DESCRIPTION

ATTITUDE DETECTION DEVICE

Technical Field
The present invention relates to an attitude detection
device capable of detecting with high precision an attitude

of a machine or equipment in which it is used.

Backg'round of the Im'lention.
(Conventional Attitude Detection Device)

A conventional attitude detection device disclosed in
JP—A-6-30l7865, for eicampie , has a hollow outer spherical body
and an inner sphei:ical bodj rigidly secured in a hollow portidn

.of the outer sphericai body with a predetermined'layer': space
therebetween, wherein a fluid cohductor is arranged between
a first conductive area including an electrode formed over t'he
entire inner side of the outer spherical body and a second
conductivé area inéluding a plufality of electrodes forméd__ in
a,.dotted pattern on the outer side of the inner spherical Body.
In this conventional attitude detection device, the fluid
co.nduci.:o.r can move in the layer space between | the first
conductive area and the 'secolnd conductive area to bring one
of the electrodes in the second conductive area into electrical
contact with the electrode of the first conductive area to

‘detect the attitude of the equipment.



)

(Ma.ilnspring Torque and Deflection Angle of Balance in
Conventional Mechanical Watch)

Generaliy , conventional meché.nical watches do ﬁot hav_e
an attitude detection device. In such a colnve_nt_ional typical |
mechanical watch, as shown in Fig. 30, the 'mainspring torque
decreases as the spring unwinds from a completely wound state
(fully wound state) wifh the elapse of the operating' time. In
the case o.f Fig. 30, for :exa\'mp.le , the mainspring torque is about
27 g'om in a fully wound state. The mainspring torque decreases
to about 23 gcm 20 hours after the mainspring is fully woﬁnd,

and further to about 18 g'cm 40 hours from the fully wound state.

Generally, in a conventional typical mechanical watch,
as shown in Fig. 31, as the mainspring torque decreases, the

deflection angle of the balance also decreases. For example,

.in the case of Fig. 31, when the mainspring torque is

25 g.cm-28 g'?cm, the deflection angle of the balance is about |
240-270 degrees; and when the mainspring torque is 20 g-cm-
25 g.cm, the deflection angle of _theV balance is about 180-240

degrees.

(Instantaneous Watch Error of Conventional Mechanical Watch)
Fig. 32 shows a transition of an instantaneous watch
error (value representing the accuracy of a watch) as related

to thedeflection angle of the balance in a conventional typic'al



mechanical wa_tch_; Here, the "instantaneous watch error"
refers to a "value representing an amount gained or los.t by
a meéhanical watch per day by assuming that the n'echanical watch
has been left to stand for one day while maintaining the state
nnd' environment, such as the defléction angle of the balanc'e‘,,
" as they we're when the watch error was Imeasured. " In the case
‘shown in Fig. 32, when the deflection angle of the balance is
.240 degrees or more, or 200ldegrees or less, the ins_tant'aneouls'
'watc.h error loses. |

For example, in the conventional typical mechanical
watch, when the de_fiection angle of the b_alance is about 200-240
degrees, the instantaneous Watch error is about 0-5 seconds/day
| (it Qains about 0-5 seconds a day). When the de.flection angle
of the balénce is épproximately 170-de§rees, the instantaneous
watch error is approximately -20 seconds/day (it loses about
20 seconds a day). | |

Fig. 27 shows a transition over time of the instantaneous
watch érror in a conventional typical mecnanical wntch as thé
spring unwinds from the fully wound state. | In the conventinnal
mechaninal watch, the "watch error"” indicating the amount
gained .or lost by the watch per day is obtained by integrating
over 24 hours the instantaneous watch error indicated bj a th;".ck
~line in Fig. 27 which is related to the time it takes forlthe
spring to unwind from the fully wound state.

Generally, in the conventional mechanical watch, as the



spring unwinds from the fuliy wound state with the elapse of
the cpetating time, the mainspring torque decreases and the
deflection angle of the balance also decreases, which in turn
causes the instantaneous watch error to lose. Hence, in the
prior art mechanical watch, it is a conventional practice that,
to allow for the slowdown that will occur 24 hours of the
operating time later, the instantaneous watch error when the
spr:.ng is fully wound is advanced beforehand such that the
_ "watch error" indicating the amount ga:.ned or lost by the watch
.1n one day will be positive.

For example, in the conventional typical mechanical
watch, as shown by a thick line in Fig. 27, the instantaneous
watch error is about 5 seconds/day (the watch gains about 5
seconds a day) in a fully wound state,.- But the instantaneous
watch erro: decreases to about -1 second/day (the watch loses
about 1 second a day) 20 hours after the mainspring is fully
wound, and further to -5 seconds/day (it loses about 5 seconds
~a day) 24 hours from the fnlly wound state. When 30 hours pass' |
from the fully wound. .s-tate, the instantaneous watch error .
_becomes approximately -15 .second.s/d'ay (the watch_lcse“s about

15 seconds a day).

- (Attitude and Instantaneous Watch Error of Conventional
- Mechanical Watch)

Further, in a conventional typical mechanical watch, the .



instantaneoué watch error when the watch is in a "horizontal
attitudeﬁaand in a "inverted horizontal attitude” is faster
than the instantaneous watch error when it is in a "vertical
attitude." |

For example, when a conventional typical mechanical
watch is in a "horizontal attitude“. and in an "inverted
horizontal attitude", although the instantaneous watch error
in the fully wound state is about 8 seconds /day (the watch gains
about 8 Séconds a day), as indicated by a fhick 1ine in Fig.
33, the instantaneous watch error decreases to about 3
seconds/day (it gains about 3:secohds a day) 20 hours from the
fully wound state, to about -2 seconds/day (it loses about 2
seconds a day) 24 houré from the fully woﬁnd stafe, and to about
-12 seconds/day .( it loses about 12 seconds a day) 30 hours from
the fully wound state.

In the "vertical attitude", on. the other hand, the
conventional typical mechanical watch has the instantaneous'
wafch error of about 3 seconds/day (the;watdh gains'abouﬁ 3
seconds a day) in a fully wound state, as indicated by a thin
line in'Fig. 33. The instantaneous ﬁatch error, however,
decreases to about -2 seconds/day (the watch gains about 2
seconds a day) 20 hours after the mainspring is fully wound,
to about -7 Seconds/day (it loses about 7 seconds a day) 24
hourslfrom the fully wound state, and further to about -17

seéonds/day (it loses about 17 seconds a day) 30 hours from



the fully wound state.

t-Object of the Invention)
It is an object of the presént invention to provide an -

attitude detection devicé capable of detecting with high

precision an attitude of a machine or equipment in which it

'is used.

It is another object of the present invention to provide a smail _

attitude détection_ device v}ith high precision that can bé used

in small precision devices such as mechanical watches.

Disclosure of the Inv_entionl
' The present invention is characterized by the attitude

detection device which comptises ¢ a case having' a hexahedral
shape; electrodes arranged one on each inner surface of the
case.; and a conductive fluid accommodated in the case; wherein
the electrodes are insulated from one another. |

In the attitude detection device of the ip\}ention, it
is preferred that the conductive fluid be arranged to assume
a' state in wh-.ichi'it cpntacts fi_ve of the electrodes, a state |
in which it contacts four of the electrodes, and a state in'
which'. it contacts three of the electrodes.

In the attitude detection dévice of the invention, it
is preferred that the electrodes be almost square 'in shapé and

their shapes be almost identical.



The pres‘ent invention is characterized by the attitude
detection device which comprises: a case having a hexahedral
shape; electrodes arranged two or more on each inner surface
of the case; a.nd.a. conductive fluid accommodated in the case;

wherein the electrodes are insulated from one another.

Brief Description of the Drawings

Fig. 1 is a plan view showing an outline construction
of the front side of a movement of a mechaniéal.watch having
thé attitﬁde detection device of the invention (In Eig. 1a
part of the components is omitted and support melﬁbers are
indicated by imaginary lines).

Fig.lz is anoutline partial crosé section of the movg:-ment
of the mechanical watch haVing the attitude detection device
of the invention (InFig. 2 a part of the components is omitted).

Fig. 3 is an enlarged partial plan vit_aw' showing an outiine_
co‘nstructi_on of a balance in the meéhanical watch having the
attitude detection device of tl_1e invention _when a ”switch
mechanism is in an off state.

Fig. 4 is an enlarged partial crésé section showing an
outline construction of a balance in the mechanical watc.h'
having the attitude detection device of the invention when a
switch mechanism is in an off state.

