ELECTROVAGNETI C DRI VI NG CI RCUI T Thi s invé%tron relates to el ectromagnetic :
driving circuits, for exanple, for driving pendulums and the 5 like, o
286 Pt T

Rigure 9_illustrates a conventional electro- magnetic driving ci :
detectingfand driving a pendulumof, for exanple, a clock, using a coil.
Wien a permanent magnet M as illustrated in Figure 10A, 10 approaches a

coil L2, a voltage is_induced in the coil L2 in such a direction as to
repell the magnet M- As depicted in Figure 10B, when the nmagnet Mis
di sposed opposite to the coil L2, the indqced voltage is 0. As shown in
Fi gure 10C, when the magnet M noves away from 15 the coil L2, the induced
voltage in the coil L2 is in a direction to attract the magnet. The
polarity of the induced voRLRBFROMAGNETIE ' igeg@s 11A or 11C
differs depending on th ' 1 \ ' First,
operation in the case of the induced 20 voltage shown in Figure 11A will be
di scussed. A base voltage of a transistor T2 is, as depicted in Figure 11B,
cl anped by a given vohiggenVeh¥ivh' Fetatkst ke @1@@%:%&%@{4&1%5 divilny
base/em tter. If the base voltage of the transistor. T2 decreases below a
threshol d vol teipcuits fior erampiei, ndoredrieingypendulunisn anidwhe 11A:
whi-ch is ZfEfferated at a termnal P, the transistor T2 is turned

e. : :

Figure 9 iilust:ates'a conventional ‘electro-.

— _ _ magﬁetic d;iving circuit for'detecting_ana driving a
pgndulum_of, for example, a clock1 usiné a coil. When a
permanent magnet M, as illuétratéd in-Figufe:10A, | -

10 approaches a.coil'Lz;.a.voltage.is induced in the coil
L2 in suéh a direction as to repell the magnet M. As
depicted in Figure 10B, when the magnet7M is disposed
opposite tb the coil L2, the induced voltage is 0. As
shown in_Figure 10C, when the magnet ‘M moves away from

 15_ the coil L2, the induced voltage in the coil L2 is in a
U _. direction to aftfact the magnet. The polarity of the
‘induced voltage, as illustraﬁed in figures_11A or 11C,

differs depending on the direction in which the coil L2
is wbund. First, operation in the case of the induced

20 voltage shown in Figure 11a will be discussed. A base
voltage of a Eransistor T2 is, as depicted in Figure

-l11B, clémped by é.given Qolfage V by virtue of the diode
propertiés ofjits base/emitter. If the base voltage of
the trénsistor T2 decreases below a threshold voltage vt

25 due to the induced voltage shown in Figure 11A which is



OFF and a transistor T1 is turned C»l‘_A driving current flows through the
coil L2:or atine t6 determined by the tine constant of a capacitor C and
aresistor Rl, 5 whereby the magnet is attraction-driven. This is the
so-called "attraction driving method". Wiere the induced voltage is as
shown in Figure 11C, the base voltage of the transistor. T2 is held M

substantially at the voltage V because of the diode 10 properties thereof

even if the voltage at the termnal P e2hibits an increase as illustrated
In Figure 11C. Wen the induced voltage exceeds a peak, the base voltage
of the transistor T2 is lowered resulting in a drop in the foregoing

vol tage. Tigenexated atige t¢EmiUQbrEastbelBrbaBbambheTﬂhisshurdedoltage
vt, at which tine the transistor T2 is turned OFF. Subsequently a driving
current flof@FR ansigh t#ﬁﬁ%*ﬁt°{2T1tﬁ%rtﬁyneép@Nbln@ dnéV&ngngurnentThus is
the so-called "repul sion driving nmeth or nore efficient
driving of tﬁ?@%mousmé%l¢°£& 12 ﬁ??véntmhtﬁhéetﬁmnﬁﬁeﬁl bP¥strated in

Figure 10A i e case of t traction,drivin t hod. ere

regulsion dry tk} ?@P t%dca??°?g°ﬂeé gﬁgeé Fﬁsﬂ¥¥9€ Fie coil wth
the tim @g own ,i n F re 10C.. 25 above

S angans, VERERY Eh0 Sl 18 eserant b AR AC RhEs i'e "Bfes
depending o4 NG11ea "attraction driving method"

Where the induced voltage is as shown in Figure

11C, the base voltage of the transistor T2 is held \J
lsubstantially at the voltage V because of the diode _

10 properties thereof even if the voltage'at the terminal P".
exhibits an increase as illustrated in Figure 11C. When
the induced voltage'exceeds_a peak, tne-base voltage of
the transistor T2 is lovered.resulting in a drop in the

_ foregoing voltage. The base voltage thengdeoreases_

15 below the threshold-voltage vt, at whioh time the
transistor T2 is turned OFF. Subsequently a driving
current flows through the coil LZ, thereby repelling the - ;;

magnet M. This is the so-called “repulsion driving -
method”. |

20 - For more efficient driving of the magnet, the coil
L2 is driven with the timing illustrated in Figure 10Aa
in the case of the attraction driving method. Where the
repulsion driving method'iﬁ'adopted; it is desirable to
drive the coil with the timing shown in Figure 10C.

25 ' In the above-described arrangement, however, the

e



direction in which the coil is wound, with the result that a favourable
~driving condition with high efficiency cannot be obtained. Nanely, since
the coil 4 s driven 5 wth the timng showm in Figure 10A, there arises no
problen1?n the situation illustrated in Figure 11A. If the w nding
dlrectlon I s reversed, however, the repul sion dr|V|ng met hod i s, as shown
in Figure 11C, |n|t|ated fron1a point slightly before the tinmng showmn 10
in Figure 10B and this | eads to-consideragle deterioration of efficiency.
For this reason, it is necessary that the circuit is constructed, taking

t he wi'ndi ng direction of the coil into consideration at the time of

manuf act ure. Krive-timimgy ciivesome heasessdevilatesvdepend@ingsohtthg from

noi se froma power- source, and driving pul ses of the coil are often
produced due1ﬂiﬂeriQnuinwﬁhi¢hvbheageibfishUDpndmrwtbhrthe fesulhduced
voltage in the electronagnetlc driving 20 circuit of Figure 9.is generated
at the ternindthat a|iav¢nrahb%d%nivanagendétgoeawbththg aeffieiency
voltage vr (Figure 12A), the transistor_T2 is turned OFF, while the
transistor T1.Gannqof ke ehtail W%da.r@%ﬂ?%Y'tﬁénﬁ¢|Vhﬁgcehir%ﬁtdFigﬁB t hr ough

time 4 GondfLih SBF wimind Ahows 18 Blguincl phs; thefearises no’ | C
problem in the situation illustrated in Figure 11a. If
the winding. direction is_reversed, however, the |
repulsion driuing method is, as shown in Figure 11C,
initiated from a point-slightlj béfdte'thé timing shown

10 in Figure-1bB and this leads to_considerable
deterioretion.of.efficiency. For this reason, it is
necessary that the circuit is constructed} taking the

~ winding direction of the coiliinto consideration at the
time of manufacture. |

15 'Moreover, there is s'disedvantagehresulting from
:noise from a power source, and driving pulses of the

N\ ' coil are often produced due to fluctuations in voltage

. of the power source. _ |

The induced.voltage in the electromagnetic driving
| éo circuit of Figure 9 is generated'at.the terminal P. If_ g
' the induced voltage.is greater_than a reference'voltage
vr (Figure 12A), the transistor T2 is turned OFF, while
the transistor T1 is turned ON. As a.result, the '
. driving current flows through the.coil L2. An ON-time
25 t7 of the transistor T1 is determined by the time



