*166166* Watch novenent Wi Th a m crogenerator and netnod 1or testing watcn
novenents The present invention concerns a watch novenent, in particular a
wat ch novenment with a m crogenerator. The present invention also 5

concerns a nethod for testing such watch novenents. Watch novenents with a

m crogenerator have been described notably nt docunents

CH597636 (Ebauches SA) and EP0851322 (RondHlllllmIHﬁlmmmmmlmch a wat ch novenent,

t he bal ance known from nechanical watch nmovenepts J s repl aced by a

generator 10-22 (Fig. 2) and 10 an electronic reguﬁl‘satl ng circuit 81 with a
quartz oscillator 85. The generator 1is driven by a spring énot
represent ed) Watch mowement withea gualogen&rat%@ndeoﬂhchff(ﬂﬂieg ing)watthe

generator feeds the el ectronics thatyhledents Fegul ate the rotational speed
of the generator and thus the running o? the watch novenent. Such watch
novenents therefore conbine the advantages of a 15 nechanical clock with

the precision of a artz tch he f speeds

that are effective ﬁ e gD ng\%RtI éeﬁ;ﬁﬁ? @Iﬁ%év&ﬁgrr\%ﬁﬁﬁa'rﬂﬂgbg hose in

a mechani cala Wawkmov“émmtwlthlasmicmowwp@bffbe Rl’ﬁ‘éﬁtntt'mée% R | d be nore

O Less the ¢ ﬁ\?@wgﬁ‘ﬁh R T8F tésRMENuR WAk GREentt he observation that is
in t e n

20 surpri case uch wat ches strong signs of wear appear
after a short tinme. It has been observed, for exarTR that the o I in the
jewel bearings det eyathahevements with stcrogeneeatpe have begn deser
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aces eveér8 t ouch, for
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mechanical watch movements is replaced by a generator 10-22 (Fig. 2) and

10 an electronic regulating circuit 81 with a quartz oscillator 85. The generator
is driven by a spring (not represented) over a part of the gear train 50, 60,
70 (Fig. 1). The generator feeds the electronics that in turn regulate the

rotational speed of the generator and thus the running of the watch
movement. Such watch movements therefore combine the advantages of a

15 mechanical clock with the precision of a quartz watch.

The forces, moments and rotational speeds that are effective in
such a watch movement correspond roughly to those in a mechanical clock.
Thus, it is to be expected that the wear would be more or less the same.

The present invention is based on the observation that is
' 20 surprisingly not the case. in such watches, strong signs of wear appear after
a short time.

It has been observed, for example, that the oil in the jewel
bearings deteriorates within a short time period. Furthermore, strong signs
of wear have been noticed at the addendums of the teeth.

25 Wear has also been noticed in places where the teeth never
touch, for example precisely at the teeth cusps. A lot of abrasion has also
been found in the oil on the jewel bearings. The faster the wheel rotates,
the stronger the destruction of the oil at the bearings of the corresponding

wheel.
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been found in the oil onthe jewel beartngs. [THE Ta

the stronger the destruction Jof the oil a'? t he bearfagg ;pet\r/]\gem s
corresponding *ACTION* 2 It is one aimof the invention to bi$ild a
\_A@tch novenment with a mcrogenerator that does not show these pr-~blems. It
i5 another aimof the invention to construct a watch novenent wth a -

m crogenerator that is at least as duraly e as a conventional 5 mechani cal
watch novenent. It is another aimof the invention to build a cheap and, in
addition, reliable watch novenent that is controlled with a generator and
in which these wear problens do not occur. According to the invention
these ~i ms are achi gvyednkinesithedhvention tabdildgewatdt movementyvitha ,
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are achi eved specifically by understanding the phenonenon that causes
. _ t he
rapid wear. 15 The gf Ri30Rndr ARESF tHORveRtivAYoOhvEdct awach muemerity

di scovering a totally unexpected.effect in_ sukh t d
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bet ween asnaakanarsicsl watchmoveragrtit and a generator watch novenent lies in
th4 electric grounding of the 20 conponents. In a conventional nechanical

clock, the balance is electricall grounded directly, over th ' '
In a 4i atch novenentt isianether mpg%i@’&f‘yp," ﬁ*@"'ﬁf gpeq_%agfl, ﬁngjleggr gglolr-

shoul d al so fditionl AElRfbId watch movement that is cdntrolled with a generator and
in which these wear problems do not occur. |

According to the invention, these Pims are achieved by means of
10 a microgenerator having the characteristics 4>f the characterizing part of
claim 1, preferred embodiments being furthc:ar indicated in the dependent
claims. 5

These aims are achieved specifically by understanding the
phenomenon that causes the rapid wear. ,

15 The aforementioned problem was solved in particular by
discovering a totally unexpected effect in such watch movements and by
inventing solutions to prevent this effect. !

