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According to a first enbodinent, the first and third coils are connected to

supply neans arranged to supply these first and third coils so as to drive

inrotation respectively the first and second rotors. The second coil is

connected to means for detecting the rgtation of said first rotor or of

said second rotor. In a preferred alternative enbodi nent, smApdlezmzl on

means are arranged for dete ero crossin of th 18 i ced.voltage in

t he SGCOHGFJC%?F'V\ﬁgﬁog cfuﬁf tggﬁﬁd“?égb%%l?og8} §%r % @e%tlf\%:l f%‘it uat ed

in a rapi dsemom@nﬂnhgnebscopeﬂe@ reglumcél)byddafmsugptyerrﬁmtarstzmgad for

this purp n e ct B

supply megr?fgl gwﬁ' e%]aelt%egggggacéﬁa ) %ggn%%lgaégﬂggute%gcluoe]}

t he i nducetefbhinge tihve tS@@@@oauac@m dﬁ@l@ssé‘bezérustl'heses:ppld/ anadans are

arranged t a S t I en they
©hPFd R.a%nte%l ’]éés Q‘%ep‘lléé éé.‘t%%og c%J-H-P%m 3 de %8 tt%ge\:%

receive one sald n seco e transducer
accordi ng £brshe Eimg%nplforflltwe. sé@ﬂmlctoandrm*yhiséﬁeéﬁagﬁeﬁiplge qomeected to

t he suppl yrﬁ@ﬁ@éti@e?ffd%reaﬂrfgecfif@ta §HBBhH %H{d etE'ﬁlPEl @ iTRansgdor

detectlng t ot ation of first or second sel ectivel Yy actuate rotor.
In a prefefeednd| ©ndfatPfe these Ei5eEondEaeARAi ARG  thhedsd@emeir | is

el ect 11 cal dor69NBECHGcbinELELASLE! al BeBRA Lalrt! o had igeteor yheat hird
coil accordlng to e; er the first or secon rot or JS actu ted in rotation

in a stepptP opEl&tshInodEheand MITRRE iF or FRRCYOHEd  ©330 ARE$ 2002
det ection érp@@zsrcyﬂi@fhaaurggl & reinseiddriuous operating node is acti vated. The
present invention w be _descti bed in, detail rei nafiter b ns of the
fol | owi ng descr¢t9% ln%ﬁ% %i threEs 8?‘Bﬂ§émﬁ8tfh§%ﬁ?ff a{vﬁ% 8 gi ven
by way of ewilki mirts nuprexeaped, tion s/\&p;mly.meaﬁlsgwm:aingedatsctmrmhc top

vi ew of an tr, h a n er C rd| e;lnve oupl ed
to two i nd%lgésger‘?gn%%o%}llél ‘:a}i;égl ?%Lﬁslzi %ﬁrg thg %P%‘?%sshsecrg%%{]orﬁong t he
line |l-IIrespécgivetylthadfibst- aRdgseeord xoatomap vihew scendiestil part of
the stator; of sduc fs r p agn he two
rotors of t ec%qugﬁé ?]?e(r%bg{er?gl sh@o% cg%%ee%%ﬂ?%agpga%I&étgur e?% Qilaand 6
show respeki¥rg8l yrawer s@¥pl 9fcuabht Slem?Ca’l%eP-’@@tOé”d- séppl§ @G'elfeltlﬁ%dl nduced
vol tage i naﬁtQ?ﬁﬁE'i{/@neﬁ@obﬁ}ﬁer& S Wid 1 90861 bAEmedRd e 35[!:%&

rot ati onal speed of the driven rotor as a functl rotatlon
in a rapi df9F {BReFhRsZEER WBFE DRIt PhgER® é’ ?—ég\ﬂ?%'éagg Bna'l"kleg show

respecti vesgcbhd subally wnEahen*sallm afselsact edldsusplcprabl Irottdsuesl rwlused
vol t age in a degect as. a, function and the an

f tine
rotati onal SSpEEHEF ?’h@ aﬂfe‘?fi rbeof §?pd‘4)u?1’6|tf:8ﬂt5puf)ﬁ5 aty a%+ngot ation
in a rapi dnodecbyt itheousugpplkwaednsparatangedofier this purpose, the

detection means being electrically connected to the supply

means to which they are capable of supplying an input
signal when the induced voltage in the second coils
crosses zero. The supply means are arranged to be able to
reverse the polarity of the supply voltage when they
receive one said input signal.

In a second embodiment of the transducer according to
the invention, the second coil may selectively be
connected to the supply means in order to receive a supply
current or to means for detecting the rotation of the
first or second selectively actuated rotor.