For the purpose of driving the magnet with.high efficiency, it is desirable
that the driving operation is effected with the timng shown in Figure -10A,

i.e., 5 as illustrated in Figure 12A, at the maxi mal point of the |nduced

voltage V1 in the case of the attraction driving method. The -

reference-voltage vr and the ON- time t7 are adequately set to sat|§?y t he
above- described requirenent. 10 4ln the great mpjority of cases, the

drive-timng and the ON-tine differ according to the length of a swing bar
or a magni tude of sw ng angle when driving a pendulum - In the _

above- descr idenstantsrofiathet capdcitorgCcanduithe resdstor R1e CN-tlne i's
determ ned by 15 the tine constant of -the capacitor C and the resistor Ri,
and the tine constﬂmrsthespurpesefofedhévidguthedmhgnetcuﬁabnmdgh th the
length of the swing bar or -the ni tude of the swing angle. In addition,
t he referenc%fﬁﬁmlegeYvrihatst@esgrpbépeth?ta&PesﬂGdWﬁNQZ@PeGﬂGdﬂﬁto vary
the ON-timn For instance, where the sane pendulumas that of Figure 12A

i s enpl ayed deﬁﬁECSQanlﬁthBel§iﬂﬁﬁﬁ shewneAn: Fdouwe i108de 0@ trhe

i nduced vol t age reduce s shown inp, Flgure B and mpderate vari ations
in 25 ardl ﬂ%d%ii'ﬂﬁtﬁ?ﬁﬁgﬁ Bigen 124.cet the BARIBS: FOAGE S5 has (o
be adj ust ed e 13 uce ig gd 9?' . e’ case ©of the attraction '

o

driving method. _The refe:ence-volsegeﬂyr and the ON-

time t7 are adequately set to satisfy the above- G

described :equirement._'

10 In"the great majority ef.eases,.the drive-timing i
and the ON-time differ according to_the length of a | |
swing bar or a magnitude of swing angle when;dri#ing a
pendulum. In the'above;describedselectremagnetic
driving circuit, however, the ON-tine-is determined by

15 the time constant of.the.capaéitcr C and:the resistof

‘ R1, and the time constants must therefore be adjusted in
D 'accordance with the length of the swing bar or the
magnitude of the swing angle. In addition, the

_ reference voltage vr has to be ptoperly adjusted in

20 order to vary the ON-timing. -

For instance, where the same pendulnn as that of
.Figuré iZA is employed and the swing angle is made
smallergethe amplitude of the induced voltage is reduced
as shown in Figure 12B and moderate variations in

25 amplitude,ere created. In this case, the drive timing

Y



generated at the maxi mal point of the induced voltage by adjusting the
reference voltage vr, This is neecessary to cause the driving current to
-Iom/thrqhgh the coil 5 for an ON-tine t8 which is longer than the ON-tine
t7, and e time constant of the capacitor C and the resistor Rl nust be
-nDdlfled““In the case depicted with a dotted line i'n Figure 12A, if the
ON-tine is set to a value l'onger than the,10 tine t7, it follows that the
swi ng angl-e becones | arger than is requirgd The dr|V|ng current flows at a
timng when an induced voltage V2 having a reverse polarity is generated,

Chetsi oo on e s ' d@iusted’ 88" fhar khe Abiving puifds axe | o ('O
to a value Sh d:&&gf fechd iﬁ..&fd £n hsfnelessmaxcga%maa&ergg

cannot be obt e pen um ceaSes to Sswng I n soMe cases

Wiere the swing Oﬁ?gt %\:ﬁ'ié fé‘féféﬂ&é vbi€agéradi #RiFENE SnasedBasyi bed

a
above .in rel ati ng angl e are needed, and simlar defects are

created. As digsusnpse aaeéea:wmgdeaﬁféﬁtlﬁhefm tl&bﬁﬂhcﬁﬁéebbwnal
el-ectromagnetic driving circuit are 25 present: both the time constant

and the refgrefse an GNVELih€ 08 Wihithi i5eleryent elanathet ONvtineator dance
e -and the time constant of the capacitor C and the
resistof R1 must be modified. |
K’/ ' In the case depicted with a dotted line in Figure
12A, if the ON-time is set to a value longer than the |
10 time t7, it follows.that the swing angle becomes larger
| than is required. The driving'Current flows at a timing
_iwhen an induced voltage \z3 having a reverse polarity is
generated, resulting in L consumption of electric
'~ current. - _
15 . In the situation indicated“by'a dotted line in
' Figure.123, the ON-time is set to a value shorter than
'K,/. _ - the time t8 and so the neceSSary driving.fotce cannot
| be obtained and the pendulum ceases to swing in some
cases. _ _
20‘ . Where the swing bar differs in length, the same
| adjustments as described above in relation to swing -
angle are needed, and similar defects are created.
As discussed above,'some defects inherent-in the
| conventional electromagnetic driving circuit are

25 present: both the time constant and the reference -



t he magnitude of the swing angle and/or the length of the swing bar; and if
sone deviation is produced in the adjustnent the electric current is

wast eful Iy consunmed 5 or the pendul um stops. The foregoi ng conventi onal

el ectromagnetic driving circuit. can be used for the type of pendul un¥in
whi ch the driving operation is .performed by orienting two pol es of “he

. permanent nagnet Mas illustrated in Figure 10 13 towards the coil L2 as
well as for the type in which one pole of the permanent nagnet M faces-the
coil L2. Description will herein be centred on the driving operation

associ at ed wollalgee vy pusth @ adidsted cedch ¥Yiméhdnattorfghée with the
magnet M noves in a 15 direction indicated by an arrow and is positioned
opposi t e t othee magnititie Af tthe swimg anmgle@nd/Srithextengthi ofsuch a

di rection as to.stop the magnet M A maxi mal induced voltage V1 illustrated
in Figure .the iswingdeoey and iHsonstdeviation sistpeodugedt ity the 20
depicted in Figure 14B, noves in the reverse direction and faces the coi
L2. The coundﬁgatﬂeﬂtnths|saegkxiQmpurrenkwisivnséefuthasonsugeép t he
magnet M Then a maxi i nduced voltage V2 shown in Figure 15A is

gener at 8. the P943%4 MePPResirable in ternms of efficiency that 7

the nagnet 'S ene%ﬂé“?%éé&o ﬁ?'é@h$£§if¥6£ﬁrEhé%%ééﬁﬁgnetic driving

circuit.can be used for thestype of pendulum in which
the driving operation is performed by orienting two g;
poles of the permangnt~magnet_nzas illustrated in Figuré
10 13 towards the coil L2 as well as-for the type in which
.one pole of the ﬁermanent magnet M faces the coil L2.
Descfiption.will herein be centred_bn the Briving
operation.associated.with the.type shown in Figure 13. |
As shown in Figure 14A, £he magnet M moves in a
15 diréction'indicated by an arrow and is positiéned
opposite to the coil L2. At this time, the coil L2 is
- excited in such a direction as to stop the magnet M. A‘
maximal induced voltage V1 illustrated in Figure 15A is
produced. In contrast with this, the magnet M, as
20 depicted in Fiqure 14B, moves in the :evefse direction
‘and faces the coil L2. The coil L2 is similarly excited
in such a direction as to stop the magnet M. Then a
maximal induced voltage V2 shown in Figure 15A is
genérated.

25 It is most desirable'in terms of.gff;ciency that



to flow through the coil.at the maxi mal point, viz, at the timng shown in
Figure 14A or 14B. A threshold voltage of the transistor T2 depicted 5 in
Figure 9.s set to the reference voltage vr shown in Figure 15. As a result
of.thisriLt the induced voltage exceeds the voltage vr, the transistor T2
Is turned OFF, while the transistor T1 is turned ON~Then, the driving
current, -as shown in Figure-15A, flows th;ough the.coil 10 L2 at the timng
of the induced voltdge V1 with the résultfthat the nagnet Mis energised.
As in the former case, sone deviation is created in the tinming at which the

hereby pr obaliF dgIRg 18 SR ELeSd ey o R by Hhinchedninm GhEentsun T
Fi 158, . . ey ,

{1 at i o (HE oRESoistteRe ooy 80 °FR APcLaRt BhBber V871 AE
the driving CLE’H&I‘E,F]%:{%%;%@ ?Jf‘@%ﬁgi 148! Syef 480 than the optimal -

timng. Wile on th ) the anplitude of induced voltage

i ncreases, -the drivigrrédiealid VoY€add dfetkei transistor "D a6gieebane!

timng. In either case, there is a drop in driving efficiency: ~Such being -

the case, sgatfreFigure VOrigtgetSto othé acébétenbé Chotiaé vHfEhewaegnoN the

anpl i tude of 8 induced voltage nust be elimnated in order to keep the
' Figure 15. As a ?esult of this, if the induced voltage