The essential difference between b mechanical watch movement
and a generator watch movement lies in thé electric grounding of the

20 components. In a conventional mechanical dlock. the balance is electrically
grounded directly over the spring coil. Ina \&atch movement with a
microgenerator, the rotor 10 of the genera‘dor should also be grounded
electrically over the train 50, 51, 60, 61, 70, l 1. But, as measurements have
shown, this is surprisingly not the case: the Iotor is insulated from the plate

25 of the watch movement. i

The explanation found in the frathework of this invention for this
surprising fact is the following: as the drivirig torque at the generator is

very small and the magnets 12 of the rotor étray fields, the axis 50 of the
i
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electrically over the train 50, bl, 60, b1, 70, I. But, as neasurenents
have shown, this is surprisingly not the case: the otor is insulated from
the plate 25 of the watch novenent. The explanation found in the
frarhework of this invention for this surprising fact is the follow ng: as
the driving torque at the generator is very small and the nmagnets 12 of
the rotor Stray fields, the axis 50 of tde 3 wheel 51 driving the rotor
may not be nmagnetic. O herwise, the rotor receives a positioning torque
substantially greater than the driving torque available to the generator,
whi ch causes the generator to stop. To prevent this, the axis in question

i s made of GQREEr5DEFiVing the rofuBmay rbtike magnetiorOthéragseitheadtorbeen

described in the above:mnmenti or-\ ¢ I'1ium
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i s thick encagilableita the gemérater, yvhish Gausasithe genegior itatoR: i‘?r&ﬁ",e"fhe

rotor 10 as 'thte%xtshﬁlct/msﬁbn%nm@ Shpperiberylidm (duBes Tis solutiong t he
rica

rotor can b ) Ml at.ed, f th Ny tch
moverent | serharalireadichesrs dascbedindngabaverarhiohed ppPlateR £6'Snq ¢ he
wheel 51 areewd)sstsz'zcﬁbfgfr-bewlhuem¢wemnhas thertendpasy to develpp I1axdren
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wear of the g’ear train aqd a rapid deterioration of the lubrication. The
i nsul at edOwnBACh MAYEMRYG 6t or can be charged especially through

frictional electricity. If two surfaces are in contact and then 20
separatie, el ectrons @hlthe BRhePhaNAi®the genefatohe0 st pinion SQiand thee resul t

that one bOdzvhrlz%? 5% are %?éc'txgalﬁﬂgs&lg%eé) HY te BV parts ShaidRated 't he bodi es
movement, they can be charged electrically through frictional electricity

and/or through the rotor’s stray fields that induce a voltage in the wheel
1s 50-51. As soon as the voltage has reached a certain value, there can be a

discharge of sparks, as described below, which can lead to a more rapid
wear of the gear train and a rapid deterioration of the lubrication.

The insulated wheels and the rotor can be charged especially
through frictional electricity. If two surfaces are in contact and then
20 separate, electrons will be torn from one of the surfaces, with the result.
that one body has a negative and the other a positive charge. If the bodies
are not electrically insulated from one another, the charges will simply be
exchanged again at the next contact.

If on the other hand the bodies are insulated from each other,
25 for example by a layer of oxide, these charges cannot be exchanged, so
that the bodies will be charged.

Charges with the same polarization repel mutually, leading to
the charges being at maximum distance from each other. Because the
separation of the charge occurs on the little pinion, the charges. have the

30 possibility of spreading onto the big wheel, so that the pinion is no longer
charged and can be recharged at the next separation. The well-known Van
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exechanged again at the next contact. If on the other hand the bodies are

i nsul ated fromeach other, 25 for exanple by a |ayer of oxide, these
charges cannot be exchanged, so that the bodies will be charged. Charges
with the same pol arization repel nutually, leading to the charges being at
maxi mum di st ance from each other. Becausg the separation of the charge
occurs on the little pinion, the charges have the 30 possibility of
spreadi ng onto the big wheel, so that the pinion is no |onger charged and
can be recharged at the next separation. The well-known Van 4 den G aaf
gener at or wordeh Gesafrgtinegator dels anccnndmmgltethllsrprh‘lm;ﬂenlmrﬁhumaanecharg| ng
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exchange of cdmrdgeablﬁamﬂmgen@udd uphe vol tage, a spark discharge may occur.

10 If then the rotor 10 is electrlcally |nsulated fromthe rest of the
wat ch nmovenent, as denonstrated

b he. el e¢tric ,,resi stance
between the plate 30A%’@opIAs the (9?(‘396 qu 'I’i'a&é‘ef?”ﬁ@"c 'ﬁgﬂj hﬁh(?ﬂ'gh air
friction, t hrﬂ’iélb‘re@hdb% \&ﬂtﬁeaéfm”e mwldemrlaimdtlﬁenetlhan aambaage of through

t he voltage | I8 abidcayr. 15 fields of
the rotor 10 8?‘?1'?6%’@ q\?cgta;?ﬁ s&%@ﬁ Fr%lﬂcﬁéon I ectricity and/ or
t hr ough - the rotor S stray flel ds is too big for the electric insulation,
there areq If then the rotor 10 is electrically insulated from the rest of the

watch movement, as demonstrated by measurements of the electric

resistance between the plate 30 and the rotor 10, it is charged, either

through air friction, through charge separation as described further above

or through the voltage induced in the wheel 50-51 by the magnetic stray

1s fields of the rotor 10.