In a preferred alternative of this second embodiment,
the second coil is electrically connected in series or in
parallel to the first or the third coil according to
whether the first or second rotor is actuated in rotation
in a stepping operating mode, and to the aforementioned



- Figures 10, 11 and 12 show respectively the sane vari abl es as those of
Figures 7, 8 and 9 but in a case where a two backward step command in
rapi d operating node has resulted in an additional rotational step of the
rotor; - Figures 13, 14 and 15 respeciively show the sane vari ables as
those of Figures 10, 11 and 12 also fox a two backward ste30 Aprih20@8Ri n a

e corr ety Srf e aghe b i aBI R R EIERY pERR Ity MR P T op

vi ew of a BRcWPRLEHRSHH ment of an el ectronechani cal transducer according to

the invention. ’fhéib%Esf’eFf‘EOdiﬂ’(fé}EtPSna%ﬁLleclBé0@%_%*&@:@5‘&{ § hargAucer
according to the invention wl e described hereinafter with reference to
Fi gures 1 hersingften| byemaaisedf | thee foldestinerdeperaPbions aads or. The

transduceryLOAPELEBSeACE! 8b0thé I Mbd UPAWiAgaNdgvERSBECHIaYelor housed
intwo rotor cages 8 and 10 nounted respectively in ftwo stafor openings or

hol es 12 AP 1MoRftine PR A8t Wddator part 16. Stator 2 al so conpri ses

three magnetic cor esig¥rel91angds20 o eiegémy ey beap NoviBwee ooi laxy 22, 23
and 24, and, a second stator part 26 used for cl.osing the magnetic, circuits

or paths oflFREFPPERBARLER LAY FEr BCCREAINGS %R of PR altVERtHE™ nes
first, secesupbbed tditwb nNagieglendent escd&kia?9whed13). Magnetic pole 28 is

electrically connegied to the first end 18a. of netic cqr.e 1 ile

magnet i ¢ pol>/es 29 danfSEF aielsf e%p%’é??%é??cgbﬂﬂegﬁgagt 5?"F| ﬁ‘%eeﬁgs"\%a and

20a of magmetFigwoeesl Ehdardld ;20. The second ends 18b, 19b and 20b of

respective cores 1%‘i eang %g agetggg@qteyagéyacgqr}%g Lo g%cq:lrh% st at or
p 8 1Ty

part 26. First and second magnetic | es .and"297are ghét I ca

i nsul at ed $tabrvachf other byanhwdunsskso$?2 Bihgugs flr nithig zpeemaafenrti gh

rel uctanc LS §&C angh thd i d

magnet i cale‘lr?/&\?éﬁsﬁl a'?e ril‘%rom eac égf egeg;er%m%%]ﬁiég%geaﬁgqg? %glronv‘fnng zones
of high ref¢hRemAekcalily positioni ng notches 36 and 37, 38 and 39

respectively are p_rn\q‘ﬁ%is of), t §eaRd0® WYhdk aé@é%@@eﬂ{ragylah_ea%pﬁla} or
opening 14 respectively. The two necks 32,ﬁ2d i‘te define a first zero
coupl i ng dFPEEERBnIBeRERHEEERH SUPRAY FOArandRe FRGHEEH YA o 4.

Li kewi se, s#ed&8ed4iand cdildeld ne¢ guneednds zH ccimdipl and dheecrnigulid

bet ween coi |, 24. arr11d pgr g e‘gg1 gﬁgn t .46 of rotor 6. IAE[ v‘\:n I.Io beop%theed t hat
per manent TREREISIAL" SRASS6 hr EOBI BELSFTERREES Wal AYIHoR

magnet i satanglet hefe muttaei snbeimg asi ragtiell pespechtiaupus t fonrwstad or

hol es 12 atggexg'ad'ting mode;

- Figures 7, 8 and 9 show respectively the supply
current in a selected supply coil, the induced voltage in
a detection coil as a function of time, and the angular
rotational speed of the driven rotor as a function of the
angle of rotation in a rapid or continuous backward
operating mode;

- Figures 10, 11 and 12 show respectively the same
variables as those of Figures 7, 8 and 9 but in a case
where a two backward step command in rapid operating mode
has resulted in an additional rotational step of the
rotor;

- Figures 13, 14 and 15 respectively show the same
variables as those of Figures 10, 11 and 12 also for a two
backward step command in a rapid operating mode for which
the expected number of steps of the rotor are correctly
effected, and