"exceeds the voltage vr, the transistor T2 is turned OFF,
whilé the transistor T1 is tﬁrnedION. Then, the driving:
current, as shown in Figure 15k, roWS‘thfouéh-thefcoil
10 ‘L2 at the timing of the induced voltage V1 with ‘the
result that the magnet M ié energiSed. As in the former
caée, some-deviatibn is_creatéd.ih tﬁé timing at which |
' the coil is driveh becéuse 6f fluctuations in amplitude
. of the induced voltage, thereby pkobably decreasing the
15 driving efficiency. | '
| | Namely, as shown in Figuie 15B, when the amplitude
U - of the induced voltage diminishes, the tiﬁing at which
|  thg_Yoltage vr is reached is delayed, and-it follows
that the driving current flows through the coil slower
20 than the optimal timing. While on the other hand, if
the-amplifude of induced voltage increases, the driving
.current flows in the coil faster than the optimal
timing;'_In eithef case, there is a drop in driving
efficiencj. Such being the case, scatter in a variety

25':of factors which exert influehceS'on the amplitude of



driving efficiency optinum Accuracy i n manuf act ure. and assenbling
processes is strictly required. The greatest defect of the conventi onal
electro- 5 - magnetic driving circuit described -above is that it is

capabl e of being integrated because of the adjustnents -needed to metch it

to the characteristics of the pendulun® The present invention at ed®t in
“its preferred 10 form seeks to prOV|de an electronagnetlc dr|V|ng

circuit which, with the exception of_a coil, _can be_integrated, which is
capabl e of ¥H4%¢ﬂ% Y?kﬁ%ﬂﬁImW%QéP¢a%l§m%EaEFﬂlb%l?r@?¥|E9eh?ePlﬁ?ﬂg SO as

t.to d t he d th ’ d t b
"ot uenced Gyt TFRe FaAt EERRRy foptEReR . ACERERFE otn RERHEREERFe "ShA which
[ bl | d/ -
o pul se w S HBEN, é%g%% '1@ PG Hag fragner ot fon tinng andlor

Is 20 provi dgﬂ?j?l Fe. @Eéé@"@élﬂé’éﬁ Cofl" £ N& %ﬁéﬁt‘iénéf’”@iééti‘&- a coi |

for detecting an a pernmanent nagnet; a conparator circuit. arranged

to SOpraren@dhﬂé@i@&ﬂri’@iﬁ@%@éuﬁ@'d’eﬁ@ﬂb&&t%é\véei§r€1|i'&€ veligge; a one

shot pul se generating circuit coupled to the conparator 25 - circuit for

.generating incipabley of!Seingvingegrated baciesel 60 he ladjustmesponse t o

the output of said conparator circuit; and a driving circuit arranged to
needed to match it to the characteristlcs of the

- pendulum.
The present invention at least in its preferred . g
10 | fofm.Seeks_to provide an electromagnetic'driving |

circuit which, with the exception of a coil, can be
‘integrated, which is capable of driviﬁg the coil
invariébly at a highly efficient timing so as not to
depend on the-winding'di;eétion of the coil and without
15 | being influenced by-the am?litude'of.thé induced voltage
in the coil, and which is éapable of automatically
optimally adjusting a gene#ation timing and/or a pulse

'width-of_a driving pulse. - _ - '\;J.

' According to the preéentlinveniion, there is
20  provided an electromagnetigq driving circuit comprising: a
coil for detecting and driéing a permanent magnet; a |
cbmparator cifcuit_arranged to compare an induced
"voltage of said coil with a reference'voltage; a one
shbt pulsefgenerating circuit coupled to_the comparator

25 circuit for genérating a dr}ving pulse having a

¢
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recei ve said driving pul se of said pulse generating circuit and to cause a
driving current to flow through b said coil during supply of said
The el ectromagnetic driving circuit, in one enbodi ment,

driving pul se.

i ncl udess’a judgenment. circuit for judging a |evel of said induced voltage at
- a predet?ﬁnined timng after halting gengration of said driving pul se, and

a 10 cont r ol

circuit for controlling timng and/or pulse width of said

next driving pulse on receipt of an output of said judgenent circuit. The
pul se gener at pr¢deiterminhednwide haihareeponeedtre thiee cutpudr iofi 8gidul se with
a predetermned tinme 15 del ay from generation of the output of said
conparison ci comparakoef edxicuiti;hand ectrdviggeicicciityiarganigeduito i ncl udes
a prohibit circuit for prohibiting supply of said output from said
conpar at or ci keégedveosaifdddrivdagopulse ofcsadd: pidse generaddndng a preset
period froma predeterm ned timng after generation of said output from

sai d conpar at GATSUAE ARG 20 cause endrdvdag: SNXEEBti EodfileMnEhEoNgR ¢ nay

i ncl ude an i nhi
pul se>f r om saf

3

VU e Ll TR R, 2

comparator circuit Q%%C%&%EQQ%%aghetié driving'circuiﬂ,"in one’

embodimént, includes a judgement circuit for ‘judging a

.level of said induced voltagé at a predetermined timing

after'halting generation of said driving pulse, and a

10 control circuit for controlling timing and/or pulse

width of ‘'said next driving pulse ch-teceipt of an output

of said judgement circuit.

" The pulse generating circuit may be arranged to

' generate the driving pulse with azp:edetermined'time

15 _'delay from generation of the output of said comparison

circuit.

Preferably the electromagnetic driving circuit

o includes a prohibit circuit for prohibiting supply of

said output_from said comparator circuit to said pulse

20 - . generating circuit during a preset period from a

predetermined timing after generation of said output

from said comparator circuit.

25



5 Wi thin said predetermned tinme delay. The inventi.on is illustrated,
merely by way of exanple, in the acconpanying-drawi ngs, in which: Figure 1
is a circuit diagramof one-enbodi nent of an el ectronmagnetic driving _ .
circuit according to the 10. present invention; Figure 2 is a voltage -
wavef orm diagramillustrating the oper3ajg on of the el ectromagnetic dri vi.ng
circuit of Figure 1, Figure 3 is a circuit diagramillustrating another 15
enbodi ment of an el ectromagnetic driving circuit according to the present
invention; Figureshé aldctremagnetiegdrisieigocirdudg may, indluserating in
conmbi nation, the operation of the electromagnetic driving circuit of Figure
3; 20 an inhipitecBricait €orcuinhibizgngmthie gemeratiombodi sedid of an
el ectromagnetic driving circuit according to the present invention; Figures
7 and 8 ar edvdiingepudeef fromdsajdapnlse genexatigg iodrowdti wheon, the .
operation of the 25 el ectromagnetic driving circuit -of Figure 8; = 11
Fi gure 9 issaidi putbutdiofgsaid comparatior) cd redvife flisCOMt IAUEE r onagnet i ¢

VRO, il SRRl RE Yt 20 el clin ene exarml o
. ' The invention is illusﬁrated, merely by_wéy 65 . )
example, in the accompanying drawingé, in_whichﬁ*-
| _Figure 1 is a circuit éiégram of one embodiment of
'an electromagnetic'driving'circuit according to the
10 present invention; | | |
Figure 2 is a voltage waveférm diagram
illustrating the_operation of the electromagnetic
driving circuit of Figure 1; |
| Figure 3is a circuit'diagram iliuétrating another

15 embodiment of an electromagnetic'driving ciréuit

éccording.to'the present invention; |

Figures 4 and 5 are voltage waveform diagrams,
illustrating in combinatiop, the_opet&tioﬁ of the \;)
electromagnetic driving circuit of Figure 3;

20  Figure 6 is a circuit diagram of another
embodiment of an electromagnetic driving circuit
according to.the.preSent invention;
| Figures 7 and 8 are voltage waveform diagrams

" illustrating, in combination, the operation of the

25 electromagnetic driving circuit of Figure 8;