If the voltage built up through friction electricity and/or through
the rotor's stray fields is too big for the electric insulation, there are
discharges. This can be spark discharges in the meshing or there can be
other discharges, for example directly between the rotor 10 and the plate

20 ° 30. These discharges cause the following damage in the watch movement:

e There is a lot of abrasion at the teeth cusps of the wheel 61
(Inter 1), the teeth cusps are heavily damaged, though these
teeth cusps are never in contact with teeth of the other
wheel.

25 « On the pinion 50 (Inter 2), quite a thick layer of oxide
develops. Here, too, the teeth cusps are partially destroyed.
Furthermore, there are traces of abrasion on the teeth flanks.

e The oil of Inter (60-61), Inter 2 (50-51) and generator 10 is
deteriorated, on the one hand by the formation of ozone, on
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for exanple directly bet\/\/een the rotor 10 and the plate

20 ' 30. These di scharges cause the followi ng damage in the watch novenent:

There is a |

the teeth cusps are heavily danmaged, though these

ot of abrasion at the teeth cusps of the wheel 61 (Inter

contact with teeth of the other wheel. 85 On the pinion 50 (Inter 2)
quite a thick |ayer of oxide develops. Here, too, the teeth cusps are
partially destroyed. Furthernore, there are traces of abrasion on the
teeth flanks. The oil of Inter (60-61), Inter 2 (50-51) and generator
is deteriorated, on t tite otitertearid by thévhighoeleatriovoltdgeoand the spark  t he
ot her hand by the hi ghdf"slfﬁg@ei c voltage and the spark discharge. 1In the

beari ngs 41,
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teeth cusps are never
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of abrasion and the oil is full of small

particles. 5 The teeth of the wheel are soiled with abrasion particles.

The pegs are heavil y, WY th@Bbafif§a4%,ahefe hRetraeéd ofalsasion didthebllis The
di fferent chem cal substances in t oil attack the pegs chemcally. 10
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» The pegs are heavily worn out because of the particles in the
oil.

e The different chemical substances in the oil attack the pegs
chemically.

e The electronics 81 may possibly be disturbed by the
discharges.

These problems occur only after a certain time, but if they do, the
watch movement stops after a short time. Once there are spark discharges,
the layer of oxide grows, as does the tendency to charge the wheels
through frictional electricity, and the damages continue with ever growing
intensity. After a short time, the friction caused by the deteriorated oil and
the dirt in the jewel bearings is so great, that the driving force available at
the generator is smaller that the needed driving force, so that the
regulation does not function any more.

These experiments according to the invention were carried out
under a scanning electron microscope in order to check whether the wheels
in the train can be charged. In this process, an electron beam is focused on
the rotor 10. If the rotor can be charged, it means that it is not grounded
over the train 50, 51, 60, 61,70, 71 of the plate 30, i.e. it is not insulated
from the plate.

Spark discharges could be observed in the scanning electron
microscope, which demonstrates that the rotor 10 is electrically insulated.

in

arge the wheels is through



intensitTy. After a short UIMNMe, the Trrctron caused Dy tne detertorated ol
and the dirt in the jewel bearings is so great, that the driving force
avai lable at the generator is smaller that the needed driving force, so
that the regul ati on does not function any nore. 20 These experinents
according to the invention were carried out under a scanning el ectron

m croscope in order to check whether thegieels in the train can be
charged. In this process, an electron beamis focused on the rotor 10. If
the rotor can be charged, it nmeans that it is not grounded over the train
50, 51, 60, 61,70, 71 of the plate 30, i.e. it is not insulated 25 fromthe
pl ate. Spar k Tthesddrnage visitsie lot the wheels irethe traitocksaeny sigikardotthen

m cr oscope, ich %ﬁ@ﬁgéﬂ?ﬁaﬂ&‘&q@%@?ﬁ% WeaJrQe%tsofesje@SHI infYGhtng. 1 nsul at ed.