Fig. 5 is a perspective view showing an outline

construction of a balance niagnet used in the mechanical watch



having the attitude detection device of the invention,

Fig. 6 is an enlarged perspective view showing an outline
construction of a first embodiment of the attitude detection
qevice of the invention.:

Fig. 7 is an enlarged cross section view_showing an
outline construction of a first embodiment of the attitude
detection device of the invention.

ii'ig . 8 is an enlarged nerspective view showing an ontline
construction of electrode patterns in the first embodrment of
the attitude detection device of the invention (In Fig. 8 a
case 510a is indicated by tno-dotted_chain line, with lines
| representing the thickness of each electrode omitted)’

Fig. 9 is an enlarged perspect:l.ve view showing a pattern
of f:Lve electrodes in a conducting state inthe f irst embod:.ment
of the attitude detection device of the invention (In Elg. 9
the lines repreSenting the thickness of each electrode_are
omitted).

Fig. 10 is a c:i.rcuitry showing a pattern of five
electrodes in a ccnductinc state.in the first embodiment of
the attitude detection device cf the invention.

.Fig_. 11 is an enlarged perspective view showing a pattern
of four electrodes ina conduclting state in the first embodiment
of the attitude detection device_of the invention.

Fig. 12 is a circuitry showing a pattern of four

electrodes in a conducting state in the first embodiment of



the attiﬁude-detectibn device of the invention.

Fig. 13 is an enlarged perspective view showing a p_attern
of three electrodes in a conducting state ih the first
embodiment of the ai;titude detection device of the inventidn. '

Fig. 14 is a circuitry showing a pattern of three
elecfrodes in a conducting stéte in the first.embodiment of
the attitude detection device of the invention.

Fig. 15 is a table showing the relation, in the n_ie_chanical
watch having_ﬁhe_fifst embodiment of the attitude detection
device of the'invention, between the attitude in which the
mechanical watch is arranged, fhe conduction state of each

elecﬁrode pattérn of the attitude detection device of the
inventioh; and an electric'résistance provided in a circuit
block of the mechanical watch. |

Fig. 16 is an’ehla:ged partial plan view showing an
‘outline construction of a balance in the mechénical watch
having the attitude detection device of the invention when a
‘switch mechanism is in an on:state. |

Fig. 17 is an enlérged partiai cross sectiqn showing an
outline construction of a balance in the mechanical watch
having the attitude detection device of the invention when a
‘switch mechanism is in an on stéte. T

Fig. 18 is a bldck diagram showing the operation'of_the
attitude detection device in the mechanical watch having the

attitude detection device of the invention.



Fig. 19.is an enlarged perspective view showing an
outline construction of a second embodiment of the attitude
detectionldevice of the invention (In Fig. 19 a part of
reference numbers of lead wires is omitted).

Fig. 20 is an enlarged perspective.view showing an’
outline construction of electrode patterns in the second
embodimeh-t of the attitude detection device of the invention.

Fig. 21 an enlarged perspeétive,view showing a pattern
of 12 electrodes in a éonducting'state in the second embodiment
_of the attitude detection device of the invention. |

Fig. 22 is a circuitry s'howing a pattern of 12 electrodes
in a conducting state in the éecond embodiment of .the,aihititude
- detection device of the invention.

Fig. 23 is an enlarged perspective.view showing a pattern
of six electrodes in a conducting state in the second embodiment
of the attitﬁde detection device of the invention.

Fig. 24 is acircuitry showing apattern of six electfodes
in a conducting state in the seéon‘d embodiment of the attitude
'detéction_device of the invention.

Fig. 25 is an enlarged pefspectiv_e view showing a pattern
of fhree electrodes in_a_conducting-state in the second
embodiment of the attitude detection device of the invention.

Fig. 26 is a circuitry showing a pattern of three
electrodes in a conducting state in the second émbodiﬁent of

the attitude detection device of the invention.
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Fig. 27 is é graph schematicaily showing a relation
between an instanfaneous watch error and an elapsed time from
a fully wound state of a spring in a_méchanical watch having
the attitude detection device of the invention and in a
conventional meéhéninal watch.

Fig. 28. isa table showing the relatiqn, in the mechanical
watch having the second embodiment of the attitude detection
device of the invention, between the attitude in which the
mechanical watch is arranged, the conduction state of eacn
electrode patternnof the attitude netection device of the
invention, and an electric resistance provided in a circuit
block of the mechanical watch.

Fig. 29 is a representative block diagram showing a
configuration of a circuit for detecting the attitude of
equipment having. the second embodiment of the attitude
detection device of the invention.

Fig. 30 is a giaph schematically showing the rélation
between a mainspring torque and an elapsed timn from a fnlly
wound state of the spring in a mechanical watch.

Fig. 31 is a graph schenatically showing the relation
between a mainspring torque and a deflection angle of the
balance in a mechanical watch.

Fig. 32 is a graph schematically showing the relation
between a deflection an.gle of the balance and an instantaneous

watch error in the mechanical watch.
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Fig. 33 is a graph schematically showing the relation
between an ihstantane_ous watch error (in a horizontal attitude
and a vertical attitude) and an elapsed time from a fully wound

state of the spring in a mechanical watch.

Best Mode for Carrying'Out the Invention

Now , embodiments of the attitude detection device of this
inv.ention will be describéd by referring to the accompanying
drawings. |
| (1)  First Embodiment of Attitude Detection Device of
the Invention |

Next, the comstruction of the firét embodimsent of the
attitude detection device of tﬁe invention will be explained.

'Referring to Figé 6 to 8, the attitude detection device
510 has an almost cubicle-shaped case 516a. The case 510a
includes a top wall 511, four side walls 512, 513, 514, 515,
and a bottom wall 516. |

The 'éase of the attitude detection .‘device of this
invention is preferably sﬁabed almost cubj.cle, but it may have
other hexahédral shapes such as rectangular par.all.elepiped.

The case 510a is forméd of plasticé such as polyimide,
glass epoxy boards and insuiating materials such as quartz.

| In the case 510a, thé tob wall '51I1 crosses each of the

side walls 512, 5.13 ' 514_ , 515 perpendicularly.

The bottom ﬁall 516 crosses each of the side walls 512,
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513;_514, 515 perpendicularly.

'i'he side wall 512 crosses the side wall 513 and the side
wall 515 perpendicularly. o

The side wall 514 crosses the side wail 513 and the side
wall 515 pérpehdicularly.

Referring to Fig. 8, an electrode Al is provided over
~almost the entire inner surface of the top wall 511. An
electrode A2 is forﬁed'over almoét the entire inner surface
of thé side wall 512. An electrode A3 is provided over almost
the entire inner surface of the side'wall 513." Aﬁ electrode
A4 is provided over almost the entire inner éurface of the _side
wall 514. An electrode A5 is provided.dver almost the entire
inner sﬁrfacé of the sidewall 515. An electrode A6 is provided
ovér almost the entire inner surface of the bottom wall 516.

Although in Fig. 8 the electrode A2, the electrode A5
and the electrode A6 are shown'taken-apart from the case 510a
to facilitate thé explanation, . the electrodes Al, A2, A3, A4,
.A5 and A6 are arrangéd to form'§irtua11y a 6ube. These
electrodes Ai, A2, ‘A3, A4, A5, A6 are arranged with a'space_
therebetween. That is, the_glectrodes.Al, A2, A3, A4, A5, A6
are insulated from oné another.

TheelectrbdesAl-AGarepreferab;yshapedaimostsquare.
It is also preferréd that the shapes of these electrodes A1-A6
Be formed nearly equal to one another.