5 pendul um and a coil .of the-conventional electromagnetic driving circuit

of Figure 9; Figures 11 and 12 are voltage waveformdiagrans illustrating .
the operation of the conventjonal electro- magnetic driving circuit of
Figure .®% 10 Figure 13 is an expl anatory di agram depi cting anot her

exanpl e ®f the relation between a permanent magnet of a pendulum and a coil
of the conventional electronagnetic dr|V|£ circuit of .Figure 9; Figure 14
i s. an expl anatory di agram show ng an 15 xcited polarlty of the coil in
connection with the exanple of Figure 13; and Figure 15 is a vol tage

vavefor m di agr am ShGH gg: 16 990k 2LA00y0k ASEEEAYEA1)RRIReTECy OTRGMEL i

driving circui't of 97 it tRe Terat ron Shown in gur

Thr oughout t he; aﬁmwi 6106k Snlgug" DECR: 463Nty 1 he sare

reference nunera gure Shown oné enbodi mént of an

el ectromagnetic dri £é' $01 1s28R064p18nhLokYeddagramca@epicting onen.
The coil L1 detectsw%ﬂ%udrlves 3 prernanegt nagnet (ﬁ%ﬁ shgﬁﬂ) The

el ectromagnet igx4lkpVé NGE Cthé Ukélatson betweenca pekinagentomagnet ofaa
conparator CM for conparing an i nduced voltage of the coil L1 with a
reference Wl tpgdvi @ncandoa eolicof the- conventional:electromagnetic
| driving circuit of Figure 9. .- |
Figures:11 and 12 are-veltage waveform?diagrams
- illustrating the-oberatien of-fhe:conventional electro-
magnetlc -driving circuit of Figure. 940z o
101 - Figure 13 is-an;explanatdry-diagramadepicting
another example:of the relationabetweensarpermanent
'.ﬁagnet;of a pendulum and-a;coil of the -conventional
electromagnetic driving circuit of. Figure 9;: ..
Figure 14 is an explahatory-diagram:showing an
15 excited polarity of the coil in connection with the
| example of Figure 13; and
Figure 15 is a voltagewwaveform.diag;am showing
the.operetion of the conventiona1=eleetremagnetic
driving circuit of Figure 9 in the relation shown in
20 Figure 13. |
Throughout the drawings like'parts have been
designated by the same reference numerals;._.
In Figure 1 there is.ehown_one embodiment of an
" electromagnetic driviﬁg circuit eccording to the

25 present invention. The coil L1'detects_and drives a



5 generating circuit W and a transistor T which constitutes a driving
circuit. The circuit conponents except for the coil L1 can be integrated.
The induced voltage is conpared with a reference voltage vr by neans of the ,
conparator CM If the induced 10 voltage exceeds the reference voltagg vr,
outputs are generated fromthe conparator CM and pul ses having a tiwe t-

are produced fromthe one-shot pul se ge?grating circuit- W These pulses
cause the transistor-T to turn O\, and a driving current flows through the
coil L1, 15 thereby driving the permanent magnet. That is, the induced
voltage i s, ismidddil il gilet N(AbEUERopf) 0" e @2EtzoRdohRelRe coil L1
according to the direction In Ich the coil 1s wund. TI'n either case, the
driving cur igpriiviGiitéiv@sit chds o4 defefentievddtabemBourveeret,ha i nduced
voltage.is greater than the reference voltage vr. Hence, there is always a
flow of dri GompaeatentCtifébhccompirdngt 4a induced voltage bfgdhd ess of

the w Rding direction of the coil. This |leads to a highly efficient
driving conadidiloiL1 2iith a refegeneelvoltageznat bne-shbtdpudse of an
el ectro- 13 magnetic driving circuit according to the present invention

conpri si 1y genextatingctrceitrd;i agdcartvansistoroTVwhiebl se wi dt hs of the
one-shot pul se generating circuits W,, WB and W are set to tl, t3 and t4,

constitutes a driving circuit. The circuit-components
except for the coil L1 can be integrated.
| The induced vdltage'is'comparqd with a reference : QJ
voltage vr by méans of the comparator CM. If the induced

10 voltage exceéds the'rgfergnce voltage‘vr, 6utputs are
generated from the comparator CM, and_pulses having é
time t are péoduced from the one-shot-pulse-generéting-
circuit W. These pulses éause the transistor. T to turn
ON, and a dri@ing.current flows through the coil L1,

15 théreby driving the perﬁanent magnet.-

| | That is, the induced voltage is, as illustrated ig
Figure 2A or. 2B, generated in the coil L1 according to
the direction in which the coil is woﬁnd.._In either
case, the driving current éontinués'to flow during the

20 time t when the induced voltage is greater than the
referéhce voltage vr. Hence, there is alﬁays a flow of
driving current at the peak of the induced Voltage
regardless of the winding=direction of the coil; This
leads to a highly efficient driving.condition.

25 ' Figure 3 shows another embodiment of ;n'eleétro--



5 respectively. The one-shot pul se generating circuit W2 involves the use
of a programabl e one-shot circuit the pul se width of which is variable.
The el ectromagnetic driving circuit has a flip-flop circuit F and an
‘up-downcounter CT. The one-shot pulse generating circuit WB 10 and a
flip-flop-circuit F are conbined to constitute a judgenent circuit, while
t he one-shot pul se generating circuit W d the counter CT cooperate to
constitute-a control circuit... A transistor ‘S forns a driving circuit. 15 .
Next, the operation of the electromagnetic driving circuit of Figure 3 will

be. descri bed wi f Qﬁﬂﬁa ' gL\ i NGa r&i nt inthe
counter CT i swr? W%\t,&‘?he pu 'gée) ﬁ'%%?a?%é&%ﬁ@sﬁ%t E%I ggégg*nlgrati ng
circuit W2 is jnQlentddn’ dOmpiEsing Netieldl66€0puls€ generatihgt 8&rcaused

vol tage of the coil L1, as shown in Figure 4a, exceeds the reference
voltage vrl tiga @¢ wd. siFulse widths cofibthe onedshoet pulsbegenepatihgr CM .

The pul se having -a width tl is accordingly produced fromthe one-shot pulse

generating ci cdeicuite Wi ,drWYiand 284 axe ssetatonyia v8dahdt 4,5 generated

fromthe one-shot - 14 pul se generating circuit W2 at the falling edge of

t he af or emsnt respeqhivelyd Pheyonersholy Palsecgenenatingr cireyhtnWehe

driving current flows in the coil L1 A pulse having.a width t3 is

produced frominvelyes sthe use of a programmable "one-shot circuit the
| pulse width of wﬁiéh is variable. The*éiéctfomaghetic
A\ . driving circuit-has a flip-flop circuit F aﬁd"an'up-down
counter CT. Thefoné;shot pulse generating circuit W3

10 and a flip-flop circuit E.ﬁre éombined to constitute a
judgement ¢ircuit, while'thé”oné-shoﬁ*ppisé'generating
circuit W4 and the counter CT cooperate to constitute a
control circuit. A transistor S forms a driving

| _éircuit. . .

15 Neit, the operation of the electromagnetic driving
circuit of Figure 3 will be described with reference to |
Figﬁxe-4. Assuming that a content in the counter CT is

_now.g, the pﬁlse width_of the one-shot pulse generating
ci:éuit.wz is set to t2 by the output thereof.

20 If the'induced voltage of the coil L1, as shown in
figuré-4a, exceeds the reférence voltage vr, the outpu£
shown-ih Figure 4b is pfoduced by the comparator CM.

The pulse having a width t1 is accordingly produced from
fhe one-shot pulse-generatihg circuit W1. A driving

.25 . pulse having ; width t2 is generated from the one-shot



5 pulse generating circuit WB at the falling edge of the driving pul se and
both the flip-flop circuit F and the one-shot - pul se generating circuit. W
are triggered by the falling edge thereof. An input D of the flip- flop
circuit Fis supplied with the output of the 10 conparator CM and_.this
output condition is read to the flip-floop circuit F. Specifically, t¥rs
. step is to judge whether a Ieve1-of.'n?§ced voltage at the falling edge of
the pulse fromthe one-shot pul se genefdting circuit WB is greater than the
reference voltage vr or 15 not. If it exceeds the reference voltage, 'the

o ! AR SRR ok s BRI
0N O Uil R oo Trhe PRty Borithio o 0L cONGIREL 11 2

uCel ol 20%néh Athe AbEViRg Gurtehp Elokd BROGNESECDY LAC oge- shot™

pul se generating circult a I hg e the pul se fromthe

one- shot PG M fid "W fidﬂ‘x'iés\/\@s_§5o&rﬁ&eaukiﬁma%ﬁﬂcbﬁhe§h%th t he
one-shot pul se generating 15 circuit W becones a clock pul se input of

e U Syl ki iy sasbent 1, Locias ELaLLS] bagurseoensd by e
the wi dt h drivingepulgelaied both the flip-flop circuit F and the

onerhot"pnISe generating circuié ﬁfréré triggered by | _
the falling edge thereof. An inp&%aﬁiof_tﬁe' flip- -~
flop*cireuit F is supplied with the dufput'bf the |