6 The damag afilag e traln 100ks very simlar to the
damage that happens in watches after a wear test of several nonths. In

orderd;o sol Veht he IOfrPSh]ﬁFt%fsol\féetHﬁ?]r@'bléfﬁ\tﬁfth@ff\ﬁawhtrho@eméhwwpbraar?_tor
according to the state of the.art e, gearg | rQ : i rst
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the gearing iis adfist éatboditmens of the éxeemtion. Tbus, an electricghaniging ettheyear i ng
over the neshj : ; ' ' d the neans
of brush con'? gg%s%%gyﬁre‘e ggg}:{_}é?sza‘é&gggglﬁﬁr%&dgﬁgg? ogﬁgghm?rné\%‘nt i on,

whi ch may be gegrinsheverddemeshing or ovesthe axes facexampiedpd egbeeﬁé&%?i%n i s

prevent ed. Thsy means bf Bhash edntattsiopethreepasat i on can for exanpl e be avoi ded
by using materials that have approximately the sanme el ectrochem cal

potential and/or the same dielectric constant. If ”‘}@H terials that are

in contact with eachlmesecondbembedimgpt 6% theinveptione may ke ce

char act ér gt i oenbinBd WithtRedrstcembbdirhert, chamyesepagation is presgnted:Thehere i s
a separation &Eu%r%%ce of charge separation can for example be avoided by using
materials that have approximately the same electrochemical potential

and/or the same dielectric constant. If the materials that are in contact with
each other possess approximately the same surface characteristics, the

15 tendency of electrons being torn away when there is a separation of the
materials is not very high. Therefore, materials or surfaces with good
tribological characteristics and a hardness greater than 200DH can for
example be used.

In a third embodiment of the invention, which may be combined
20 with the first and/or second embodiment, oil that is resistant to ozone is
used. This allows for the lubrication to be kept intact, if within the watch
movement ozone is regularly produced by spark discharges.

In a fourth embodiment of the invention, which may be
combined with the first and/or second and/or third embodiment, jewel
25 bearings are used that protect the oil as much as possible against oxidation.
This is achieved by keeping the jewel bearings as closed as possible, on the
one hand in order to keep the oil in the bearings by capillary effect and, on
the other, in order that the oil is thus not exposed to oxygen and the
possible ozone it contains.



materials i's™MOT _very high. Therefore, materrals or suarraces witn good

tri bol ogi cal characteristics and a hardness greater than 200DH can for
exanpl e be used. In a third enbodi nent of the invention, which may be
conbined 20 with the first and/ or second enbodinent, oil that is resistant
to ozone is wused. This allows for the lubrication to be kept intact, if
within the watch novenent ozone is regularly produced by spark discharges.
In a fourth enbodi ment of the invention, which may be conbined with the
first and/ or second and/or third enbodi nent, jewel 25 bearings are used
that protect the oil as nmuch as possible agalnst oxidation. This is

achi eved by keepi ng Theinventionowil bebettas uodesstdod svipn sefieperce tnthene  one
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t he ot her us” not “exposed to oxygen and the
possi bl e ozosentainingnthe figures, imwhichhvention will be better understood with
reference to the descrl ption of an enbodinent illustrated by the attached

drawi ngs containi ng ures ction of
a part of the gearing EéLB St%‘éb“sse%bé’g&&'gtﬁj‘hgb%ﬁ%’?ﬁ?&@&@ﬁam

Fig. 2 shmas raicto:ger\eratnrcdfaawatdumvemetfﬁd with a microgenerator and the
associ ated electronics. Figure 1 shows a side cut of a m crogenerator

fitted in a watch npvenept accordi.ng to the,in wi t.h o parts
of the watch io mv@‘ﬂeﬁtsnﬁ%és%‘{)e‘%’o‘?P%Hb%qlgfiﬁgq*ﬁ"ﬁm%m'ﬁ(?&%&% ei ng
shown. The wainghtheaseotistedelettmoniks.a nmechani cal energy storage in the form

of a (not represented) spring. The spring is vvound by a (not represented)

wi ndi ng device or preferably by a mass that js i nto i.llation by the
g P Figure 1 s¥|ows asidecut of a mgcro enerator %itted in awateh Y

movement according to the invention, with only the parts of the watch

10 movement necessary for understanding the invention being shown. The
watch movement contains a mechanical energy storage in the form of a
(not represented) spring. The spring is wound by a (not represented)
winding device or preferably by a mass that is put into oscillation by the
movements of the watch wearer’s arm. The spring drives the various hands

1s and displays of the watch, especially the seconds hand that is fastened on
the seconds axis 70 over a (not represented) conventional gearing.

The seconds wheel 71 fitted on the seconds axis 70 drives a first
intermediate pinion 60 (Inter 1) that in turn over the first intermediate
wheel 61 drives a second intermediate pinion 50 (Inter 2). The first

20 intermediate pinion 60 as well as its axis consist for example of steel or
another suitable metal; the second intermediate pinion 50 and its axis, in
contrast, consist of a non-magnetizable material, preferably a copper-
beryllium alloy, to avoid a positioning torque to be exerted on the
generator because of the force of the magnet s on the intermediate wheel.