- 5 - 30 April 2002 Rotor 4 is coupled to a first wheel 50 attached to a
first hand 52 and second rotor 6 is attached to a second wheel 54 coaxi al
wi th wheel 50 and attached to a hand 56. It will be noted that wheels 50
and 54 are placed on either side of fLgst stator part 16. Mreover, wheels
50 and 54 are of equal dianmeters. Weel 54 is connected t o3hApdl 3802 a a
shaft 58 able to r fr eI Wi t hi Oattachedto stator .2. This
parti cul ar arrangeﬁiﬁég?h&g ¥ ofts Sicﬁ'beéﬁg%g%n 8 |‘</]ﬁ1"é 8F ant§829%and 56
whi ch ar eembadimentnof odat €bactKomebbaniBaintrddsdeteneaacbrdihgnmicbi num
energy di et RPefEidQr Pernanent magnet 42, while notches 38 and 39 define
a second mni num energy direction 66 for permanent magnet 46. First zero
coupl i ng direchi 6hrad emdodimentzefoarnelgytupmechanncal, tranpducevel v
second zepacgeHRhigng i I'Fé;ti%rgﬁlgﬂdwiicio%% PR EN K G LhLEERLON 0O

are staggered at an ang I's not zero be note at the
angl e (i UéFRe@ﬁfﬁﬁéngéo#Qt Filgalres dediq oh. det i Hebs bsrmpediment, ahde33,

respectivebyndduadd Sepiited Nes aean®tsEcal direction defined by notches 36
and 37, 38 and_39 respectively, has a value substantially equal to that of

angl e a, In th&henbbaPAEHECHeSOMPFAEafere Shator 4 LRNGftWAgFetarBs4s|ightly
| ess t hanahhate ofegﬁabel(ralyc%@saa %d o LB LeeNNeLd s B8O HiPphy means

70, coil 23 bei gg connected to peans 72 for detecting the rotation of rotor
4 or rot oMCHREECH FESREG GRS heh ('}r‘t’é’ o?t%'{*‘l’l’érOBFnéH R O3t Beles &8t uat ed.
Det ect i onan@ans def tned abecarfLodt ys€oreecpeek toe suppl y means 70 to al | ow
the transm ssi f ectric signal s be en detecti.on nmeans a supply
neans 70, whi cﬁg?‘g B @é‘@lﬂ &P ﬁ%ﬁrgﬂ% 6y MRS Cc%ﬁcigmegi ne 74.
The oper aandn20f rehpettameﬂycbeaﬂeagr thedehepéilsb2for é3aaddtﬁe mander in

uhi ch theal I AnsHEeEchocod oLl 68 Wddaneg.De fleser) Dedd Maprg datail .

our operating nodes w tirall'y be note irs |ng node i s
t he steppFagcuble pr pashsoofarthe dxmnsdmemd@mrme@fhene oFigsher of
the Lo rataedrApart 1801801 Hbs2HIT AN Socdha SREONOREI ISR TRIC 1S

the steppin ward rotati ona Irection one  or ot her of

" the two rEE‘-‘gP§ 4233 d28 EFH% 2Rir Magneticngodsde2d sis r%kﬁfdtﬂcééﬂ\m nuous’

oper at i ngcBReectalseoCehked iactelf{atamh @@r:@a_d;mti@d&ré nla hewmwar d
rotational diregtion of o?g or oth r of the two rot The fourth

oert | nomagaetic HRiesofS Fndnli AteLS aRe St e K AP TIER SR b EBKna d
rot ati onafigistee@ndsn Ida Omdor).oat hﬂ:‘r mﬁgm@tm‘:sCéreBd 16. atie 20r wahd and

St 7 ot ur e “BF PG it Hfier AR Brch i ther &1 RBEPSPE L6, THEL hlui i

descri bedahdr &0 tdre fmagnetidaldyt m:onm@ccteépbndsewmi EAtowepavtat i onal
directionggi.e. anticlockw se. Consequently, the backward rotational
direction is a negative rotational direction, i .e. cl ockwi se. The structure
of the transduEérs§eseénfbederens npeomet ¢ | @elene 2 anser 28f aKe two

rotors tomagneeyediipr mgdlaeea %E:%Eprﬁg:hmé@ﬁe‘ﬂ %yats:bnabekautaaeaﬁuppl ied

by the respective, sup coi | ereas Lt i S necessaly to caus
oscill ati 35 o‘?tm's‘ﬁ’c’PSrgP}éF of |WntrﬁﬁuFﬁé%kv6&?H¥?otsﬁq I a&fir ection,

whi ch genehalraymangtueswlm:d V29 raridne3 § osre o&laghéEEcammyesaisueapuBses as