10 _comperator CM, and this output condition is read to the
fiip;flop circuit F. Specifically; this step is to
judge whether a level of induced voltage at the falling
edge of'the'pulee from the one-shot nulse generating
eircuit W3 is'greater than the reference voltage vr or

15 not. If it exééeds the reference voltage, the output of
tne fiip;flop EErcuit.F comes to "1", and the counter CT
is hronghr into an up-count mode. Namely, in this case, \;j
it is'jndged that” the width of the driving pulse is. |
small and the'pulse is not generated in a highly

20 efficient manner in the vicinity of the maximal point of
the induced voltage. |

A nulse having a width t4 is produced bf the one-

shot pulse generating circuit W4 at_the falling edge of-
the pﬁlee from the one-shot pulse generating circuit W3,

25 The puise'aSSOCiated with the one-shot pulse generating



5 fromthe-one-shot pul se generating circuit WB is.. increased.

- After this operation has been vrepeated the counter content becones m
and the driving pulse width as illustrated in.Figure 4a, is t'2. = At. this-
time,if 510" the level of induced voltage at the falling edge of the pul ses
of the ofMe-shot pulse generating circuit. WB is |lower. than-the reference
voltage, the output of the flip-flop circygt Fis, as shown in Figure 4c,
inverted to "0", and the counter CT is put into a down-count 15 node.

Hence, the content of the counter CT is decreased to (m- 1), and the width
of the next diiikicud P4 beconcsi s asll dok opelsé epnpdbeot!r thé ngownter Wi dt h
is changed over alternately to t2 and the width smaller than t2 by one 20
step, thus acltigvwhireby diie cinttent |of t the cuqnteheCﬂrislhqcpeasedwndth ,
automatically achieves a predeterm ned value at the optimal timn thereby
stabilising t by opesi fiBwenwibey couple, as ihlustoatedictn rFbgparex only
the driving 25 pul se width |s aqby:ted The arrehgenent I S not,

‘however, confbesomes tn s 1)a prEherefere s the-wideh of cthe WPeB“h%et he:
one- shot pulse generating circuits, W and W8, and the uIse wi dt h t her eof
may properl5y fxogyjthea- WQﬁmm%£%?W§%m EH3¢3® counter

increased. :
After'this operation hasnbeen :epeated, the
(O ~counter content becomes m, .and the driving pulse width,
as illustrated in Figure 4a, is t'2. At this. time, if
10 the level_ofaindﬁced voltage at.the falling edge of the
pulses.oflthe-one-shot_pulSe generating circuit W3 is
.1ower thah-the:reference voltage,, the output of the
-flip-flop circuit F is, as shown in Figure 4c, inverted
to "“0", and the counter CT is put into a down-count
15 mode. Hence, the content of the counter CT is decreased
to (m - 1), and the width of.the:next-driying pulse is
reduced by one step. :
+<n -The driving pulse width is changed over
altefnately to t2 and the width emaller than t2 by one
20 step, thus achieving a stable state.
| 'In this way, the driving pulse width automatically
achieves ; predetermined value at the optimal timing,
thereby stabilising the specified swing angle.
In the abeve-described example,.only the driving
25 pulse width is adjusted. The arrangement is not,



5 CT. For instance, where the swing angle of the pendulumis set to a snmall
~value, it is necessary to-stabilise the tines:tl to t3 to assune, as
illustrated in Figure 5a, a slightly lengthy configuration. It is because

t he anplitude-of the induced-voltage is, as shown'in Figure 10 5a, :swualler
than the stable state that the variation is noderate. If the sw ng Qﬂble of
the pendulumis set to a |arge value, tige anplitude of the induced voltage
is, as depicted in Figure 5b, large in a stable state and the variation

t hereof is, in consequence, sharp. Hence, 15 the driving pulse wdth may
be small. hbwekvekhceohFinedetes ik, f 0 Prodrdiable tehd-slist be '
stabilised within a relatively shorter tine than that of Figure 5a. A

rati o of theitcattt 8ekveshast ithes onk-ahbdt pulsd-igpnerdning clifdwitent . from
that in Figure 5b. The stability of 20 the swing angle is set by adjusting
“this rati o.Wi1FandeW3sphaad then pullise niidthsttiiedeaf) nay tproperly down in

Fi gure 5b, the pul se widths of the one-shot pulse generating circuits W to
W8 are so sadjustediin agcordence mitds the cantentiioh thegeunter gure 5b.
25 Consequently, the setting is so perforned that_ the 17 indivi dual

pul se wi 8t €T wayFpE iastagcescyhere the swing ange afidhe peadulive
content of the counter CT. _The tines t1 to t3 are autonnt-i%ail.i%/ adj usted in
the fol | owi &8 ﬁﬁﬁn@?,atﬁé‘r‘éﬁ'yv 1 ii& df Desessayy to-stabilise

the times t1 to t3 to assume, as illustrated in Figure

5a, a slightly lengthy configuration. It is because the NS

amplitudeﬁof the induced voltage is, as shown in Figure
10 5a, smaller than the stable state that the variation isln
modérate.  If'ﬁhe swing angle of_the pendulum is set £0'
a large value, the amplitude of the iﬁduce@'vqltage is,
as depibted_in Figure 5b, large in a'stablefstate and
‘the variationlthereof\is, in consequence, sharp. Hence,
15 the.driving pulse widtﬁ may be small. It i; therefore
ﬁecessary for the times t1 to t3 to be st#bilised within‘
a relatively shérﬁer time than fhat of Figure 5a. A
ratio of the time t2 to thé times t1 and t3 in Figure 5a
is.different from that in Figure 5b. The stébility of
20- the swing angle is set by adjusting this ratio. For
example, when obtain}ng stability in the staté'shown in
Figure 5b, the.pulsé widfhs of the one-shot pulse
generating circuits W1 to W3 are so set that the.
respective'times have the ratio shown in Figure 5b.

25 Consequently,-the setting is so performed that the .



5 swing angle. Provided.that the pulse wi dths of the one- shot pul se
generating circuits WL to WB are-set to the value of Figure 5b on the basis
of the cepntent of the counter CT in the initial- state, the power source is
then |npb{Y ted to start swinging the pendulum 10 Initially, the swing angle
is small, and hence the induced voltage approximate to that of Figure 5a is
produced. For this reason the induced vol{pge is in excess of the reference
voltage at the falling edge of the pul ses fromthe: one-shot pul se
generating circuit 15 W3, The driving pulse width is judged to be smal
and the cont edindifvidual pulse widthstmaycbg vaciedskédepyngnthafheatises t1
to t3 are each set to becone | onger by one step. The tines t1 to t3 are

i ncrement ed stigp adoordance petkth nthe heonbent aof othe dbmumsterh€Tdri'ving 20

- pul se widths gradually increase. Following this increment, the swing angle-
of the pendutum gr a®ihe |§ﬁmﬁgnﬁ&n§pat3|areeabtomebhcmulyhaﬂjusheﬁginThe
anplitude of the induced voltage increases with this augnentation. There
comes a st age %r‘fqlﬂé%u}% '&3‘!&#5& ukherebycstabilisinga p@?%érﬁﬂdt h. Then
t he counter change e down: cou npde. _The tines t1l

to t3 dinmim sﬁ ilifﬂ d‘by ?‘F@V nﬁlﬂ?éhth?h%‘%ﬂ\?n %%?e°5ft¥‘ﬁe°ﬂﬁndul um
decreases s | Uhidy RN et ad o "9 2051 8L %P ES WS " OBSE b OB ©
value of Figure S5b on.the basis of the content of the

o - counter CT in the_ihitiél.state, the power. source is
then inputted,tO-ét&rt-éwinging the pendulum.