In Fig. 8, a gravity center G of the cube of the case

13



510a is defined as an origin of a coordinate system. An X axis
is defined as a dirécﬁion'perpendicular to the electrode A4;“
The positive direction of the X axié is.defin.ed as a direction
extending perpendicular to the elecfrode A4 from the graﬁity
center G toward the outéide of the case 510a.
| A Y axis is defined as a direcﬁion perpendicular to the
electrode A3. The positive direction of the Y axis is defined
as a dii‘eéti'on extend’ihg perpendicular to the electrode A3 from
the gravity center G toward the outside of the casé.510a.
'A.Z-axis is defined as'a direction perpendicﬁlar_to the
electrode éxl . The positive direction of the Z axis is defined
as a direction extending perpendicular to the electrode Al from
the gravity center G toward the outside of the case 510a.
Referring tb'Fig. 6, an electrode lead wire 521 is
connected to the electrode Al.. A eiectrode lead wirg 522 is
'connécted to the electrode A2. An electrode 1ead'wire 523 is
~connected to the electrode.A3. An eleétrode lead wire 524 is
_ connected to the_electrodé A4.l An electrodg lead wire 525 is
cbnnected to the electrode.Aé. An electiode_lead wire 526 is
cohnected.to the electrode A6. |
_Referring .to Fig. 7, a gondudtive fluid 530 is
~accommodated in the case 510a. The conductive fluid‘53Q is
mercury, for examplé. The volume of the conductive -fiuid 530
| is, in the case of Fig. 7_, 1/48 that of the case 510a but should

preferably be 1/6 to 1/48 the volume of the case 510a.
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In the staté of Fig. 7, the conductive fluid 530 is lin
contact with the electrode A2, the electrode A3, the electrode
A4, the electi:‘ode AS and the electrode A6, buj: is out of contact
with the electrode Al. Hence, in the state of Fig. 7 the
electrode A;Z ¢ the electrode A3 , the electrode 24, -the electrode
A5 and the electrode A6 are shorted by the conductive fluid

530 (that is, they are electrically connected to one another).

(2) Terminologies for Mechanical Watch

Next, terminologies in the mechanical watch will be
explained. '. |

Generally, a side of | the main plate on which a dial is
mounted is réferre’d to as a "back side” 'of the movement and
another side opposite the dial side is referred to as a "front
side" of the movement. A wheel train. assembled on the "front
side" of the mbvemént is called a "front wheel train" and a
wheel train assembled on the "back side" of the movement is
called a "back wheel train”. |

A state in which the dial side of the main plate faces

upward is called an "inverted horizontal attitude" and a state
. in which the dial side faces downward is called a "horizontal
attiﬁude".

Furf;her, a state in which the dial is dispose_d vertically
is called a "vertical attitude"; a state in which a 12~hour

marking on the dial is disposed vertically upward is called
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a" iz-hour up. (120) 'attitu.de"'; a state in which a 3-hour marking
on thel dial is disposed vert'ically'upward'is calleci a "3-hour
up (3Uj_'-attitude"; 'a state in which a G-hoﬁr marking on the
dial is disposed vertically upward ié called a ."6-h-our up (6U)
attitude"; and a state in which a 9-hour marking on the dial
is disposed vertically upward is called a "9-hour up (9U)

attitude."

(3) Train Wheel ' .Escapement/Governor, and Selector

Referring to E_‘igs .-1land 2-,' in the mechanical watch having
the attitude detection device of this invention; a movement
(moving mechariism) 500 of the me'chanical watch has a main plate
102 that forms a base plate of the movement. A hand setting
stem 110 .is rotatably fj.tted in a stem guide hole 102a of the
main plate 102. A dial 104 (shown by an imaginary line in Fig.
2) is mounted to the movément 500.

The hand setting stem 110 has an angled portion and a.
guide shank. A clutch #Jheel (not shown) is fitted over the
angled portion of the hand setting stem 110. The clutch whéel
has the séme rotation axis as the hand setting stem 110. That
is, the clutch wheel has an angled hole, which 1s fitted over
the angled portion of the hand settlng stem 110 so that the
clutch wheel is rotated as the hand setting stem 110 turns.
The clutch wheel has a first gear and a second gear, the first

- gear being:provided at one end of the clutch wheel near the -
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center of the movement, the secoqd wheel at the other end of
the clutch wheel near the outer side of the movement.

The movement 500 has a switching device for determining
the position of the axis direction of the hand setting stem
- 110. The switching device inc.ludes a sétti‘ng lever 190, a yoke |
192, a yoke spring 194, and a setting 1evér jumper 196.
According to the rotation of the setting'lever,'the axial
~position of the hand setting stem 110 is determined. Based
on the rotation of the yoke, the axial positibn of the clutch .
wheel is determined. Basedontherbtatipnofthesetting1ever,
ﬁhe-yoke.is positioned at two rotary positions.

-A.winding pinion 112 is rotatably mounted onlthe guide
shank of the hand setting stem 110. When the h.and setting stem
110 is rotated when it is located at a first stem position (0th
stage) nearest the inner side of the movement along its rlotation
"axis direction, the winding pinion 112 is rotated througp'the
clutch wheel. A crown wheel 114 is rotated by the rotation
of the winding pinion 112. A ratchet wheel 116 is rotated by
the rotation of the crown wheel 114. |

The movement 500 is driven by a_COiled mainspring 122
accommodated in a barrel 120. The mainsPring 122 is made of
an elasticmaterial havinga spring characteristic suchas iron.
.Th.e mainspring 122 can be wound u§ by rotating the ratchet wheel
116.

A center wheel & pinion 124 is rotated by the rotation
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of the barrel 120.. A third wheel & pinien 126 is rotated by
- the rotation of the center wheel & pinion 124. A fourth wheel
& pinion 128 is rotated by the rotation of the third'wheel &
pinion 126. A escape wheel & pinion 130 is rotated by the
rotation of the fourth wheel & pinion 128. The barrelulzo,
the center wheel & pinion 124, the third wheel.&-pinion 126,
‘and the feurﬁn wheel & pinion 128 forms a front train.
| The: movement 500 has an esdapenent/governor for
controlling the retation of the front train. '.The
escepement/governor includes a balance 140 wh:i,ch repeats left
and right rotetions in a predetermined cycle, an eécape wheel
& pinion 130 that is rotated by the rotation of .the 'front. train, :
and a pallet 142 thet controls the rotation of the escape wheel
& pinion 130 eccording tonthe operation of the balance 140.
The balan’ce 140 includes a balance staff 140a, a balance
wheel 140b, and a hairspring 140c. The hairspring 140c is made
of an.elaetic material having'e spring characteristic, such
as "eiinvar.“ Thaﬁlis, the hairspring 140c is made of a
conductive metallic material,
As the center wheel & pinion 124 rotates, a cannon pinion
150 also rotates at the same tine. A minute hand 152 meunted
to the cannon pinion 150 is arranged to indicate "minutes."
The cannon pinion 150 is previded.with“a slip mechanism that
has a predetermined elip torque with respect to the center wheel

& pinion 124.
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As the"cannoﬁ,piﬁion 150,r0tatés, a minute wheel (not
shown) is rotated.' As the minute wheel rotatés, an hour wheel
'rotayes. An hour hand 156 ié arrangéd to indicate_"hours.“

The barrel 120 is sﬁppofted rotatable with respect to
the main plate 102 and a barrel bridge 160.' The'cénter wheel
~ & pinion 124, the third wheel & pinion 126, the fourth wheel
& pinion 128 and the escape:wheel & pinion.130 are supported
1o that tfley can rotate relative to the main plate 102_ and the
train wheel bridge 162. The pallet 142 is suppbrted.so aé to
Ee rotatai:le relative to the main plate 102 and a pallet bridgle
142. -

The balance 146 is supported so as ﬁo be rotatablé
~ relative to the main plate 102 and a balance bridge 166. That
| is, an upper tenon 140al of the balange staff 140a is supported
rotatable by a balance upper bush 166a secured to the balanéé |
bridge 166. The balance upper bush 166a includes a balance
upper hoie.jewel and a balance upper cap jewel. The baiance
upper hole jewel‘and the balanceluppef cap jewel are made of
an insulating material sucﬁlas ruby.

A lower tenon 140a2 of the baiance staff 140a is supported
rotatable by a balance lower bush 102b secured to fhe main plate
102. The balance lower bush 102b includes a balance lower hole’
jewéi and a bélance lower cap 5éwé1."The.ba1ance lower hole
jewel and the balance lower cap jewel are made of an insulating

material such as ruby.
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~ The hairspring 140c¢ is a spiral thin leaf spring coiled
in é'plura’lity cf turns.. The inner end of the hairspring 140c
is_fixed to a hairspring holder 140d secured to the balance
staff 140a and the outer end of the hairspring' 140c is secured
by a screw to a stud 170a mounted on a stud support 170 rotatably
secured to the balance bridge. i66. The balance bridge 166 is

" made of a conductive metal such as brass.