Il be d b h ind
\éMeSCI’I Stl g%%” eeq:h gﬁegl %é'ép:rhnegé}f%dégn?&gl %rfzoﬁl(o Php‘% ?élgg%nog known
manner Wi hhgb.uceésstaBCpul Swe pbsdltiennag m@tp@lear Bbyand &i7i,.vé8rendr 4 in
rotation. 350-dcpuectobel 8N olalAkedn ort e %ﬁg’emol%uggla't%g bBeRiflgm | ar

nmanner . Accor at| Ve enbodl nment tectron neans
72 are nott2useqd shator malngglﬁod‘@snwwm e ckviat Reeksdéidect i on

neans 72 an@ d8shdfffet 8 FRRs¥SS D idMiAShY %tmlsﬂngwtmaewlqd in
coil 23 when sel ectlvele%’cﬂactuated rotor 4 or 6 rotates. The angsy |s of the

af or ement i“Enéd PEITERSRS Magnat g‘h%lIOfsr@FPchledLé eWise, Q&€ fe the
behavi our agid Bise Mm@tsmtzéj‘:othéupl‘ﬁ.ﬂgt dﬁiréetﬁbnaﬂ4ebe|tv&tee1p to
det ect vvhet hcir t.he (riot ation h%s t aken QI ac% Eher it has
permanent magnet roto
It will be noted that permanent magnets 42 and 46 are
bipolar magnets having radial magnetisation, these magnets

being situated respectively within stator holes 12 and 14.



- 7 - 30 April 2002 probably not taken place. The man skilled in the art
knows how to perform such an analysis with detection neans associated with
the supply coil. In the present case, the analysis is effected on an

i nduced voltage (or induced current) signal generated in an auxiliary coil,
nanmely coil 23. However, the arrangelent and the el ectroniaﬂAipt:tliz;)t)ZOf
detection neans_72 for effectl t he af orementioned alysis are simlar to
t hose which ar eRRESFN 4t &5t F@ Fhtd d"{féﬂstr’rﬂt‘ i %g ¥Ea?h@ dakP. aFi gures
4 tod6 desclilrl@ct ssahﬂrmdz %dysédacnapegabi:oa Qfg ftah&atdtﬁaﬁohmea sacaniior ward
rapid or copti mode._.As nti.on ei nbef or ot or iven in
the forwar§?F 8ﬁ'ag oﬁz?la’ﬂtarlec‘,"t *‘;sﬂgﬁt@eﬂ%‘? ‘S‘tﬁ‘ie"s%‘? Q?‘Pgr 8ting

pol arity wier evEbrhbef macédpthats wiiegks tSife ando54 naret gliamed hoaugh one
step, in the esent cas hrough, ap _angl.e, of, .18 re| naf

operation 81;' srlanesa‘?.g #lfﬁttﬁ'éa%f:wg?a't ta"& orr cont1 % }tﬁdgsw Il be
descri bed fod rSdtczrrel of hequwilvidigamEtemws orwWiteéh bAI s.sopmrateq:lgem)de bei ng
i denti cal Ugisn upp i a S cQl Fi Le 4
Shovs. supphiidupeedis Boshebd: d8aabysseof S acansElnty L EnER 9 biles 0
current, oh8 mt&ashede t@uﬁrtearnonlznw’li‘tgls rpartfel@blar rasRRygegenktothule
suppl y vol § 9P b 4RI SHEN AL Ol ng Y55 V58 UBhEN's g fceguence of
pul ses 76 of alternati g go arity an subst ant 1 al y sim | ar shape.
Figure 5 sheaxieheipngaéaliosltage U23 (or simlarly induced current |23)

in coil 23 as anbeRedn3ef éﬂ&‘E37AC&QEQh8940fE.B§t' WEALIRR &AEr gl arity
of the supply voltage is reversed each tine that jnduced vol tage U23 (or

i nduced cuPA&ERCtLon) 64adorhpeyrpnenteRagnRAi éﬁ' r WBitesnpRchegop & apg
rfeverlsal oggsu]caalfytngr renée&8id Qgﬂﬁeﬂuﬁlnt%uerlgpe @sﬁuecitdﬁtatest heosequgnce
of pul ses of supply curre is relative mumio as r.api d or
cont i nuousP Gﬁé‘raé‘ﬁ"g-‘n“{ Lf{'é fzn’or%rf f?%ﬁ‘%n‘tm‘h%:‘yﬁfécf éll”ﬁ%cEéPB ?ﬁoQEFlng of

i nduced voEtLa@et u&’&:ccoemesgppndheubibantsual e st cari ved liyg neecdndf zero

magnet i satl IS, 7 er n p ction
40. As is see eﬁ Cﬁroec@ rgaﬂﬁ éan%ndé%nﬂ%ﬁhﬁ?)%ﬂ E%} higgﬁqaf’ owWs one
to assure tsﬁatarleots&ag@% Fotan anple n%r‘@“e%nl%on%'hdz?ﬁat t Wadlpassed

the geonet pieCahot¥is €RRitNegnBy awgrhesp 3bhatwedd. thes, gemassieas t hat
each pul se drives rotor 4 through one step, _i.e . through an angle of 180.