25 The second pinion 50, in turn, drives the axis 10 of the
generator’s rotor over the second intermediate wheel 51 and the pinion 15.
The axis 10 is held rotating between two synthetic shock- absorbent
bearings 31 and 41. The first shock-absorbent bearing 31 is connected to
the plate 30 of the watch movement, whereas the second shock-absorbent
30 bearing 41 is connected with a bridge 40.



novements of the wat

and di spl ays of the watch, especially the seconds hand that is fastened on
the seconds axis 70 over a (not represented) conventional gearing. The
seconds wheel 71 fitted on the seconds axis 70 drives a first internediate
pinion 60 (Inter 1) that in turn over the first intermediate wheel 61
drives a second internediate pinion 50 (gnter 2). The first 20 internediate
pinion 60 as well -as its axis consist for exanple of steel or another
suitable nmetal; the second internediate pinion 50 and its axis, in
contrast, con5|st of a non-magnetizable material, preferably a copper-
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t he upper di contal ns ree_ I n o,ls 20, 21, 22, that
are mumedCMrQ&ﬂﬁéam@R@U&'!eQﬁahq_sm’ﬂ% gEnRreR 8?’ i s mount ed between
the plate 30 of the watch novenent and a bridge 40, which allows for the

o conplete generat gn i nCh URLXE a¥op'ViEwH the rhBdlfe SPHERY With a
microgenerator. The three coils 20, 21, 22 of the microgenerator’s stator
are mounted on the module 80 and linked serially between the points 800
and 803 of the electronic module 80. An integrated circuit 81 is mounted

15 on the module 80. The purpose of this integrated circuit is to monitor the

rotation speed of the microgenerator and to regulate this speed by
changing the value of a variable load resistance which can be exerted on
the microgenerator.

As explained above, a layer of oxide can develop on the wheel 51
20 and the pinion 50 from the copper-beryllium which insulates these wheels
! electrically from the other wheels 61, 71 and from the plate 30. This

problem occurs especially with watch movements with a microgenerator,
because the forces between the wheels and hence the surface pressure in
the meshing is very small so that there is no good electric contact between

25  the wheels. Although the forces in a mechanical watch are of a similar
magnitude, in this case the balance, regulating the rotational speed, is
electrically connected over the spiral coil with the plate so that it can not
charge.

Through the mechanism as explained above, charges accumulate
30 in the wheels and pinions and in the rotor 10, which can cause spark
discharges. These spark discharges wear down the wheels and the oil in the



Figure 2 shows a top View of the nodule 80 T1tted W 1IN a mcrogenerator.
The three coils 20, 21, 22 of the mcrogenerator's stator are nounted on
the nodul e 80 and linked serially between the points 800 and 803 of the
el ectronic nodule 80. An integrated circuit 81 is nounted is on the nodule
80. The purpose of this integrated circuit is to nonitor the rotation
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i s gener at ed gopd dlbetriconkactichahadtexistics Sarthatnostrongt susfage:pressiire éhar ges

interfere w i\gfé,ggfy{&%tk‘g%gr@"’? élﬁ&rfc&%ﬁté&. that the watch novenent is no

| onger corre regu _ 0 avol d these problens, according to a
first e_rrb_od! ment of the invention at |east a part of the wheels 51, 61,
71, and’ pygi ons 50, Alcordihgitea second embodiment of the invention, the

occurrence of charge separation is avoided by using in the gearing
materials which posses approximately the same electrochemical potential
and/or the same dielectric constant. If the materials that are in contact with
each other possess approximately the same surface characteristics, the

15 tendency of electrons being torn away when there is a separation of the -
materials is not very high.

Preferably, then, a material or at least a surface is used for the
wheels and pinions 50, 51, 60, 61, 70 and/or 71 that avoids charge
separation and at the same time also allows between the wheels an

20 electronic contact at a weak surface pressure.

Preferably, a material is used which has good electric
characteristics, on which no layers of oxide develop and which furthermore
possesses good tribological characteristics. For example, wheels and pinions
of cheaper material can be used, for example plastic, CuBe, aluminum,

25 brass or steel (for wheels and pinions that are not influenced by the
magnetic field of the rotor), which can then be covered with a carefully
chosen material. The thickness of the layer is preferably less than 1um, the
hardness greater than 200DH, the coating material may not be magnetic
and has to adhere well onto the basic material. Furthermore, a

30 combination of materials has to be used in which the basic material of the
wheels is not diffused into the coating. The coating can consist for example



grounded. For-

good electric contact characteristics so that no strong surface pressure is
necessary to secure a good electric contact. io According to a second
enbodi nent of the invention, the occurrence of charge separation is

avoi ded by using in the gearing nmaterials which posses approximately the
sanme el ectrochem cal potential and/or tRg same dielectric constant. If the
materials that are in contact with each other possess approximately the
sane surface characteristics, the 15 tendency of electrons being torn away
when there is a separation of the materials is not very high. Preferably,
then, a mat erdn%olar adjold @aay oR esetfically dohdugtide loxiddshOnevdaaghewaner,pi ni ons