(4) Switch Mechanism of lMechanical ﬁatch Having
Attitude Detection Device of the Invention

Next, ‘the switch mechanism of the mechanical watch ha‘vinc
the attitude detection device ‘of this invent:i.on will be
- explained. |

Referring to Figs.. 1to4, aswitch iewfer 168 is rotatably
mounted on tne balance bridge 166 . Afirst ccntect member 168a
and a second contact member 168b are provided to the switch
lever 163. The switch lever 168 is attached to the balance
bridge 166 so that it is rotatable about the rotating center
of the balance 140. The switch lever 168 is made of a plastic
insulating material such as polycarbonate. The first contect
member 168a and the second contact member 168b are made of a
conductiv_e metal_ such as brass. A portion of the hairspring
140c near its outer end is situated between the .'first contact
_member 168a and the second contact member 168b.

Coils 180, 180a, 180b, 180c mounted on the front surface

20



of the main plate 102 so that they face the main plate side
of the balance wheel 140b. The number of coils is four, for
example, as shown in Figs. 1 and but may also be 1, 2, 6r 3.

A balance magnet 140e is attached to the méin piate side
of the balance wheel 140b so that it facés'tt;e front side of
the inain p\1ate' 102; |

As shown in Figs. 1 and 3, the circumferential intervals
of a p-llural:ity of coils are prefe;ably an integer times the
circumferential interval between the S and N poles of the
balance magnet 140e faéiné the coils. Not all the coils need
to be arranged at the same.intervals in 'the 'circumferential
_|direction. Furthér, in configurations where a pluralii:y of ]
coils are provided, it is desired that wires between the coils
be connected in series so as not to caricel the current generated
in éach coil by electromagnetic indu.ction. Alternatively, the
wires between the coils may be connected in parallel in such
a manner that will no{: cancel the currents generated in these
coils by electromagnetic induction.

Referring to Fig. 5, th_é balance magnet 140e is shaped
_ like a ring and has 1.2' magnet portions, eacﬁ having vertically’
polarized S bole 140s1-140s12 'and N pole 140n1-140n12, with
S and N poles alternated in the circumferential. direction. The
number of magnet portions arranged in a ring pattern in the
balance magnet 140e is 12 in the case of Fi'g. 5, but needs only

to be two or more. It is preferred that the length of one magnet
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portion be almost equal to the outer diaméter of one coil facing
that magnet portion. |

Referriﬁg to Figs. 2 and 4, a gap is provided between
:the balance magnet 140e and the cbils 180, 180a, iSOb, 180c.
The gap between the balance magnet 140e and the coils 180, 180a,
'180b, 180c is determined so that the magnetic force of the
balance magnet 140e can afféct the coils 180, 180a, 180b, 180c
‘when the coils 180, 180a, iBOb, 180c are conducting.

" When fhe coils 180, 180a, 180b, 180c are not conducting,_”
the magnetic force of the balance magnet 140e does not influence
thé coils 180, 180a, 180b, 180c. The balance magnet 140e is
secured,.as by bonding, io the main ﬁlate-sidehof the bélance
wheel 140b, with one of its sides placed in cbntact with a
- ring-shaped rim portion of the balance wheel 140b and the other
side fading the front side 6f the main plate 102.

Although in Fig. 4 the hairspring 140c is shoﬁn
exaggerated in terms of its thickness (in the radial d.irection
of the‘ balance), it is in fact 0.021 mm thick for example. The
balance magnet 140e is about 9 mm in outer diameter, abouf 7.
mm in inner.diameter and about 1 mm in thickness, and has a
residual flux density of approximately 1 tesla.  The coils 180,
180a, 180b,l1800 each have 1000 turns, for examplé, and their
coilwirediameteriéabout25nﬁcrometers. The gap STC between
Fhe_balance magnét 140e and the coils 180, 180a, 180b, 180c

is about 0.4 mm for example.
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(5.) Attitude Detection Device and Circuit Block

Next, in th-é embodiment of the mechaniclal watch ha‘iirig
the éttitude- deﬁeétion device of the ihvention ‘ explénétions
will be made of the attitude detection device 510 and a circuit
block 520.' |

ﬁeferring to Figs. 1 to 4, the attiﬁude detection device
| 510 and the circuit block 520 are arran.ged on the front side
of the inain plate 102. The attii:ude détection device 510 is
mounted oh’ the ciréuit block 520. The circﬁit_ biock 520 has
a plurality of lead terminals.

In the embodiment of the me‘chanicai watch having the
attitude ,detectiqn device of the inventiop, the attitude
detection device 510 is argfanged on the main piate 102 such
thét the X and Y axes are parallel to the surface of the main
plate 102 and alslo to the surface of the dia]T 104. Hence; \the :
attitude det?ection device 510 on the main plate 102 has its
Z axis directed perpendicular to thé surféce of the-méi_n plate
102 and also to the surface of the dial 104.

A first lead wire 182 is arranged to connect one end of
the cqii 180 to a first lead terminal (not shown) of the circuit |
~ block 520. The othef end of the coil 180 is connected to one'-
end of the coil 180a. ' The 6ther end of the coil 180a is
cc.)n.nected to one end of the coil 180b. .The other end of the

coil 180b is connected to 'on_'e end of the coil 180c. "I'hat is,
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 the four.coils 180, 180a, 180b, 180c are connected in series.

A second lead wire 184 is a_rranged to. connect the other
end of the coil 180c to a second lead terminal (not 'showri) of
the. circuii.:.block 520. A third lead wire 186 is arranged to
- connect the stud support 170 to a third lead terminai (not
shown) of the circuit block 520. A fourth lead wire 188 is
arranged to connect the first contact member 168a and t_he second
cdntact member 168b to the fourth lead termina-l (not shown)
of the circuit:block 520. -

Fig. 9 showé the state of fhe af;titude det.ection device
510 when the mechanical watch having the attit'—ude.detection
device of this invention takes the "horizontal attitude.” In
the state shown in Fig. 9, the conductive fluid 530 shorts the
'.eleci;__rode A2, electrode A3, ele_étrbde A4, electrode AS and
' electrode A6 (that is, they aie all eiectrically ¢onr_1ected) .

Referring to Fig. 10',- wheri the electrodes A2 ,. A3, A4,
A5, A6 in the state of Fig. 9 a:_:‘é all electrically connected
to one another; the circuit .block 520 forms a first pattern
l531 connecting a resistance Rl in series with the electrodes-.
AZ,_ A3, A4, AS, A6. In the state of Flg 9, the first pattern
531 connects the resistance Rl in series with the four coils
180, 180a, 180b, 180c.

Fig. 1-1‘ shows the state of the attitude detection device
510 when the mechanical ‘watch with the attitude detection

device of this invention is arranged to have the dial inclined
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45 degrees to the horizontal plane. 1In this state of Fig. 9,
the conductive fluid 530 short—c:.rcuits the electrodes A2 A3,
A4, A6 (i.e., these electrodes are electrically connected to
one another). |

Referring to Fig. 12, when the electrodes A2, A3, A4,
A6 in the state of Fig. 11 dre electrically connected to one
'another, the circuit block 520_forms a second pattern 532
connecting a resisténcé R2 in series with the electrodes A2,
A3, A4, A6. In the state of Fig. 11, the second pattern 532
connects the resistance R2 in series with the four coils 180,
'180a, 180b, 1500.

Fig. 13 shows anothef state of the attitude detection.
device 510 when the mechanicél watch with the attitude
detéction device of this invention is arrahged to have the dial
inclined 45 degrees to the horiéontal plane but in a state
different from that shown in Fig. 11. In.the state of Fig.
13, the conductive fluid 530 short-circuits the electrodes A2,
A3, A6 (i.e., these electrodes are electrically connected to
one another).

Referring to Fig. 14, when the éiectrodes A3, A3, A6 in
thé state of Fig. 13 are electrically connected to one anoi:her,
the circuit block 520 forms a third pattern 533 connecting a
resistance R3.in serieé with the electrodes A2, A3, A6. In'
‘the state of Fig; 13, the third pattern 533 connects the

resistance R3 in series with the four coils 180, 180a, 180D,
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180c.

Fig. 15 shows the relation between a variety of electrode
patterns in conduction and the resistance ﬁrovided in the.
circuit, in the first embodiment of the attitude detection
device of_the'inventién. |

In Fig. 15, the rotation angle about the X laxis is taken
as o, and the rotation angle about the Y axis as f. At this
time the rotation angle about the Z axis is arbitraryr

-Itﬁshould be noted that, for éach attitude value shown
in Fig. 15, the attitude state detected varies depending on
thg amount of the conduciive fluid.

In Fig. 15, Ai, AZ,IAB; Ai, A5 and A6 represent the
electrode A2, electrodé A3, electrode A4, electrode A5 and

~electrode A6, respectiveiy. “ON" means that the associated
electrode is electrically conducting to other "ON" electrodes.
"OFF" means that the associated electrode is not electrically
conducting to any other electrodes.