Then, the ShAaegsion glafdned yf 4%%%I%@&3ag@$%e‘éﬁﬁéﬂ-¥d3 and

subst ant i ahlsy it Qhé‘%‘é@)ﬁfe‘tﬂ‘c'aqn d@ﬁe%t?.%nofieﬁghaanﬁgft neeghets 42 hkegal i gned
W th mnlrrumenergy lrectlon 64. Consequently, t1nuo

quasi - cont Puoud8r 3 sespeiveln aBasr & Vﬁ 4er &4 Li%t%t%n'éﬁally
hormmogenous emmiert;ovmmdt afoanpglewst t hEnchreenembodsmepiti odesorbbededuced
and the Vi fled ol dte JdAle W Canggeondling 19 dltay NNEK | ORahOchg ! Be! eased
when it operates in rapid or confinuous m) An~i dentical analysis applies
to per nanem‘lgrh?gtﬁet 46 whose nmmagneti sation aX| S is represented by the arrow

80. Figure 6 Sh%‘éfj.été‘%ﬁ‘”gﬂ'darzd%ﬁé' Q:Q%Ine%‘%ee%j 04 E-. bﬁreﬂ gs of

per nenent magnet which 1s attached thereto unc 0 the “angul ar
posi tion 8C@f11r ot dr being i ‘ﬁ@nﬁaﬁitedort%oﬁﬁﬁﬁﬁoasz f%?ﬁ/atd@tr%%&ql@nth%e

curve nmeasWRGHGA F RSNl idl et fshgw&dralﬁgg%ewﬁe%m@&s otdéabrt he

rotation is effectqe;d continuously at a quas constant eed, h IS
advant ageo @9 heSpei pbSEST St 1§nétc§9‘ ’aﬁf?o‘?‘??n p&trﬁ cul ar
in the CaS%l@c&h‘id/aDDyacmﬁh’ﬂld&oaldpb(lly nwéarrsg Vbetraroalul:bwf ithieed Wi t h

t he notor assenbl. accord to.the inventio tr Y P bac rd

st eppi ng o%éﬁﬁétﬁ hglﬁﬁﬁ' T 15 @d‘allr? rl?teqéwe?%kn%gg‘:hﬁ H‘% ?a?;e of a
si npl e nondEhasedl smpplyv\meananOr,otvdn,cl'hcm tmmntnmmtwcﬁ:maﬁ‘dgwmm on via
a techni qu%[faéﬂe%q:z%h%c'éfdrﬂé&rlo%eq}ihr' Bg supply in the formof three

successi ve pul's 'sé is used to drive the rotor in the
positive direct |’Ri’t\eon°£1elaﬂ§t}loaf¥ patfh |ehe t karrwodunmn, sAeseshbesipply

pul se i s pripusdpthatbbed ARl SE1RE R\Qhﬁ@rt Yid hyRieh! cwengudahgaﬁaew ithe
backward rotational direction. Finally, a,third, sugpl y (%” se f i dentl cal

polarity t FAMerPi+ed Wil Rewshs)| iiGGCFébFﬁ‘e WRuphryecsittablas E¥assure
the perforrsgeeaoing wekysr driStEpessentially be noted. The first

operating mode is the stepping mode in the forward
rotational direction of one or other of the two rotors 4



30 April 2002 In this backward stepping node, coil 23 connected to
det ection neans 72 may advantageously be able to be used to determne the
end of the second pul se and al so the beginning of the third pulse. It wll
be noted that it is advantageous for the purposes of the reliability of
backward rotational direction drivi gg that the second pul 30 Aprild2002
sufficient duration for the magnetisation axis of the permanent nmgnet of
the sel eciredl 6 otThetsepond operafdngnmotieorisd ther osteppinggmodesdi on and
Ll Lt hd BalBat @ forde Fond ICAdULBLLOR e Idife S6FORONRY! 82 et
sufficient netrsation axis € permanent magnet
of the setl"é?:tréﬁ'-qrcﬂ & and 4l.i Ghei thdkd opexaging modst iis wamagyidniorh t he
af or enentd oRednggia CBPQ'r'aQ:Q.:‘EB [ H3AQN. (AD0" d@&ltl%hcfatdcséé/lé?‘i%"ed