10 Initially, the swing angle.is smail, and hence the
induced voltage approximate to.that'of Figure 5a is .
produced. For this reason the induced voltage is in

. excess of the reference voltage at fhe falling-edge'of

_ the pulses from the one-shot puise generating circuit

15 W3. The driving-pulse width:is judged to be small, and'

" the content of the counter CTgis'thereby_increased by |
one. The'fimes.tintd t3 are_each set to become longer“
by one step. ~The'times t1 to t3 are incremented step
wise'by'repeating this pperation. Thus; the driving

20 pulse widths graduaily increase. followihg.this
increment, the swing angle of the pendulum gradually
augments a little bit behind that timing. The amplitude

'of the induced voltage increases with this augmentation.

There comes'a stage when there is a surplus_in thg

25 driving pulse width. Then the counter CT is changed



5 approachi ng the_state'depicted in Figure 5b, and finally this state is
brought -into stability. That is, automatic adjustnent is effected so that
the driving operation is efficiently carried out with the optinmal driving .
pul se width at the maxi mal point of the induced 10 voltage. On the ogther
hand, the pulse width t3 of the one- shot pul se generating circuit W is so
set that the level of induced voltage iggdecided at such a timng as to
obtain the easiest judgenent of the induced voltage. 15 However, the
setting of the pulse width requires consideration of the follow ng
condi ti ons. oWearmtiché¢heidovri~-count mbded rTheitimesnet atdytsor
approximately 1 nms when the driving pul ses term nate. |nasnmuch as the
i nduced vol digdndish.he Railowad | by cthe tdiwinution; | the swinggangle -
‘occurrence of this ringing, there exists the probability of a malfunction
occuring ifofh&hey umy Arereares iightly | behind sthatictimingg this
period. To cope with this, the output width t3 of the one-ghot pul se
generating circui Thes korementi @perations (are repeakedn ths i nging
takes place in order, th 19 the |level_ of induced yolta n be judged
under 5t 31 BPBERACHERG the, atare, sherichad in FieHR e A8  FLabynt
control is ghhected oy qpking bfle AWS SIS, YFhat 15,
| automatic adjﬁstment is effected so that the driving
operation is efficiently carried out with the optimal | '\;)
driving pulse width at the maximal point of the induced
10 voltage. |
On the other hand, ;hé puise width t3 of the one-
shot pulse generating circuit W3 is,éb set that the
level of induced voltage is decided at such a timing as e
to obtain the easiest judgement of the induced voltage.
15 However, the setting of the pulse width requires
consideration of the following conditions.
From the coil L1.is produéed ringing generally for
approximately 1 ms when the driving pulses terminate.
Inasmuch as the induced voltage of the coil L1 loses its
20 stability durihg_the occurrence of-this rinying, there
exists the probability of a malfunction occuring if the
judgement about the induced voltage-is made during this
period. To cope with this, the output“ﬁidth t3 of the
one-shot pulse generatihg circuit W3'is set to exceed

.25 the time for which the ringing takes place in order that



5 one-shot pul se generating circuit W2 variable. The reference voltage
may, howeyer, be adjusted by the.outputs of the counter CT, which '
adj ust mrent i nvolves the use of a variabl e-voltage source serving as the

ref erent® vol tage source Vr. This adjustnent of the 10 reference voltage
permts &djustnent of the timng at which the driving pul ses are generated
as well as that of the pulse width of thq one-shot pul se generating circuit
WL. In this case, both the w dth of the 'driving pulse and the timing of
generation are adjusted 15 sinultaneously by adjusting the pul se width of

enbodi ment . sHHe; JOPR SO Sjeall qeh W U Bhapte

determ ni ng tggnaiFéonstining at which the driving operation is initiated

and 20 anothér rererence voltage for judging the level of the induced "

voltage af ter term agl ihia @hovetdlides it Rattid ient Mihd AitBnatafer ence
I e on

vol tage may be nodi he basi's of the content of the counter CT. For

i nstance, thecyatirdll As' @fifited By talki il gshise WAL of aflms ence
vol tage source, and the voltage thereof is 20 changed over to a voltage

cor r espondsngohe-shotc puled generuting divcuit K2 waktiablea ®hé od for
whi ch out put pul ses are generated fromthe one-shot pul se generating -
circuits V2 tpefiérefives valtagse may, howevest e iatinsted by the
. outputs of the countér_CT, which adjustment involves the
— use of a vafiabie-voltagé source serving as the
| reference voltagé source Vr. This adjustﬁent of the
10 reference.voltégé permits adjustment of the timing at
which'thejdriving pulges aré'generated as well as that
‘of the pulse width of the one-shot pulsé generating
circuit Wi. In this case, both the.width of the driving
pulse_and.the timing of genération are adjﬁsted
15 siﬁultaneously.by adjusting the pﬁlse:ﬁidth of the one-
Shgﬁﬂpulsé*generating circuit W2. -
o In_théfaforéﬁentioned.eﬁbodiment, set to the same
vbltégégvr are the.referehceuvoitége.for determining the
timiﬁg'ét”ﬁhiCh the driving operation is initiated and
20 andéher'féferenée volfage for jﬁdging the level of the
. .ihduced voitage'after termin&tion of the driving
| operatioh.' Thellatter reference'voltagg may be modified
on the basis of the coﬁfent,df the counter CT. For

instance, the'variable-voltage soufce is employed as the

25 reference voltage source, and_the voltage thereof is



5 equivalent to that of adjusting the pulse width of the one-shot pulse
generating circuit WB. In general, the anplitude of induced voltage is
i nfl uenced by fluctuations in voltage of the power source. If the anplitude .
of the induced voltage 10 fluctuates, the tim ng when increasing over,the
reference voltage deviates, resulting in fluctuations both in the '
drive-timng and in the driving tine. I120this enbodi ment of the present
invention, the reference voltage vr is set to a | ow val ue having | ess

i nfluence 15 on the fluctuations in voltage in order to mnimse the

I nfl uence  dehanged over totaatoDirege rcoxaéspending heo pthercontent.
Subsequently, there is created. a delay equivalent to the time t1 after the
occurrence of:the eoyntenfCT nlyrjurineora @Pediodefor wiichecowbputhot 20
pul se generating circuit WL. Fromthis nonent the drive is -started. If

f1 uctuat i onpulsesolaregesenatked fAxon sthe enershobPulfe gerexating

consi deration, the one-shot‘fulse aenerating circuit WL is unnecessary and

" the out put ﬂf?ﬁét@ﬂ%_ar"&-’t&f <M Rreangenent hag 2 | §ignidicangeone- shot
PioE 9ERe Gl iat, of b Clnd 0I5 SEH HELOFBE AT *
A o OBRES ! SuiY inip s L s 0 1N 1St iy be
: In general, the amplitude of induced voltage is '
influenced by fluctuations in voltége of the power ' O
source. If the amplitude of the.induéed.voltage |
10 fluctuates, the timing when increasing'over the
rgference véltage deviates, fesulting.in.fluctuatiohs
‘both in the drive-timing'and in the driving time. In
this eﬁbodiment of the present inveniiqn, the reference
voltage vr is set'to a low valueihaving leSs influence
15 on the fluctuations in voltage in order to minimise fhe,
" influence derived from fluctuations in voltage of the
power'source. Subsequently, théré is created a delay
equivalent to the time t1 after.the occurrence of the
output of the qomparatqr CM by means of the one-shot
20 puise'generatiné circuit Wi. From this moment the drive
'15 started. If fluctuations in voltage of the power .
source aré not taken into consideration, the one-shot
pulse génerating circuit W1 is unnecessary and the
outpht of-thefcompératqr CM may be supplied directly to

25 the one-shot pulse generating circuit W2.



