According to the mechanical time piece of the
invention constituted in this way, the rotational angle of
the balance with hairspring 140 can efficiently be con-
trolled.

[0096] Next, an explanation will be given of other em-
bodiment of a mechanical time piece according to the
invention.

[0097] In reference to Fig. 10, according to other em-
bodiment of a mechanical time piece of the invention, a
movement (machine body) 490 of a mechanical time
piece is provided with a main plate 102T constituting a
base plate of the movement. The outer diameter dimen-
sion of the main plate 102T is smaller than the outer di-
ameter dimension of the main plate 102.

[0098] Aresistlever 496 is fixed to a resist wheel 486.
The resist lever 436 can be rotated by rotation of the
resist wheel 486. The resist lever 496 is provided with
a first arm 496a and a second arm 496b.

[0099] In reference to Fig. 10 and Fig. 11, the resist
lever 496 is provided with a resist lever window portion
496c¢. The resist lever window portion 496¢ is constitut-
ed by a shape in correspondence with a portion of a cir-
cle and the inner diameter is formed to be larger than
the outer diameter of the balance with hairspring 140.
For example, when the outer diameter of the balance
with hairspring 140 is 8 millimeters, it is preferable that
the inner diameter of the resist lever window portion
496¢ is 10 millimeters. That is, it is preferable that the
clearance SUK in the radius direction between the outer
peripheral portion of the balance with hairspring 140 and
the resist lever window portion 496c¢, falls in a range of
0.8 through 1.2 millimeters (slightly larger or smaller
than about 1 millimeter).

[0100] The thickness of the resist lever 496 is 1.7 mil-
limeters. The thickness of the balance wheel of the bal-
ance with hairspring 140 is 0.8 millimeter. That is, it is
preferable that the thickness of the resist lever 496 is
formed to be larger than the thickness of the balance
wheel.

[0101] According to the resist lever 496, the position
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of the center of the resist lever window portion 496¢ is
positioned to be substantially coincident with the rota-
tional center of the balance with hairspring 140 in the
state in which the mainspring is completely rewound.
Thatis, Fig. 10 and Fig. 11 show a relationship between
the resist lever 496 and the balance with hairspring 140
in the state in which the mainspring is completely re-
wound. The clearance SUK in the radius direction be-
tween the outer peripheral portion of the balance with
hairspring 140 and the resist lever window portion 496c¢,
is determined such that rotation of the balance with hair-
spring 140 in the state in which the mainspring is com-
pletely rewound, is not influenced by the resist lever win-
dow portion 496c¢.

[0102] Structure of other portion in the other embodi-
ment of the mechanical time piece of the invention, is
similar to the structure in the embodiment of the me-
chanical time piece of the invention described above in
reference to Fig. 1 through Fig. 9.

[0103] According to the other embodiment of the me-
chanical time piece of the invention, by winding up the
mainspring, the resist lever 496 is rotated in the clock-
wise direction from a state shown by Fig. 10 and Fig. 11.
[0104] By further winding up the mainspring, the resist
lever 496 is further rotated in the clockwise direction and
a state shown by Fig. 12 and Fig. 13 is produced. The
state shown by Fig. 12 and Fig. 13 constitutes the "fully
wound" state of the mainspring.

[0105] In the state shown by Fig. 12 and Fig. 13, itis
preferable that the clearance SUM of portions of the out-
er peripheral portion of the balance with hairspring 140
and the resist lever window portion 496¢ minimizing the
clearance in the radius direction therebetween, falls in
a range of 0.1 through 0.2 millimeter.

[0106] The clearance SUM in the radius direction be-
tween the outer peripheral portion of the balance with
hairspring 140 and the resist lever window portion 496c,
is determined such that rotation of the balance with hair-
spring 140 is attenuated by being influenced by the re-
sist lever window portion 496¢ in the state in which the
mainspring is completely wound up ("fully wound"
state). That s, in the state shown by Fig. 12 and Fig. 13,
the flow of air disposed between the outer peripheral
portion of the balance with hairspring 140 and the resist
lever window portion 496¢, undergoes a resistance by
the outer peripheral portion of the balance with hair-
spring 140 and the resist lever window portion 496¢ and
exerts a force for restraining rotation of the balance with
hairspring 140 to the balance with hairspring 140.
[0107] Otheroperation in the other embodiment of the
mechanical time piece of the invention, is similar to op-
eration in the embodiment of the mechanical time piece
of the invention previously described in reference to Fig.
1 through Fig. 9.

[0108] As has been explained above, the invention is
constructed by the constitution having the balance rota-
tional angle control mechanism in the mechanical time
piece constituted such that the escapement & speed
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control apparatus includes the balance with hairspring
repeating right rotation and left rotation, the escape
wheel & pinion rotated based on rotation of the front train
wheel and the pallet fork for controlling rotation of the
escape wheel & train based on operation of the balance
with hairspring and accordingly, the accuracy of the me-
chanical time piece can be promoted without reducing
the duration time period of the mechanical time piece.
[0109] Thatis, according to the invention, attention is
paid to the correlation between the instantaneous rate
and the swing angle, by maintaining constant the swing
angle, the change in the instantaneous rate is restrained
and the time piece is adjusted such that gain or loss of
the time piece per day is reduced.