50, 51, 60, d at th
S al so_a 1R Ui AtiefY aridplnighs Bk BBy or vl c@ E‘@‘n"r‘ﬁ&f%@t 2 weak
surface pressdeetrICBH)etemdlMTwe material obeeramicere of ﬂﬁl electrisallyyenduqtive ri ¢

char act ef i st giactiomatéisibrhy diffefly HelPHsitudRieahaterkild whi ch fur t her rore
possesses good tribol ogical characterl stics. For exanple, wheels and

pi nions of cheaper material can be used, for exanple plastic, CuBe,
al umi num 85 brass oinsrdet to have aAgeeHselactdcppntan’tsthmmeslane ofcthe nf | uenced
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carefully choseéen thick es e layel 1s preferably |ess
than 1 pm thidsulad@tiness greater than 200DH the coating material may not
be magnetic and has to adhere well onto the basic material. Furthernore, a
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the wheels is not di g consi st for
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of an the invention, a material 41 is used for the bearing which has good
tribological characteristics but is also electrically conductive. Thus, the
gearing can also be grounded over the bearing.

In a preferred embodiment of the invention, a lubricat is used in
15 the bearings, for example in the form of an electrically conductive grease
or oil to make it possible to ground the gearing over the bearings.

According to the invention, the oil used is furthermore ozone
resistant, so that the lubrication stays unaltered for longer, even in the case
of spark discharges. A dry-film lubrication can also be used, or a mixture of

. 20 oil and dry-film lubrication.

In a preferred embodiment of the invention, jewels or rubies are
used that protect the oil as well as possible against oxidation by oxygen or
ozone. This is achieved by keeping the jewel bearings as closed as possible,
on the one hand in order to keep the oil in the bearings by capillary effect

25 and, on the other, in order that the oil is thus not exposed to oxygen and
the possible ozone it contains.

If a normal horologic oil is to be used, there is still the possibility
of using for the bearings special jewel bearings that are constructed in such
a way as to protect as much as possible the oil against oxidation from all



electrically conductive material, Of ceramcor, Of an electrrcally
conductive plastic material or any simlarly well conductive material. 5
In order to have a good electric contact, the neshing of the wheels and
pi nions may not be epilam zed, because epilamacts as an insulator.
According to the invention, the gearing can also be grounded through the
axes. Nornmally, rubies, which are good elygctric insulators, are io used
for the bearing of axes in the watch industry. In an enbodi nent of the
invention, a material 41 is used for the bearing which has good
tribol ogical characteristics but is also electrically conductive. Thus, the
?ﬁar! ng c?n adides. lseclgpeuridgctlmegtstm e asedhamong athersforrthedyerreattirent  of
e inventio ' ' L. k. t he
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oxygen or ozone. eeping the jewel bearings as closed
as possible, on the one hand in order to keep the oil in the bearings by
capillary effect 25 s, oils hdvingtahet, toogreat surfataterisivn miay besusddis not
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hor ol ogi c oi | ere 1s sti the possibifity of using for
the bearings special jewel bearings that are constructed in such a way as
to protectipas nmuch asTHeOsRs@MEinveRtion lalsoomintetnsox teta methotirthant abh chéck

whether the wheels in a watch movement are grounded. With this test
method, various materials and coatings can be tested. The working watch
movement to be tested is bombarded with electrons in a scanning electron
microscope. The parts that are not grounded will then be charged. If

15 certain parts, for example the rotor and the pinions/wheels 50/51 are
electrically insulated from the plate or other components, these parts will
be charged until the voltage at any place in the train is high enough to
cause a spark discharge. At this place, a slight damage will occur. In this
way, it can be determined whether the wheels are grounded. If the watch

20 movement works perfectly well for a certain time in the scanning electron
microscope and no damage can be found at the wheels after this test, it

. means that the wheels are electrically connected with each other.

In another embodiment of the test method, an electric charge is

deposited without contact on the rotor. During this, a high tension source

25 is connected to the watch movement by connecting one pole to the plate
30 and the other pole as closely as possible to the rotor 10, 11, 13. If then a
spark discharge occurs on the rotor, the rotor will be electrically charged. If
the rotor and the train are electrically grounded, the charges are spread
out in the watch movement and there is no reason for a spark discharge

30 between the meshed wheels. Therefore, there should be no damage visible
on the wheels. However, should the dented wheels not be electrically well