.(Attitude-State 1)

An attitude state 1 shown in Fig. 15 corrésponds tb a
case where the mechanical watch with the attitude detection
device of this invention is in the "horizontal attitud_e. " The
attitude state 1 falls in a range wheré the a is_between -

7 degreés and +7 degrees and the § is befween‘-7 degrees and
+7 degrees. |

In this attitude state 1, the circuit block 520 is
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arranged to electrically connect the electrodes A2, A3, A4,
A5 and A6 together and connect the resistance Rl in series with
the electrodes A2, A3, A4, A5 and A6. In this attitude state
1, the first pattern 531 ‘connects the resistance Rl in series
with the four coils 180, 180a, 180b, 180c. The value of the
resistance Rl at this time is taken as a referencé value Rref
(obm). |

For example, when a combined resistance value of the four
coils.180, 180a, 180b, 180c is 1.7 kilo-ohms, the reference
value Rref is 1.2 kilo-ohms. | | |

i.(Attitude State 2)

- The attitude state 2 shown in Fig. 15 corresponds to a
case wh_ere the mechanical watch with the attitude detegtion-
device of thi's invention is in the "9-hour up (9U) att:'i.tude“'.
The éttitude state 2 falls in a range where j:he a is between

-7 degrees and +7 degrees and the ﬁ is between +83 degrees and

+97 degrees.
In the attitude state 2 , the circuit:block 520 i_s-arranged _
to electric_ally connect the electrodes Al, A3, A4, AS and A6
together and connect fhe resistance RZ (not shown) in series
" with the electrodes Al, A3, A4, A5 and A6. In this attitude
state 2, the resistance R2 is connected in series fﬂith the four |
coils 180, 180a, 180b, 180c. The value of the resistance R2
at this time is 3.48 times the reference value Rref (ohm) (i.e.,

3.48 x Rref).
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(Attitude State 3)
The attitude state 3 shown in Fig. 15 corresponds to a

case where the mechanical watch with the attitude detection

device of this invention is in the "12-hour up (12U) attitude".

The attitude state 3 falls in a range where the o is between .

+83 degrees and +97 degrees and the § is bet_ween -7 degrees

~and +7 degrees.

.Inthe attitude state 3, the circuit block 520 is arranged
to electrically.' connect the eiectfodes Al, A2, A4, A5 and A6
together and connect the résistance R2 (not shown) in series |
with the electrodes Al, A2, A4, A5 and A6. In this attitude

state 3, the resistance R2 is connected in series with the four

coils 180, 180a, 180b, 180c. The value of the r_esisi:ance R2

at this time is 3.48 _tim'es the reference value Rref (ohm) (i.e.,
3.48 x Rref).
(Attitude State 4)

The attitude state 4 shown in Fig. 15 corresponds to a

case where the mechanical watch with the attitude detection

device of the invention is in the "3-hour up (3U) attitude".

The attitude state 4 falls in a range where the a is between

- =7 degrees and +7 degrees and the g is between -83 degrees and -

f97 degrees.
" Inthe attitude state 4, the circuit block 520 is arranged

to electrically cdn_nect the electrodes Al, A2, A3, A5 and A6

'together and connect the resistance R2 (not shown) in series
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with the electrodes Al, A2, A3; A5 and A6. In this attitude
_state 4, the resistance R2 is connected in series with the fou.r
coils 180, 180a; 180b, 180c;' The value of the resistance'RZI
atthistimeis3.48timesthereferencevalueRref(ohn)(i.é.,
3.48 x Rref). . |

(A;titudé'Stéte 5)

The attitude state 5 shown in Figqg. 15 éorresponds to a
case where the méchanical watch with the attitude detection
.device of this invention is in the "6-<hour up (6U) attitude”.
The attitude state 5 falls in a range where the a is between
-83 degrées and +97 degrees and the f is between -7 degrees
and +7 degrees. | |

Intheattitudestate5,thecircuitblock520isarranged
to electrically connect thé'electrodes Al, A2, A3, A4 and A6
together and donnect the resistance. R2 (not shown) in series _
with the electrodes Al, A2, A3, A4 and A6. In this attitude
state 5, the resistance R2 is connected in series with the four
coils 180, 1803, 180b, 180c. The value of the resistance R2
.atthistimeis3.48timesthereferencevalueRref(ohm)(i.e.,
3.48 n Rref). |

 (Attitude State 6)

The aﬁtitnde state 6 shown in Fig. 15 corrésponds to a
.case where the mechanical watch with the attitude detection
device of this invention is in the "inverted horizontal

attitude“. The attitude state 6 falls in a range where the
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o is between +173 degrees and +187 degrees and the § is between
-7 degrees and +7 degrees. .'

Inthe attitude state 6, the circuit block 520 is arranged
to electrically connect the electrodes Al, A2, A3, A4 and A5
together ;'md connect the resistance R2 (not .s_h'own) in series |
with the electrodes Al, A2, A3, A4 and A5. In this attitude
state 6 , the resistance R2 is connected in series with the four
coils 180, 180a, 180b, 180c. Thé value of the resistancé R2’
ét this time is 3.48 tijnés the reference value Rref (ohm) (i.e.,
3.48 x Rref). |

‘(Attitude States 7-18)

The attitude-states 7-18 shown in Fig. 15l cofrespond to
éaées where the mechanical Watch with the attitude detection
device of this inventioﬁ is neither in the "horizontal
attitude" .or "inverted horizontal attitude" or "vertical
attitude". | |
| 'The attitude state 7 falls in a range where the a is
between -7 degrees and -83 degrees and the B is between -7
degrees and +7 degrees.

In the attitude state 7, the circuit block 520 is arranged
to electrically connect the. elecfrode Az; A3, lA4 and A6
together and connect the resistance R3 (not showri) in series
| with the electrodes A2, A3, A4 an& A6. In this attitude state
7, the resistance R3 is connected in series with the four coils

180, 180a, 180b, 180c. The value of the resiStance R3 at this
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time is 1.83 timés the reference value Rref (ohm) (i.e., 1.83
X Rref); | | |

Similarly, in the attitude states 8-18 shown in Fig. 15,
the resistance R3 is connected in series with. the four coils
180, 180a, 180b, 180c.

(Attltude States 19-26)

The att:.tude ‘states 19-26 shown in Flg. 15 correspond
to cases where the mechanlcal watch with the attitude detect:Lon
device of this invention has its dial in a vertlcal position.

The attitude statle 19 falls in a range wheré the o is

between -7 degrees and -83 degrees and the B is between -7

degrees and -83 degrees.

lIn the attitude state 19, the éircuit block 520 is
-arranged to electrically cbnneé't the electrodes A2, AB and A6
together and connéct the resistance R2 (not shown) in series
with the eléctrodes A2, A3 and A6. In this attitude state 19,
the resistance R2 is connected in series with the four coils
180, 180a, 180b, 180c. The value of the resistar___xce R2 at this
time is 3.48 times the reference Valué Rref (ohm) (i.e., 3.48 ‘.
x Rref). |

SJ.mJ.larly, in the att:l.tude states 20-26 shown in F:Lg.
15, the resistance R2 is connected in series with the four coils
180, 180a, 180b, 180c.

The resistance reference value Rref is determined by

considering a braking force of the balance 140 described later
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which restricts the rotation of the balance 140. The
resistance reference value Rref may be determined either by

calculation or by experiment.

(6)' Second Embodiment of Attitude Detection Device of
the Invention

Next the cohstruction'of the second embodiment of the
attitude detection device of the invention will be described.

Referririg to Fig. 19, an attitude detection device 550
has an almost cubicle-~shaped case 550a. The case 550a includes
a tap walll 551, four side walls 552, 553, 554, 555 and a bottom
wall 556.

The case 550a is formed of plastics such as polyimide,
glass epoxy boards and insulating materials such as’ qu.artz.'

| In the case 550a, 't.he top wall 55.1 crosses each of the

side walls 552, 553, 554, 555'perpendicularly.

The bottom wall 556 crosses each of the side walls 552,
553, 554, 555 perpendlcularly.

| The side wall 552 crosses the side wall 553 and the side

wall 555 perpendlcularly.

The side wall 554 crosses the side wall 553 and the side
wall 555 perpendicularly.