[0110] In contrast thereto, according to the conven-
tional mechanical time piece, the swing angle is
changed with elapse of time by the relationship between
the duration time period and the swing angle. Further,
by the relationship between the swing angle and the in-
stantaneous rate, the instantaneous rate is changed
with elapse of time. Therefore, it has been difficult to pro-
long the duration time period of the time piece capable
of maintaining constant accuracy.

[0111] Next, an explanation will be given of a result of
a simulation with respect to the mechanical time piece
of the invention which is developed to resolve the prob-
lem of the conventional mechanical time piece.

[0112] In reference to Fig. 17, according to the me-
chanical time piece of the invention, in the state in which
the mainspring is completely wound up, the rate is about
10 seconds / day (gain of about 10 seconds per day),
after elapse of 20 hours from the fully wound state, the
instantaneous rate becomes about 7 seconds / day
(gain of about 7 seconds per day) and after elapse of
30 hours from the fully wound state, the instantaneous
rate becomes about -3 seconds / day (loss of about 3
seconds per day).

[0113] In contrast thereto, according to the conven-
tional mechanical time piece, in the state in which the
mainspring is completely wound up, the rate is about 10
seconds / day (gain of about 10 seconds per day), after
elapse of 20 hours from the fully wound state, the in-
stantaneous rate becomes about 4 seconds / day (gain
of about 4 seconds per day) and after elapse of 30 hours
from the fully wound state, the instantaneous rate be-
comes about -8 seconds / day (loss of about 8 seconds
per day).

[0114] According to the mechanical time piece having
the balance rotational angle control mechanism of the
invention, by controlling the swing angle of the balance
with hairspring, the change in the instantaneous rate of
the time piece is restrained and therefore, in comparison
with the conventional mechanical time piece, an elapse
time period from the fully wound state in which the in-
stantaneous rate is about 0 through 10 seconds / day
can be maintained longer.

[0115] Thatis, according to the mechanical time piece
of the invention, a duration time period in which the in-
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stantaneous rate falls in a rage of about 0 through 10
seconds / day is about 28 hours. According to the con-
ventional mechanical time piece, a duration time period
in which the instantaneous rate falls in the range of
about 0 through 10 seconds / day is about 24 hours.
Therefore, according to the mechanical time piece of the
invention, the duration time period in which the change
in the rate falls within 10 seconds / day can be made
about 1.2 times as much as that of the conventional me-
chanical time piece.

[0116] Therefore, there is provided the result of the
simulation in which the mechanical time piece according
to the invention is very accurate in comparison with the
conventional mechanical time piece.

[Industrial Applicability]

[0117] The mechanical time piece according to the in-
vention is provided with the simple structure and is suit-
able for realizing a mechanical time piece having very
excellent accuracy.

Claims

1. A mechanical time piece characterized in that in a
mechanical time piece having a mainspring consti-
tuting a power source of the mechanical time piece,
a front train wheel rotated by a rotational force when
the mainspring is rewound and an escapement &
speed control apparatus for controlling rotation of
the front train wheel in which the escapement &
speed control apparatus is constituted to include a
balance with hairspring alternately repeating right
rotation and left rotation, an escape wheel & pinion
rotated based on the rotation of the front train wheel
and a pallet fork controlling rotation of the escape
wheel & pinion based on operation of the balance
with hairspring, said mechanical time piece com-
prising:

a rotational angle control mechanism consti-
tuted such that in a state in which the mainspring is
completely wound up, air resistance is applied to
rotation of a balance with hairspring (140) and in a
state in which the mainspring is completely re-
wound, the air resistance is not applied to the rota-
tion of the balance with hairspring (140).

2. The mechanical time piece according to Claim 1,
characterized in that the balance rotational angle
control mechanism includes a resist lever (436,
496) arranged to an outer peripheral portion of the
balance with hairspring (140) to provide a clearance
therebetween.

3. The mechanical time piece according to Claim 1 or
2, characterized in that the balance rotational angle
control mechanism includes a planetary gear mech-
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anism (410) related to a barrel complete gear
(120a) and a ratchet wheel (116).

The mechanical time piece according to Claim 2,
characterized in that the resist lever (436) includes
a window portion (436a) formed by providing the
clearance to the outer peripheral portion of the bal-
ance with hairspring (140).

The mechanical time piece according to Claim 2,
characterized in that the resist lever (496) includes
arm portions (496a, 496b) formed by providing the
clearance to the outer peripheral portion of the bal-
ance with hairspring (140).
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