Isides. Such bearing el enentTs can be US

the Inter 2 and the Inter 1. Tests have been conducted for exanple mnth t he
Duofi x, Duobil and Duokif jewel bearings of the conpany KIF Parechoc AG
that contain cap jewels which keep the oil in a nearly cl osed space. 5
Conpared to the jewel bearings usually used, such bearings, thanks to the
capillary effect, have the advantage thajpthe oil stays better in the
beari ngs and has fewer tendencies to spread. Thus, oils having a not too
great surface tension may be used, such as for exanple perfluorinated oils
li ke Fonblin Z 25. io The present invention also concerns a test nethod
that can checbnnattedrwnhtdaeh\mbet:asprarladmhalrgenmetaikntplaqiea'rgtftﬂjnded Wt h
this test Iy = can be tested. The
wor ki ng wat ch QQQW%Wﬂ %Bﬂ%egﬁéﬂs?@ﬁggﬁggrggédmﬁth el ectrons in a
scanni ng el ectron nlcroscope. The parts that are not grounded will then be
charged. If 15 Certaimamﬁeﬁ?,enibtfdlmeai‘nﬁfethéhﬁeﬂmcblthamklithace)betwemV\/neels
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then a spark discharge occurs on the rotor, the rotor will be electrically
charged. If the rotor and the train a{e el ectrical LZ g‘r(%unded ikhe char ges
are spread The present invention also concerns watches were tes

with this method.




out in the watch novene

bet ween the nmeshed wheels. Therefore, there should be no damage visible on
t he wheel s. However, should the dented wheels not be electrically well 12
connected with each other, a spark discharge can take place in the

meshing. In this case, the wheels will be damaged. In another enbodi ment of
the method, the resistance between the ygtor and the plate is nmeasured. To
do this, the spring nmust be wound 5 so that the wheels are neshed and the
surface pressure in the nmeshing corresponds nore or less to the surface
pressure necessary for normal operation. The rotor may not however be

subj ected to strong nmechani cal force t@aiawoi d anti-shock el enents being
ejected and the rotor's axis being electrically connected to the plate. It
is best to use athin wire to contact io the rotor for the neasurenent. To

do thi s the r0t0r h@S EW%Qctiphwmeriﬂn@vh@?Qﬂd%tdr'oﬂw genetatck (10, th, me
wire. The pre i on .al so _conge e Wi
thi o et hod. 15515 GAVATHBY 3 PRSIk AVAHERILY 1t Wiein (151, ] Eang pirins
gener at or ( 1@50,16Q, 70),3hei apetativaofithe generatog beirg regyatedhby 89 of wheel s
(51, 61, 71) Zé;ﬂ[)@rh@'r @lapf@%rcﬁﬂ(ﬁf))&mqérgﬁ %Sﬁéélf‘aﬁa fﬁ,lﬁgnggp@rator

bei ng regu at tronic re ating circurt wherein said
wheel s and plefl#@ﬁ@'é\f@m@@@crl cally grounded 2. V\atch nmovenent accordi ng
to claim1, wherein at |least certain of said wheels (51, 61, 71) and

ni ons (50, 60, 70) ,are I wat ch
ﬁ;)vlament(accordl ng % 2 a%qu %V%&%n{?cgaf‘d.hé% FaiftP 8vh@tein 19 1ehst Vét C
certain of said wheels (51, 61, 71) and pinions (50, 60, 70) are made of non-

magnetlzable material.

10 3. Watch movement according to claim 2, wherein at least
the wheel (51) and/or the pinion (50) that meshes into said rotor (10, 11,
13) are made of non-magnetizable material.

4, Watch movement according to one of the claims 2 or 3,
wherein said non-magnetizable material comprises copper-beryllium
15 (CuBe).
S. Watch movement according to one of the previous claims,

wherein at least certain of said wheels (51) and/or pinions (50) are made of
electrically well conductive material.

6. Watch movement according to claim 5, wherein said
20 material is an electrically conductive oxide.

7. Watch movement according to claim 5, wherein said
material is gold.

8. Watch movement according to claim 5, wherein said
material is an electrically conductive plastic.




t he wheel (51) and/or thepimom (50) that eSHES T Mto Ssarad rotor (1o, 1L,
13). are made of non-magneti zable material. 4. Watch novenent according to
one of the clainms 2 or 3, wherein said non-magnetizable material conprises
copper-beryllium 15 (CuBe). 5. Watch novenent according to one of the
previous clainms, wherein at |least certain of said wheels (51) and/or

pi nions (50) are made of electrically l4 conductive material. 6. Watch
novenent according to claimb5, wherein said 20 naterial is an electrically
conductive oxide. 7. Watch novenent according to claim5, wherein said
material is gold. 8 Wtch novenent according to claim5, wherein said
material is an el ect iy cal Watehnfigedrment atcosding toldne B theprdvious daim,

according to ope_ qaf e_previ gus. | 1185, ' . . Sai d
Whoel s (o1) aHBeEn A iest oneth uf Lt siLahaleP eihions 150 Bk
nmovenent accowithnycoating.ai m 9, wherein said 5 coating is electrically
conductive. 11. Watch novenent according to one of the clains 9 or 10,

wherein said coating s not netic. 12. ch venment  according to one
of the claims 9 to 110 \/\M@?fgﬁ QQ'HEEBQ‘EQO\@{WQS“’%?'"&N‘% whereinsaid 13 \at ch
novenment agco¢aliting Is@leateically ¢dredudtivens 9 to 12, wherein said coating has

a hardness greater than 200DH 14. Watch novenent according to one of the

clains 9 to 13, wherein the thickness of sajd coating is | ess tha,‘rbl pm
11.  Watch movement according to one of the claims 9 or 10,

wherein said coating is not magnetic. '

) 12. Watch movement according to one of the claims 9 to 11,
wherein said coating is not oxidable.