Referrn;-ng to Fig. 20, four electrodes All, Al2, Al3, Al4
are provided on the inner surface of the top wall 551. The

four electrodes all, Al2, Al13, Al4 have square shapes of almost
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the same size and are inéulated from one ‘another.’

Four electrodes A21, A22, A23, A24 are provided on the
inner surface of the side Iwalil. 552. The four electrodes A21,
A22, A23, A24 have square shapes of almost the 'same size and
are insulated from one anothér. _

Four electrodés A31, A32, _A33, A34 are provided on the
inner surface of the side wail 553. The four electrodes A3l,
A32, A33, A34 have square shapes of almost the same size and

are insulated from one another.

Four electrodes A4l, A42, A43, A44 are provided on the.
‘inner surface of the side wall 554. The fou'r.elect'r'odes Ad1l,

A42, A43, A44 have square shapes of almost the same size and-

are insulated from one another.

Four electrodes A51, A52, A53, A54 are prbv'ided on the

inner surface of the side wall 554. The four electrodes A51,

A52, A53, A54 have almost square shapes and are insulated from
one another.

| Four electrodes A61, _A62,. A63, A64 are provided. on the
inner surface of the bottomwall 556. The four electrodes A61,l
A62, A63, A64 have square.shapés of almost the same size and

are insulated from one another.

Although Fig. 20 shows the electrodes A21-A24, .

electrodes A51-A54 and e]_.éctrodes A61-A64 to be separated from
the case 550a to facilitate the explaination, they are in fact

arranged to form an almost cubicle body. These electrodes are
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arranged at intervals,-i.e., insulated from one another.
| These electrodes All—A64 -are breferably formed
identical.

In Fig. 20, a gravity center G of the cubicle case 550a
is defined to be an origin of a codrdinate Syétem,-as in the
case of Eig.ls. The X axis and the positive direction of the
X‘axis, fhe i axis and the positive direction of the Y axis,
énd.the Z axis and the positive direction of the Z akis are
also defined in the same manner as in Fig. 8.

In the embodiment of the mechanical watch ha&ing the
attitude detection device of this invention, the attitude
detection device 550 is arranged on the main plate 102 such
that the X and Y axes are parallel to the surface of'the main
: plate.102 and also to the surface of the dial 104. Hence, the
‘attitude detectién device 516 on the main plate 102 has its
Z axis directed perpendicular to the surface of the main plate'
102 and to the surfaée'of the dial 104.

Referring to Fig. 19, the electrode lead wires 560 are
connected to respective electrodes.

Referring to Fig. 21, a conductive fluid 570 is
accommodated in the case 550a. The conductive fluid 570 is
mercury for example. The volume of the conductive fluid 570
is, in the case of Fig. 21, 1/48 that of the case 550a but should
préferably be 1/48 to 1/348 the volume of the case 550a.

Fig. 21 shows the state of the attitude detection device.
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550 when_tﬁe mechanical watch with the attitude detection
deﬁice of this invention is set in the "horizontal attitude."
In the state shown in Fig. 21, the conductive fluid 576 is in
contact with the electrodes A23, A24, A33, A34, A43, A44, A53,
A54, A61, A62, A63 and A64 but not with other electrodes. Hence,
inthestateofFig.21,theconductivefluid570short-circuits-
. the electrodes A23, A24, A33, A34, A43, A44, A53, A54, A6l,
lA62 s A63 and A64 (i.e., electrically connected to oné another).
| -R.eferring to Fig. 22, when the electrodes A23, A24, A33,
A34, M43, A44, AS3, A54, A61, A62, A63 and A64 in the state
of Fig. 21 are éll electrically connected to.one another, the
circuit block 580 forms a first pattérn 581 connecting a
resistance Rl in series with these elecﬁrodés, In the state
- of Fig. 22, the firét pattefn 581 connects the resistance R1
in'series'with the four coils 180, 180a, 180b, 180c.
Fig. 23 shows the state of the att_itude detection device
. 550 when the mechanical watch with the attitude detection
device of the invention is arranged.to have the dial inclined
45 degrees to the horizontal planél. In this state of Fig. 23,
the conductive fluid 570 short-circuits the electrodes A23,
A33, A34, A43, A6l, A62 (i.e., these electrodes are
; electrically cgnnected to one.anther).
Referring to Fig. 24, when the electfodes A23, A33, A34,
A43, A61 , A62 in the state of'Fig. 23 are eléctrically connected

to one another, the circuit block 580 forms a second pattérn
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582 connecting a resistance R2 in series with these electrodes.
In the state of Fig. 23, the second pattern 582 connects the
resistance R2 in series w:.th the four COllS 180 180a, 180b,
180c.

Fig. 25 shows another state of the attitude detection
device 550 when 'lthe mechanical watch with the attitude
detection device of this inve'ntion.is arranged to have the dial
inclined 45 degrees to the horizontal plane but in e state
different from that shown in Fig. 23. In the state of Fig.
25, the cond_uctive 'f_luid 570 short-circuits the electrodes A23,
A33 and A61 (i.e., these electrodes are electrically connected
to one another).

Referring to Fig. 26, when the electrodes A23, A33, A61
in t_he state of Fig. 25 are electrically connected to one
another, the circﬁit block 580 forms a third pa,ttei:n 583
© connecting 'e resistance R3 J.n series with these electrodes.
In- the state of Fig. 25, the third pattern 583 connects the
resistance R3 in series with the four coils 180, 186a, 180b,
180c.

For this attitude detection device 550 of the secofid
-embodiment of the 'invention, a table can be generated .which,
like the one shown in Fig. 15, shows the relation between the
conducting state of each of various electrode patterns. and the
resistance provided in the circuit block.

That is, in the second embodiment of the attitude
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detection device of thé invention arranged in a variety of
attitudes, the wiring and the resistance in the circuit block -
can be determined by pérfor‘ming calculation as in the table
of Fig. 15 or by conducting,experiment.s'.

Referring to F"ig. 28, an attitude state 1 corresponds
toa c_aée where the mechanical watch with the attitude detection
device of this 'inventioﬂ is in the "horizontal attitude." The
éttitude. state 1 falls in a range where the o is between -
2.5 degrees and +l2.;5 degrees and the f is between -2.5 degrees
and +2.5 degrees..

In this attitude state 1, the electrodes A23, A24, 333,
A34, A43, A44, A53, A54, A6l, A62, A63, A64 are conducting to
one another and the resistance Rl is conﬁected ih series with
these electrodes. 1In this attitude state 1, the first pattern
581 connects the resistance Rl in series with the four cqils
180, 180a, 180b, ‘1800._ The value of the resistance Rl at this
time is taken as a reference value Rref (ohm).

For .example, when é combined resistance value of the four
coils 180, 180a,. 180b, 180c ié 1.7 kilo-ohms, the reference
valué Rref is 1.2 kilo-ohms.

The attitude state 2 in Fig. 28 correspon&s to a case
where the a is between -4 .'5 degrées_ énd +85.5 degrees and the.
B is between -14 degrees and +14 degrees.

In this attitude state 2, the electrodes A23, A33, A34,.

A43, A61, A62 are conducting to one another and the resistance
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R2 is connected in series with thesé eiectrodes. ‘In this
attitude state 2, the second pattern 582 'éonnects the
resistance R2 in series with the four coils 180, 180a, 180b,
'1806._

The.attitudé state 3 in Fig. 28 corresponds to a case
where the o is appioximately 45 degrees and the B is between
about 45 degrees.

'In this attitude state 3, the electrodes.A23; A33, A6l
are conducting to one another and the resistance 33 is.connected
in sefies with these electroées. In this attitude state-3,
the third pattern 583 connécts the res isténce R3 in séries with
the four coils 180, 180a, 180b, 180c.
| The-rel;?ttion between the electrode conduction state and
the resistance can be determined for a variety of attitude
states in a way similar to that of Fig. 15'(Fig.'28 does not
list all the possible cases). It is noted that, for each
attitude value shown iﬁ Fig. 28, the attitude state detected
varies dépending"on.the amount of thg conductive fluid.

Fig. 29 shows a representative block diagram showing a
configuration of a ciréuit for detecting the attitude of |
-'equipmént having the second embodiment of thé attitude
-détection-device of the inVentibn. _

Referring' to Figq. 29,. the electrodes All-A64 are
connected through individual lead wires (not shoWn) to a signal

input unit 591.
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The signal input unit 592 checks ﬁhich of these
electrodes A11—A64 are electrically conne‘cfed to each other.
| - An attitude state memory unit 592 stores information on
the relation Between the conduction'states of the elec_:trodes _
Al11-A61 and the attitudes ‘taken by the attitude detection
device.