condi tions properl y, i,S proposed, according t e invention, 1 n an
al t er nat i SREAHHNY Faste ténd&h@ctfotffﬂérﬂelr@t@lté%aﬁg S3redid gt @t &ney ol tage

in coil 23 dykhés dhecnertpd %tblrge 4 prdigeh @1@@ £6GPRH SpleRlat iRy S€ 1S
generated by supply nmeans, 70. Wen the induced vo tage in_coil 23 crosses

zero dur iBRFE hé Saftdtene®idned rf‘e‘?‘ilEHnuPHé QRATIEIRIt TGS siReEsed)

t hereby avdingatderseLoitshyl| SEréot Denes ft eneherabeneenlfi avadrdia d pul se.
Consequent Ig stepping rotation in the backward rotational direction of one
or other Yt tors 4 and 6 is assured. It will be nentioned that for the
pur poses of | MMheafedwaeti ard i backezaytdzar@tatbeahmg diréedeionduedd vol t age
during a equ t 0. apRI.OX of the fjrst

pul se, co’%ﬁ%%ggf r‘%mg ﬁle % %ip‘rr?nl g%g%é?‘%%eﬂ% rs @#‘ggm nosfvm hhéout

i nf | uencet vansfucesntdescod bedpphgrefinbafisine (:0|Ilns zzeoremhodtn@nt _

decel er atdé’é‘c?ibéﬁc?x'e%reat 'tﬂ{E Eo%‘ir&er&?f@é‘hgﬁg'&?&r@sﬂéﬁdé okgr geing

driven and in particular ange in rotational direction follow ng the
end of t@FFFéﬂ’%uF’%W%ﬁer‘éﬂ-é‘e&@eﬂP%' cr ds8i-ng 3Bt 1RO kHdESt vol t age

in coil 2éon§aqaenltnyord@ﬁet%a@£wafdt St £veahHal idyreatiiom tigl 4 enporal

wi ndow i s provjded duri,n means for de ecting zero crossings are
i noper atlrg,%ga i r&fr‘?tll"g‘éghdlfﬁcﬁllﬁﬁreé ¢t 618CKHoRPschematical |y a

backward rapi drive ceirudOUFeOpesdt rlguﬁDd&:ﬁinQﬂechérOt libs s O iblesd t WO

selectively actuated rotors 4 and 6. Again, th urposes

sinplifi ?é%f%h?}g?%‘@rar ?%?ﬂ‘ﬁsof’n?of’& St t# 3c§%§ Q)%grﬁsdq;oor gont i nuous
oper at i ngnowved vﬁdﬁwa;)edcdmiaiersanbppimgdmcdmgvafa rat Grlr&bel pplsien | ar

w th supp, 2 e I freu 0 supply
current %%p‘gﬂédfﬂb c?tli%% of %%e&an% Eﬁg%’lé’o ovvs | u%aegd \sjigl %e u23
(or sim I%@‘F?S'Fﬁmdcéé €ausenen cildasion 2@fa§u§hf GREOKoF OIARI V!

Current |2g ma&aesgqema%dofmwﬁ%@f &ﬁs&e%hngwaqw 'ddéhefalﬁ} pul se
78 and | ast pulse 80 a |fferent|ateg ﬁ?‘ﬁe frominterne
p

ul ses 82.
In a si mF%guh’éﬁﬁe?uPB{X’hbnb'é}éﬁmﬁPHmsP SoFECEESTE Yo i ’??$s‘?s pul se 78
i s an oscwildtbendpskgebddi more Piredidsly i tnt bRef eemaritiddir ot itime The
duration of pul se 78 i.s f.ixed and determ ned so that the forward driving
does not 1?5%% eﬁ‘fﬁlprtd'té’tl on of the rotor through one forward step,
whi ch woul d drImetheefmma)rdl stéeppihgr made, dicoddt i2@n nmsﬂumbilmd dimving it
in the degir C i i t this
pr obl em and lf%c‘)“\a'g E‘owlh%c]):dde gi;lmcgrql‘lecgﬁgsggr ati oinégg u sgq also the
condi ti onBOBRritY EPpiries imetor M pir tyetatkon tTe ‘ﬁ%l’é@t@]p@ pal se, to

assure thgodeei 51d @&ﬂ'd@h&@@m et 1%%\%41%%%@&1@ of the actuated
rotor. FollTow ng this first pu 78, sequence, of gul ses, 82 of