10 13. Watch movement according to one of the claims 9 to 12,
wherein said coating has a hardness greater than 200DH.

14. Watch movement according to one of the claims 9 to 13,
wherein the thickness of said coating is less than 1um. '

15.  Watch movement according to one of the claims 9 to 14,
15 wherein said coating consists of gold or a gold alloy.

16. Watch movement according to one of the claims 9 to 15,
\ wherein said coating consists of an electrically conductive oxide.

17. Watch movement according to one of the previous claims,
wherein at least one meshing is not epilamized.

20 18. Watch movement according to one of the previous claims,
wherein said wheels (51, 61, 71) and pinions (50, 60, 70) are grounded over
the meshing.

19.  Watch movement according to one of the previous claims,
wherein said at least one of the wheels and/or pinions are not epilamized.




15. Watch novenent according to O ,

coating consists of gold or a gold alloy. 16. Watch novenent according to
one of the claims 9 to 15, wherein said coating consists of an

el ectrically conductive oxide. 17. Watch novenent according to one of the
previous clainms, wherein at |east one neshing is not epilamzed. 20 18.
Wat ch novenent according to one of the pgevious clains, wherein said
wheel s (51, 61, 71) and pinions (50, 60, 70) are grounded over the
meshing. 19. Watch novenent according to one of the previous clains,
wherein said at | east one of the wheels and/or pinions are not epilam zed.
15 20. Watch novengot awachl muyehertraecofdingdo mmeveiothe prexiaus,claimsy ei n

materials f A 0l i : i proxi mat el y
the same. ol ARFRILTIERRR 1BF S Ihedls ol pitiRRe ol ubc Wi peesed Pl O30 T €
21. Watch napprexmatebothe sane elestrochemicab pptentia) @NdOLthassamMener e n at

| east one ofgisRicticduRtant( 51, 61, 71) and pinions (50, 60, 70) is grounded
over the axes. 22. Watch novenent according to claim 21, wherein said axes
are grounded over the jewel bearings (41). 10 23. Watch novenment according
to claimg2, wherei21sai Watflewdveineenti acgerdingtoene ofithe praviquslaipns,
conductive Qj 4 ygg#: BRI i liRlohs (SO0, gopissai d axes
are groundeghhgre?rnegﬁs 0 g's‘FfbgTsng cgﬁttegg?g'.gg;w\%g??ﬁ m)ve(mant acgordi ng to
one of the eYNded QvektR@ axes.s wherein in the watch novenent an
ozone-resistant oil is used. 26. Watch novenent according to one of the

previous clains, 22. Watch movement according to claim 21, wherein said axes
are grounded over the jewel bearings (41).

10 23. Watch movement according to claim 22, wherein said
jewel bearings (41) use an electrically conductive oil.

24. Watch movement according to claim 21, wherein said axes
are grounded by means of sliding contacts.

25. Watch movement according to one of the previous claims,
15 wherein in the watch movement an ozone-resistant oil is used.

26. Watch movement according to one of the previous claims,
wherein a dry-film lubrication is used in the watch movement.

27. Watch movement according to one of the previous claims,
wherein it was tested beforehand to check whether certain parts of the
20 watch movement are grounded.

28. Watch movement according to one of the previous claims,
wherein it contains bearings that protect the oil against oxidation.

29. Watch movement in which the rotor (10, 11, 13) of a
generator is driven by a spring over a plurality of wheels (51, 61, 71) and
25 pinions (50, 60, 70), the operation of the generator being regulated by an




wherein a dry-fitmrtubrication 7S UsSed fm tNe watcn novenent. Z7. vatcn
novenment according to one of the previous clainms, wherein it was tested

bef orehand to check whether certain parts of the 20 watch novenent are
grounded. 28. Watch novenent according to one of the previous clains,

wherein it contains bearings that protect the oil against oxidation. 29.
Watch nmovenent in which the rotor (10, 44, 13) of a generator is driven by

a spring over a plurality of wheels (51, 61, 71) and 25 pinions (50, 60,

70), the operation of the generator being regulated by an 16 electronic
regulating circuit (81), wherein in the watch novenent an oil is used that

i s ozone- r eslledtegtic régulating circuit (81), wherein in the watch movement an oil is

used that is ozone-resistant.