The attitude check unit 592 receives a signal output from
the si'gnal input unit 591 and, by uéing the attitude information
stored' :i.n_ the attitude state memory unit '592, determines the
attitude of the atfitude détectibn device.

The attitude checks_ concer.n, for example, an angle with
respect to the X axis,' an ang'le with respect to the Y axis,
and an angle with respéct to the Z axis.

| Examples of atyitude check results are whether the angle
with respect to the X axis is larger or smaller than a refére,nce
" value, whether the angle with respect to the Y axis is larger
or smailer than a reference vaiue, and whether the angle with
respect to the 2 éxis_i_s larger or smaJ.ler than a refefence
Qalue. |

| An attitude c_heék result output unit 594 receives a
signal from th_é attitude check unit 592 and ou'tputs. a signal
'representing the attitude of the attitude detection device.

‘An output unit 595 displays the attitude of the attitude

detection device or outputs a signal for controlling the

equipment according to the attitude of the attitude detection
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devicé.

For example, the output unit 595 is preferably a display,
é printer or a light emitting device.

It is also possible to corréct.the attitude of the
- equipment having the attitude detection device according to
the signa1 from the output unit 595 which is intended to be
uséd to con'trollthe equipment based on the attitude of the
attitude dete__ction d.evice. |

The circuit shown in Fig. 29 can also be applied to the
first embodiment of the attitude detection device of the

invention.

(7') . Opeiation of Balance When Coils Are Not Conducting
in. Mechanical Watch Having Attitude Detec;tion Device of the
Invention | | |

Referring to Figsl. 3, 4 and 18, in the mechanical watch
having the attitude detection device of the invention, the
operation of the balance 140 wheh the coils 180, 180a, 180b,
180c are not electrically connected, i.e., when the circuit
is open, wiil be explained. |

The hairspring 140c expands or contracts in its radial
direction according to the roi:‘afion anglle of the balance 140.
In the state of Fig. 3, for example, when the balance 140 rotates
clockwise, fhe hairsprih_g 140c contracts tov}ard the center.of

the balance 140. When on the other hand the balance '140 rotgtes
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countercloclkwiSe, the hairspring 140c 'expands away from the
center of the balance 140.

Hence, in Fig. 4 when the balance 140 rotates clockwise ’
the hairspring 140c appfoaches the second contact member 168b.
When the balance 140 rotates counterclockwise, the hairépring
140c approaches the first contac_t member 1_68_a.,

When the rotation angle (deflection ahgle) of the balance
140 is less than a predetermined th:eshold value, e.g., 180
dégrees, the amount of radial contraction or expansion of the
~hairspring 140c ié small, so that the hairspring 140c does not
contact the first contact member 168a or the second céntact
member 168b.

When the rotation angle (deflection angle) of the blalance'
140 is in excess of the predetermined threshold value, e.g.,
180 degrees, the amount of radial contraction or expansion of
the hairspring 140c becomes large enough so that the hairspring
140c contacts both of the "firsi: contact member 168a and the
' second contact member 168b.

For example, Ia portion 140ct of the hairspring 1'406 near
its outer end is situated in a gap of about 0.04 mm between
the first conta{ct member 168a and the second contact member
'168b. Hence, when the deflection angle of fhe balance 140 is
more than 0 degree and less than 180 degrees, the portion 140ct
of the hairspring 140c near its outer end does.not contact the

first contact member 168a or the second contact member 168b.
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That is, because the external end portion of the hairspring
140c does not contact the first contact member 168a or the
second contact member 168b, the coils 180, 180a, '180b, 180c
do not condﬁct, so that the ,magnetic_ flux of the balance magnet |
140e does not affect the coils 180, 180a, 180b, 180c. As a
result, the deflection angle of the balance 140 is not
attenuated by the balance magnér 140e and the coils 180, 180a,

180b, 180c.

(8) Operation of Balance Wl"l_en Coils Are Conducting in
Mechanical Watch Having Attitude Detection Device of the
~ Invention |

Nert, in the mechanical watch hav_ing the attitude
detection device of the invention, the operation of .th.e balance.
140 when the coils 180, 180a, 180b,.’ 180c are electrically
connécted ,-' i.é. , when the circuit is closed, will.be explained
by referring tb Figs. 16, 17 and 18. Figs. 16 and 17 show a

case in which the déf_lgction angle of thel balance 140 is 180
degrees or more. | |

In Fig. 17 the thicknessﬂ of the hairspring 140c
(thickness in the radial direction of the ba'lance') is shown
exaggerated. |

When the deflecrion angle of the balance 140 exéeeds 180
degrees, thé portion 140ct of the hairspring 140c near its outer

end cdntacts the first contact member 168a 6r the second contact
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member 168b. In this state, the coils 180, 180a, 180b, 180c
conduct, allowing a current ind’ucéd by a change in the mégnetic |
f,lux"bf the balance magnet 140e to exert a rotation restralinin'g
fbr_ce on the balance 140. This applies a braking force to the
.balance 140 to restrain the rotation of the balénce 140 and
thereby reduce its deflection angle. |

Then, when the deflection angle of the balance 140
_decreases to a range between 0 and 180 degrees, the portion
.140ct of thé hairspring 140c near its outer end no longer
contacts the firsf contact'membe; 168a or the second contact
member_168b. Heﬂge; as shown in Figs. 3 and 4, becaﬁse-the
outer end portion of the hairspring 140c does not contact the
first contact member 168a or the second contact member1168b,
't-he coils 180, 180a, 180b, 180c do not conduct, with the result
that the flux of the balance magnet 140e no longer influences
the coils 180, 180a, 180b, 180c.

When the coils 180, 180a;.180b, 180c are connected
togethe;' ’ i.é. ‘ thé circuit j_'.s closed, and when the mecha'nical
watch with the attitude detection devicg'of the inveﬁtion is
"~ in the ﬁhofizontal attitude", the resistance Rl is connected
in series with the four coils 180, 180a, 180b, 180c. In other

words;_the coils 180, 180a, 180b, 180c and the resistancelRl
are conducting; A cu;'rent .j-.nduced by a change in the magnetic
.flux of the balance magnet 140e exefts a rotation restraining

force on the balance 140. That is, a braking force of a
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. magnitude corresponding to the resistance value of Rref (ohm)
is applied to the balance 140 to restrain its rotation and
reduce its deflection angle.

: Whenthecoilslso;180a,180b,1800areccnducting,i.e.,

the circuit is c1osed, and the mechanical watch with the

attituce detection device of the invention is not in the
"horizontal attitude" or "inverted horizontal attitude” or

"vertical attitude“, then the resistance R3 is connected in

series with the four coils 180, 180a, 180b, 180c. The value

of the resistance'R3_at this time is 1.83 times the reference
value Rref (chm) (i.e., 1.83eref).

In this'state, the coils 180, 180a; 180b, 180c and the
resistance R3 are conducting. A current induced by a change
in the magnetic flux of the balance magnet 140e exerts a
rotation restraining force on the balance 140. That is, a
braking force of a magnitude correspondlng to the resistance
value of 1.83xRref (ohm) is applied to the balance 140 to

restrain its rotation and reduce its deflection angle.

By setting the resistance value in thi_s way, the braking.

force applied when the mechanical watch with the attitude

detection device of the 1nventlon is nelther in the "vertlcal

attltude" nor "horlzontal attitude" nor "inverted horizontal -

attitude" is made smaller than a braklng force applied when

~the mechanical watch is in the "horizontal attitude" or

"inverted horizontal attitude". Further, the braking force
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applied when the mechanical watch with the attitude detection
device of the inﬁention is neither in the "vertical attitude"
nor "horizontal attitude" nor "inverted horizontal attitude"
is made larger than a braking force applied when the mechanical
ﬁatch is in the "vertical attitude".
| When the coils 180, 180a, 180b, 180c are conducting, i.e.,
the circuit is élosed, and the mechanical watch with the
attitude detection device of the invention is in the "vertical
attitude", the resistance R2 is connected in series with the
four coils 180, 180a, 180b, 130c. T_ﬁe value of the resistaﬁce
R2 is 3.48 times the,reférencé valie Rref (ohm) (i.e.,
3.48xRref). |

In this state, the coils 180, 180a, 180b, 180c and the
resistance R2 are conducting. A curfent induced by a change
in the magnetic flux of the balance magnet 140e exefts é.
rotation restraining force on thé balance 140. That is, a
braking force of a magnitude corresponding fo the resistance
valﬁe of 3.48xRref (ohm) is applied to the balance 140 to
restrain its rotation and reduce its deflection angie.