5 node of the counter- CT.remmins invariable during a sequence of three
driving pulses. In this case, a-ternary counter is provided between the
ohe-shot!.pul se. generating circuit Wt and the counter CI The arrangenent

may be sggh that this ternary counter is 10 reset for every inversion of
the output level of the flip-flop circuit F. This nmakes it possible to
prevent mal function caused by noise or thgelike. Next, another enbodi nent
of an el ectromagnetic driving circuit according to the present invention
will 15 be discussed with reference to Figure 6. A reference voltage

generating Source'\”Iﬂ”ﬁﬁg“iﬁbiéldgéﬁfiﬁﬁaVéﬁﬁaaem¥ﬂfgggcé§%%glgﬁ%g ted in

Figure 7, is of a |lower |level than in the previously, ri I ments

.The el ect r omagnetduppiied o At Wduwter G'Névért_aé:ﬂﬁlﬁg 2Pulgél Cukpbs
Gl, &, a gate circuit G3 which constitutes an inhibit circuit, and a

one-shot  pul sexpmple; i however,ithe\icdntentnof athéJcopuhter €Rctofavhag a |
width t5. In this electromagnetic driving circuit, the permanent.magnet is
as depicted i fifshrtine may e | inktresised| bygené) 1Hfthécupeddwh lcoant
conpared with the.reference voltage vr 22 by nmeans of the conparator CM
| f .the i nd@ce@ofds afycthe counter QT rxemains imvartable duringess of the
ref erence voltage vr, the conparator CM produces an out put whereby the .
one-shot pul s&eg@enqe 9§ Ethresidrining pulses. In this case, a |
' | tern#ry counter is'provided.between the one-shot pﬁise.
~ | éenerating circuit W4 and the counter CT. The |
arrangemént_miy be such that_this'ternary'counter is
10 reset for every inversion'6f-the-output'leve1 of the
flip-flop circuit F. This makes it possible to prevent
malfunction caused by noise_o: the like. |
Next, another embodimenﬁ of an electromagnetic
driving circuit according to the present invéntion'will
15 be discuSsed-with referénée to Figure 6. A reference
vdltage generating SOurcé Vr produces a reference )
voltage which, as illuStrated ih"Figute'7; is'of a lower
;,lévéi.than'in_the-previously déécribgd“embodiments.“ The..
'elécfroﬁagnétic driving circuit of Figure 6 has gate
.20 ci:cﬁitS'é1)G2, a gate circuit G3 which constitutes an
inhibit circuit, and a one-shot pulse generating
.circﬁit WS-fot“generating'pulses each'having a width ts.
In this electrdmagnetic driving'cifcﬁit;'tﬁe'permanent |
magnet is as depicted in Figure 13.  The induced voltage'

"25 of the coil L1 is compared with the reference'voltage vr



L4

5 is triggered to the gate circuit GL and a pul se having a width t1 is
generatéd at the output thereof. At the maximal point of the induced
voltage, the-width tl is preset to a period extending fromthe tine when

t he ‘i nduced voltage exceeds the reference voltage to the 10 tinme when a
driving pulse is generated at the optimal timng. To be specific, e
one-shot pul se generating circuit W2 is2Briggered by the falling edge of

t he foregoing pulse and a pulse having a width t2 i's produced by the out put
thereof. This driving pul se 15 causes the transistor T to be turned ON and
t he -dri vi ng R¥umeans wgntm osemparakercEMe | If the dnduced: vpltage
generating circuit Wb is triggered by the_falling edge of this driving

" pul se and aﬁﬁﬂsﬂﬁtﬁ%AFEF%PVﬁ%tﬁntgiggrgeﬁéra@@de§939ﬁe°5uﬁb§t 20 t hereof.

‘This pul se and. the previpus drivin ul se are, supplied to.the gate circuit
O Wi o etanands Wafties YEnmEhe CPBRanahor, L PRRYUCER ABnce of oach

ot v ouel i, \EL URR, bhe B bltbe SeBbPRLERS, Fip RN,
(7198 o6 1oy WRdAdRR o el 000 LESURVAT MRS BRI
;i‘;:gggcfh\e’@r texffeh?ceﬁ’ngt:ei_\slibf%egx‘é?r&%' §YCthe! Hﬁtbﬁé”ﬁﬁét&Bﬂ?Qﬁt‘ BheONE Cases
maximal point of the induced voltage, the width t1 is |
preset to a period extending from the ;ime"wheh,the | <
indﬁced voltage exceédgqthe refefence_voItage“toathe |
10 'time when a driving.pulse is ggneraféd_at the;bptimal o
timing. To be specific, the one-shot pulse generatin§
circuit W2 is triggered by the falling edge of the
fpregoiné pulse and a pulée having a width t2 is
produced by the output thereof. This driving pulse
15 .causes thg transistor T ﬁo be turned ON and the driving
current then flows in the coil Li. '
The one-shot pulse generating circuit W§ is
triggered by the falling édge of this driving pulse and
a pulse'ha§1n9~a width t5 is generated by the output
20 therebf, This pulse and the previous driving pulse are
Supplied to the gate circuit G2, while the gate citcuit
G1 rémains closed during the occurrence of each
individual pulée._ Namely, even if;the output  is
produced from fhe comparator CM, the one;shot pulse

25 generating'circuit W1 is never triggered for the times i



5 excludi.ng the maxi mal point and in such a situation a generation of
driving pul-ses is prevented. It is to be noted that the output of the
one-shot pul se generating circuit W is fed to the gate circuit & and the
gate cinguit GL may -continue to be closed for 10 the time t1. The output of
t he one-%hot pul se generating circuit.W is (though not stated in the
description given above) fed to the gate23rcuit G3, and the gate circuit
G3 renmi ns open during the generation of its 15 pUIse Hence, if the
conparator CM ceases to output during that period, the one-shot pul se
generating citeuand &5 shovwndn/\§Figure Shetthepeby IRrestankingice of the
driving pulse I's thereby inhibited. This action is intended to prevent

mal f uncti on aﬂﬁifﬂmpé‘iﬂgono@@ Feaspn fox dhis dia dhate kegause the

mexi mal point. y when continuously exceedi ng the re ence_vol { age over
the time t1, rsgewﬁn&@emweoémai@aﬂm 9%}8@&%«5&5 inAyerd case

al one, the drivi ul,se ma ener at e bove descy. bed
construction, 8#&% éQﬁ@ 9%%% éiﬁ?g%S depi ct ed

o s B AT Y n?:‘fq ;m&'e Bl 2,0 ©
small. Furthe heaaaa%at&%% Ot ing ik dd' A fafdVerftled Ne comparator QMi's -
- It is to be noted that the output of the one-shot
N | .pulse generating circuit_w1 is fed to the gete_circuit
| G2 and ‘the gate circuit G1 may continue to be closed for
10 the time t1. _l | B |
The output of the one-shot pulse generating
'circuit.WI.is (though not stated-in the description_
given.above)-fed_to the gate circuit G3, and the gate
.cirouit G3 remains open during the generation of its.
15 pulse. -Hencey-if-the=oomperator CM ceasesoto output
| '_ during that period, the one-shot pulse generating
;circuits W1, W2 and WS are reset, and the-occurrence of
_the driving pulse is thereby inhibited. This action is
.intended to prevent malfunction attributable to noise or
. 20 'induoed voltage except at the maximal point. Only when
continuously:exceeding.the reference voltagejover the
- time t1,lis it‘deemed to be.a maximal induced voltage.
In this.case alone, the driving pulse may be generated.
In the above-described construction; even if the’
25 amplitude of the induced voltage, as depicted'in_Figure



5 as that shown in Fi gure 7A.
pul se does not substantially deviate,

surely at t

“the former ZﬁsediFﬁeiahﬁﬁwhg BGer

he maxi mal

poi nt of the |ndu

20 effects® 19¥ igvﬁ

the coil.
achi eved' .

Faoai bl ot %&éﬁnsﬂérﬁﬁébﬂe b pwg"rf%%% ke, SLi15 HAE d Ao 10 neverore

nl at ri S
horgo apdl ek

feasible to

directi of of gt PRagObhofth 1RCFi RO 7ATE N Hetide! ‘the g@%érﬂﬁiéﬁ'ﬁlﬁiﬂ&)

trme required for “asse y. FuthernDr

reduction in

poi nt of induced voltage. The situation is the sane
"in the case where the induced voltage increases in 10 anpl i t ude.

above-descri.bed exanple, the explanation is f ocussed on the blpolar
arrangenent depicted in Figure 13 but t2%e application may include the use
of .such a magnet arrangenent as shown in Figure 10. 1In 15 this case, an
illustration of the induced_voltagﬁﬁyaveforn1|s gi,ven in Flgure

$he

Hence the generation.ti.-ming of the driving
and the: driving pulse can be produced

gnet

As in

efprenceo yoi tage ¥ | is,159% &% mxi mal

olta es nt |nvent|o rOVI t he follow ng
acﬂ“giﬁlt@g@o ng dn % except Tor

2 aftrehaly. 2 a@%stie Casi C&i* - Hni ar

provides a of the driving pulse does not substantially deviate, and

10

15

the drivin

point of induced voltage. The situation is the same in |

the case w

amplitude.

g pulse can be produced surely at. the maximal

here the induced voltage increases in

In the above-described erample,.the explanation

is focussed on the bipolar magnet arrangement depicted

in Figure

13, but the application may include the use of

such ‘a. magnet arrangement as shown in Figure 10. In

this case,

waveform i

an illustration of_the induced voltage

s given in Figure 8. As in the former case,

out a

he present invention

the driuing current flows through the coil at the maximal

‘point of t

20

The
effects.

components

The

he induced voltage.
present invention provides the following
It is practicable to integrate all the

except for the coil. Miniaturisation in size

.coil can be_driven constantly with high

efficiency regardless of the direction in which the coil

25

is wound.