al ternating pohefPEFingetoupp |aéd'-q161%"u‘p‘b¢ yemgpfimenty,cofd 43 P8¢ each
of lnternaétaéewulxﬁ@@nﬁm Sa £€ 186 1 HEEd bimn 1 £191 & efPea OS5y NGodé . t e | nduced

voltage in c {"S 23,..as is . shown_in Figures 7 an d-hf The pol.arit Egversal
of the suﬁBPg 51 PHFETREH e FRHBELGOTOMERAS | ¢ cBFF S8 rHERBs %ero i s
provi ded anadydiengr oitdecpdeseitadgw esignalf @enmmlnemﬂs 23 those
ment i oned r. the,forward. ra nt i uous o] a n a
forward ra{blg osre%:%ﬁ H{uggs %ﬁg}'lﬁttle% & such%gg ?hanltgog?g\%l ousT b

descri bedanaﬂm'sa’lsslorfedthwrdﬁ:rre)ﬁersttz@nedsmduaede@mid;mq,e:wwmbl P—ﬁ a sure
Tenner W kbractaat saubsecofastbahanl! ehhypeityBLENbel ERA! Betfiahbge - 11

30 April precedi ng pul se e | nventor S noted that this is not the
case in tBagpeskwafd thepi acsuated | FOSOF opbr R3HY FS®R TR GeFeRE from
the fact {hather" dHe fOEURLEnT Yo | @Qﬁéndﬁll%@é Wy hetpraBenhagagnet
woul d have to undergo a rotation greater than 90 follow ng the |ast pul se
in order to effect an additional rotational step, which does not occur,
given that it has not yet passed the final m ninumenergy direction at the
end of the |ast pulse. However, in the backward rotational direction, a
Iast puI se of substantl aI I 'y eqw vaI ent dur at| on to that V\:hl ch pre ecedes |t

o T Y |




Figure 9 shows the angul ar rotational speed Vr of the actuated rotor as a
function of the angular position 8 of such rotor. It will be recalled that
t he backward rotational direction corresponds to a negative rotational
direction. Thus, in Figure 9, the actuated rotor starts from angul ar
position 81. As previously explainagd, Figure 9 shows that 30Wpril @062 rot at es

firstly in a positive direction over a first, pari .84 qf t then in
a negat inrohahlat insitaltakiate ®liage -ovidie b HHd tlrééﬁb? [ g&gourve. At the

end of nEtat ik@N pEPEELRPUUENITah0 4HL1YRIk patth~ R edtide eans shown in
Figure 9, the, ro%or under goes OS]C-i |l atLon S vie%i Q_Jnte ddudard, 88 of the
curve ofagsemiated whsh Hies8uBBlY sCPtat i Qlixvel 8A§" FThe rotor firstly

3; oppi Pgaﬁﬂlﬁ‘sii’:g arg- ﬁéﬁféé%?%ncqﬂhes@dndieﬁg ol tdge zépy dfﬂt%qe@ )
irection described hereinbefore, then at the . PYseBP the
rotor cORRETERL) tSLGNY %%%?F?gﬁ%é‘rbo??esablg(ﬁgiq%g&oétaag'af orerr%gtioned

M ni mum €eeL gy 1j r Hewieser ,RetRer i awgrangEmgmtesand ttdhie 5 e @t Y em of t he
addi tional final step.ip the backwar api sl o ONtd A RIOHS § 1% he30 April
2002 ope&‘aﬁilﬁé‘ a 89Fﬁg’s%? ut%‘,\‘% qﬁé’jr og%gedggg the pr es:eerlltgi nvention will
be descrabedemantiboneddyanehysbaedrtereinbessr £0 FRRFRs Wt a%Sdescri be

respectiyely t | : Ei.gurass % dr dde pur poses of
si npl i fiﬁ?%n?goﬁﬁg?%%%%@@oﬁm%nﬁ%lzlét;gclﬁ‘/ard rapi d m)ge S
described herBignsegs4cltears fdeasiiar eshepagifaidy |TRE PufERT 89" is al so

ended by thepzeQ ¢Ritidtd i 4 Nfyeegraohizpdd 48 .cotftimustie dodation of
pul se 80" "is substantially equal to the duration of jpul