.By setting the resistance value in this way, the braking
'force applied when the mechanical watch with the attitude
detection device of the invention is in the "vertical attitude”
is made smaller than a braking force applied when the mechanical
‘watch is ih the "inverse horizontal attitude". |

In the mechanical watch having the attitude detection
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device of this invention with the above configuratién_, it is
possible to control the rotation angle of the balance 140 very
‘accurately acco_rdi.ng to fhe attitude taken by the mechanical
_ watch; | |

As déscribed above, in the mechanical watch in which an
esdapemént/governor- includes a’ balance repeating left and
right rotations, an escape wheel ro_tating according to the
rotation of the front train, and a pallet controlling the
rotaf;i.on of the escape wheel according to the operation of the
balance, the use of the attitude detection device of the
invention allows the rdtatiqn_ angle of the balance to be-
controlled according to various attitudes taken by the
méchanical ﬁatch. ‘Hence, it is possible to .improve the
accuracy of the mechahical watch without i‘educ ing the operating
time.

That is, in thé mechanical watch with the attitude
detection device of the invention, ai:tention is focused on the
correlation between the instantaneous watch error and the
deflection angle to Con{:rql the rotation angle of the balance
éccording to various attitudes of the mechanical watch to keep
the deflection angle constant, therebj suppressingh variations
in the instantaneous watch error f:o reduce fhe amount g'ained.
or lost byl the watch per day.

In the conventional mechanical watch without the

attitude detection device, the deflection angle changes with
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the elapse Qf time according to the relation between the
operating time and the deflection angle. Furt_her , according
to the relation between thé deflection angie and the
instanfaneous watch. error, the instantaneous watch efror
changes with the elapse of time. In addition, the
instantaneous watch error a;so change with'tthe elapse of time
according to the relation between the attitude of thé
mechanical watch and the instantaneous watch error.
Therefoi‘e, in the conventional mechaniéal watch without
the attitude detection device, it is difficult to exhtend the
operating time of the mechanical watch during which a

predetermined precision can be maintained.

(9) Simulation of Instantaneous Watch Error in
Mechanical Watch Having _Attitude lD_etection Devicé of the
Invention |

Next, let us explain about the result of simulation
regarding the instahtaneous watch- error conducted on the
mechanical watch with ﬁhe attitude detection device of this
inVem_:ion developed t6 solve the problems experiénced with the
- conv_eni:ional mechanical watch without the attitude detection
" device.
Referring to Fig; 27, in the mechanical 'watch with the
~attitude détection device of the invention, the instantaneou

watch error of the mechanical watch is first adjusted to a fast
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state, as indicated by markings x and a thin line in.fig. 27.

In the mechanical watch with.the attitude detection device of
.tﬁe invention, when the balance 140 rotates a predetermined
angle or more, the outer end portion of the haitspring 140c
comes into contact with theffirst contact member 168a_er the
second contact member 168b, at which time the-effective length
- of the hairspring 140c is reduced} further advancing-the
~ instantaneous watch erroi.

That is,-insthe meehanical watch with the'attitude
detection device of the inVeation, when the outer end portion
of the_hairspring 140c is out of contact with the first contact_
member 168a and the seeond co.ntact membe_r 168b, the watch error '
is approximately 18 seconds/day (the watch gains about 18
seconds a day) as indicated'by markings X and a thin line in
Fig. 27 when the mains'princ_j is fully wound; The instantaneoﬁs
watch error decreases to about 13 seconds/day {(the watch gaJ.ns
about 13 seconds a day) 20 hours after the mainspring is fully
w’qund ¢ and further down to about -2 seconds /day (it loses about
2 seconds a day) 30 hours from the fully wound state;

In this mechanical watch w1th the attltude detection
dev1ce of the 1nvent10n, if 1t is assumed that the balance
rotation angle control mechanlsm is not operated, when the
outer end portion of the hairspring 140c is in contact with
thefirstcontactmember168aorthesecondcontactmeMber168b,

the watch error with the mainspring fully wound is about 18
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sedonds/day (the watch gains about 18 seconds a day). The
instantaneotis watch error decreases to about 13 'seconds/day
" (the wa-tch.gains 13 second_s‘a day) 20 hours after the méinspring
is fully wound. The instantaneous watch error further
décréases to about -2 seconds/day (the watch loses about 2
seconds a day);30 hours'from the fully wound state. |

On the other hand, in the mechanical watch with fhe
attitude detection device of the invention, if the balance
rotation angle control .mechani'm is operated, the
instantaneous watch error c}aﬁ be maintained at about 5
séconds/day (the watchmaintains a state inwhich it gaihs about
5 seconds a day) while the Ibalance- rotation angle control
mechanism is in operation, i.e. , from the. time the mairispring
is fuliy wound until the operé\ting time passes 27 hours, aé
indicated by black circl.'e markings .and a thick line in Fig.'
27. . "I'he' instantaneous watch error decreas-és to about -2
seconrl:lls/day' (the watch loses about 2 géconds a déy) 30 hours
from the fully wound state. ) |

Further, the mechanical watch with the attitude
detection device of this invention is constructed to conti'bl
the balaﬁce rotation ‘angle according to various attitudes of
“the mechanical watch. Hence, the defleétion angle can be kept
almost constaht in whatevér atﬁitude the.meChanical' watch inay :
take. |

As a result, in the mechanical wat‘c;h'with the attitude
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- ,detection device of the invention, the characteristic
indicated by the black'circle markings and the thick line in
Fig. 27 can be méintained-in any attitude of the mechanical
watch. |

With this invention, a small, highly preciée attitude
detection device can be realized.

Therefore, thé mechanical watch with the attitude
detection device of the invention a:_l.lov}s the deflection angle
of thé balance to be controlled very_effeétively ih whatever
attitude the mechanical watch may take. Hence, the mechanical
watch with the attitude detectibn device of tﬁe invention can
suppfess a change in the instantaneous watch error. Thus, the
operating time from the fully wound state during which the
- instantaneous watch_error is about 0-~5 seconds/day can be
extended, when compared with the conventionél mecha.-nicall watch
= Without the attitude detection device of this invention which .
is indicated by black square markings and a thick 1iné;

Thét is; the mechanical watch with the af.-titude detection
device of the invention has approximétely_32 hours of operating
time with the instantaneous watch error of less than about =5
seconds/day. This operating fime ig about 1.45 times the
. operating time of about 22 hours in which the instantaheous
watch error of the'con&entional mechanical watch without the
attitude detection device of this inVentién is within 25

‘seconds/day.-
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The result of the above simulation therefore has found
that the mechanical watch with the attitude detection device
of this invention has a very high precision compared with the

conventional mechanical watch.

Industrial Applicability
| The attitude detection device of this invention is small
and highly accurate. | | |
Thus, the attitude detection de\_}ice of the invention is

suited for realizihg,a mechanical watch that is simple in
construction and has a very high precision.

| Further, because the attitude detection device of this
invgntion'is small and highly accuraﬁe, it can be used on
machine tools, measufing devices, video equipment and

recording equipment.
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CLAIMS

1. An attitude detection device comprising:

é éase (510a) having a hexahedral shape;

electrodes (Al-AG) ai;anged one on each inner surfaée_
of the case (510a); and |

a conductive fluid (530) accOmmodated in the case (SiOa) :

wherein the électrqdes (Al-A6) are insﬁlated-from one
another.

2. An attitudé detection device according to claim 1,
where.il.n the conduptive fluid (530) is arranged to assume a state
in which it contécts five of the electrodes (Al-A6), a state
in which it contacts four of the electrodes (Al_;-AG) , and a state
in Which'it contacts three of the electrodes (Al-RA6).

3. An attitude detection device according to claim 2,
whérein'thé electrodes (Al-AG) are almost square in shape and
their shapes are aimost identical.

| 4.. An attitude detection device comprisings:

a case (510a) having a hexahedral shape;

‘electrodes (Al1-A64) arranged two or more on each inner
surface of the case (510a); and

acondﬁctivefluid(57b)accommodated;hlthecase(510a);

whereinl the electrodes (Al1-A64) are insulated from one
another.

| 5. An attitude detection device according to claim 4;

wherein the_electrodes (All-A64)_are almost square in shape
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and their .'shapes are almost identical.
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