It is therefore feasible to assemble the

~



5 construction which is substantially unaf f ected by noise of a power source
and is suited to integration because there is no provision of a capacitor.

The dri ve- timng and/or the driving pul se width is adjusted by judging the

| evel db~The induced voltage at 10 a predetermined time after termnation
of the d&ki/ving pulse and hence automatic control is effected so that the
driving operation is performed in a hlghbg efficient manner invariably at
t he maxi mal” point of the induced voltage®® The pernanent magnet can
efficiency be driven 15 with ‘a stable anplitude. I'n addition, it is

possi ble to %&i@s p@@ﬂphﬁpcgﬁgipgg“ihgg ti’ledkvfifnari?%l' &%%rﬁ% Ofltpet the

optimal tim dar ing time riving current is

arranged to fé&ﬂ'gtt Eﬁezgfl.mﬁob!f Hahdfactare), ahasRadis Ui‘iﬁgﬂbﬂw‘éhe

i nduced voltage of the coil 1's in excess of the r.eference t age, whereby

the referencoryghtE8nCan RendCreguiteteirer ¥®lskmbay.| evel . By virtue of
this arrangenent, the timng at which the driving pulses are generated 25

‘under goes al most nophBhkiabee,C thecpresentudnventdion providds. aplitude of
the induced voltage. This permts the driving current to run through the

coi | const&ntéynstrubtionswhathi disesubsitantdaltiynonafifectedh biyacaigeg and
assenbllng processes do not require so high accuracy as
: of a power source and is suited to integration because
there is no provision of a capacitor.
/ ' . The' drive-timing and/or the driving pulse width is
” adjustedvhy-judging the level of the induced voltage at.f'
10 a predetermined time after termination of the driving'
'puise, and hence automatic control is effected so that
" the driving-operation is.performed in a highly efficient
manner invariably at the maximallpoint of the induced
voltage. The permanent magnet can efficiency be driven
15 with a stable amplitude..
- | In addition; it is possible to drive pendulums
| 'ieach having a. different inherent cycle at the optimal
timing during the optimal driving time.- _
The driving current is arranged to flow in the
20-'coi1 with a'delay of specified time when the induced
'voltage of the coil is in excess of the_reference-
voltage, whereby the reference voltage.can be set at a
relatively low level. By virtue othhis_arrangement,
| the'timing at which the driving_puises are'generated

25 undergoes almost no infiuence caused hy fluctuations in

A



5 does the conventional electromagnetic driving circuit described above.
This results in sinplification of these processes. After the output has
been ggenerat ed once fromthe conparator, malfunction due to noise and
|nduéed voltage 10 except at the maxi mal point can be prevented by ,~.

prohi biting regeneration of the output of the conparator during thee¥tting
- process and by generating the driving pgl ses only when the induced voltage
is continuously greater than the reference voltage over a predetern ned 15
period. 20 25 27 CLAIM5S 1. - An electromagnetic-driving circuit )

conpri si ng:ampTothdéobfdehecihdficaddvelitagRd TR MR tREH ; 2
conparator circuit arranged to conpare an i nduced voltage of said coil with

a ref erencadybvingecusrent to run theouphl thegeodlaidonstantay tatcoupl ed to
the conparator circuit for generating.a driving pulse having a

predet er m richie ihdst efifieienbstiminghe Henhpe!, ¢hesmatufacturingcamngr at or
circuit; and a driving circuit arranged to receive said driving pul se of

sai d pulseeéﬁﬂﬁmhding poocessesr doi no&nrrequireuse highi aiccyracy e to flow

t hrough said coil_ during sugply of said dr|V|ng pul se.
-does the conventional electromagnetic driving circuit

described above. This results in simplification of
" these processes. _ |
After the output has been generated once from the S
compa:ator, malfunction due to no;se.and induced voltage |
10 exqept at the maximal point can be prevented b}
| prohibiting regeneration of ghe output of the compa;atof,
during the setting process and by generétihg the driving
pulées only'vheh.the.induced voltagé is continuously
greater than the reference voltage over a predetermined

. 15'_period.

20

25



2 . An electromagnetic driving circuit as clalned in claiml including a
judgenent circuit for judging a level of said induced voltage at a
predetern1ned timng 15 after halting generation of said driving pul se,
and @ cqitrol circuit for controlling tining and/or pul se width of said
next’ dr|§fng pul se on recei pt of an outp@ﬂ of said judgenent circuit. 3.

An el ectromagnetic driving circuit ‘as clainmed in 20 claiml1l or 2 in

whi ch the pul se generating circuit is rapged to generate the driving
pul se with a predeterm ned tine délay—&h@ﬁﬁg%ﬁeration of the output of said
conparator circuit. . . 28 4. An el ectromagnetic driving circuit as _
claimed in any preceding clain1including a prohibit circuit for prohibiting-

supply of saig.out Py 619BY3BAoARNAR BX0ny edbbult Sdruiag.Oanerating

circuit during.a 5 preset r|o froma erm ned timng after

generation. ofcaandfastautehtgﬁ?saha A24Ranhd! @' permatieht Ragned? a
el ectromagnetic driving circuit as claimed’in cIa|n14 when dependent upon

claim 3 inctudompazatorhichireuiti aewahgear tonkohphiragahhengeeegati on of said

driving 10 pul se fromsaid pul se generating circuit when said out put of
saj d conpar at ¥yeltageuot daidonbdﬁuwith|ahrefezedcprsddtagsbnadonene delay
6. . An el ectromagnetic driving circuit-substantially

o 5 shot pulse generatgng circuit coupled to the comparator

circuit for generating.a driving pulse having a .
_ N -:predetermined width in response to the-output of said.
| .comparator.circuit; and aidriVing circuit arranged to
receive said driVing-pulse of said pulse generating .
10 circuit'and to cause a;drivingICurrenp_to flow through
lsaldfcoil during-supplf of said"driving pulse. _
-2;_ - An electromagnetic driving circuit as claimed in
claim 1 including a judgement circuit for judging a
'-level of said induced voltage at a predetermined tim1ng
15 = _after haltzng generation of said driV1ng pulse, and a
| .control circuit for controlling timing and/or pulse
' wldth.of said.next driving pulse on receipt of an output
of3saidfjudgement circuit. |
3. - An eleCtromagnefic.driving circuit as claimed in
20 _claim.llorfz in which the pulse generating'circuit is
' arranged to generate'the driving pulse with a
predetermined time delay from generation of the output

of said comparator circuit.

LT



as herein described with reference to and as shomn in 15 Figures 1 to 8
of the acconpanying draw ngs. 20 25 .

28 - U3

4. An electfemagnetic driving circuit as claimed in
any preceding claim inclﬁding a prohibit cifcuit for
prohibiting supply of said oﬁtput from said comparator
circuit to said pﬁlse generating circuit during a |

5 preset period from a predetermined timingﬁafter
generation of said outpﬁt from said comparator circuit.
5. An elecﬁromagnetic dfi%ing'cireuit as cleimed in
claim 4 when dependent upon claim 3 including an inhibit
circuit for inhibiting the generation of said driving N

10 pulse from said pulse generating circuiﬁ wheﬁ said .
output of said comparator circuit discontinues within
said predeterﬁined time delay. '
6. An elecﬁromagnetic.driving circuit substantially

as herein described_with-refefence to and as shown in

15 Figures 1 to 8 of the accompanying drawings.
20
25
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