: e 82 _whigh'
pr ecedesAst .MmeRt {pPnpdnhebeEBLLERAT S nddO&Pr Akt &rrent g% | gﬁgf no
| mpor t angg iy riih & dH8SHa IC St it Bbh 0By aAseumuencenooe petoedi ngfto
Figures 10 and 11 leadg tqQ.the rotation thgo XREE itional
step as P%@é'éﬁ%l"@aﬂoa'afrll&ﬁﬁ t‘“ﬁ’@ra?na?ifrsl? soéf%ﬁl%%s ?%gggg egﬁe end
part 8B' ref oirhe it uroea shonntiaesghotorshostean, oddi the iRFe®ERENERSSt or
returning.to the expected fiznal Si 10n: t the fopetaposht ogn of the
rot or is%ﬁ%}bha%o??%gﬁoﬁgg%tsodﬁn %%%ﬁg%ﬁ%%félgyr otat i onE,S%faIBO. I.n order to
over cone thiee wfansdeceronad e of odWawsackaPiheOF nFHt H HHPBpBSES t o

i ncrease [, ' heolasheBY €, tMd driwiats ¢ sogoar &ntiee of the
pr oper b‘é}ﬁ'g-\%l-l %a%%%%er%tg?kmﬁi&gh effects ef;ﬁgt .Lhe _desi

| nb f
rot at i ondhist eperatgdaic nadee ReINGLI deNEREHA FrgaPes 518 tlé’e %@q'gr eer °

respecti vl Yo %qg@@cglf tsg%)blﬁ_gsgogmom_i n Figures 7 to 9. The references
I

al ready described w

Schommt | cal |y F@URay h SPRAS |55 SPr 5T B sb280PRRY Seh FY: el
subst ant igddns t woced hesidf 2pul sy 83uphilsh Eueredes ione tweandr &son of
Suppl § MG SBE TR yETs B (R B b P T e om t he
suppl y nogel teger sppgied Eioguresh 1Goahd @%WB%GBHF? _ &t ébs of 180
post ti on SRLFRCE qf RS TR B B e e rolh does
not make sulssoanbhahlvheimdidmat shapen EHINGEs % FHRE] h-elif'%%'l %ril 2002
Wi th the 710, £OURPhE NPoFi & BRL1AR1GOH hesR@ i lentAZ3N) in coil 23
as a function of time. According to the invention, the
polarity of the supply voltage is reversed each time that
induced voltage U23 (or induced current I23) has the value
zero, which results in a polarity reversal of supply
current U22. Consequently, one assures that the seqguence
of pulses 76 of supply current I22 is relatively optimum
to assure rapid or continuous operation in a sure and
efficient manner. The zero crossing of induced voltage U23
corresponds substantially to an alignment of magnetisation
axis 78 of permanent magnet 42 with zero coupling

direction 40. As is seen in Figure 3, such a command



Figure 9. According to the analysis of results obtained by the inventor, a
duration of last pulse 80 equal to 1.5 tines the duration of the preceding
pul se is sufficient for proper operation of the rotor at the end of
rotation. However, for the purpose of certainty, it is proposed, in a
preferred alternative enbodi ment, that the duration of |asggpl EJ gogug is at
| east two tines |onger than the dulBatlon of pulse 82 which precedes it.

Ref erri it kovsi guee €06 assurs oblla enivottiore 2 ohag modiadRtebyYadedadi ng to
the inverddenowr! larke Qﬁéﬁ“lttedhggr%af@ééﬁr th@egégin%rteﬂceél abiaady

described in relation to Fi ures 1to not “be described again here in

det ai | . defeinedvantchas ttliang t37 ¢ h"'éh‘é%coﬁﬁeeﬁﬁéﬁirﬁﬁntthéltf &R from t hat

of the phevdoUaLYvESSHitked J'Eﬁkoﬁﬁho‘iirf@n&téﬁ t hate C%hraﬁghwlarph s
associ at ed wthgqgetlc pole 2 commntothetwo ro orz}F and may be
e

sel ect i VIR ot dhefer the Shgfge ko eriby P mymans 72

by ”Ean&fcﬂftafg§V!§ T £ teM0 W bsEAaka k1§l hf tidt hageiet ikatioh akis
alternat nnect _t.he second coil .to S%?le;}y means 70

osed to
then o rH v erBaReRt BRanat: A8 noaelibnal vhrn Finimbnr SHEREL nat ve,
coi |l 23 diremmiectéd iConpecalenhellyt, 0 compinyote lox2 2uers i24andondiusg t o
whet her or elecjively actuated while th -supplied supply
coil 24 I([)':?tli llélg sﬂgrtr% ?Ewéed"sl r?%s‘élég(éndlgl t%r nagll\gg%lcsem %nfg
connect éaomngeaoiuss aidnmert o whilkki22,alosot oatdows24 tatceordungem whet her
rotor 4 o i t I n coil 24
or 22 is srhor ?ﬁ%?%wc% ﬂds ﬁr/%&%é@ 5?% %%és?%%gat g@ungég&fa as sﬁppl y
neans f @CeeFding iwor dihe i dmvEnthieonr dior be oincxersed (when bddkwar d

rotati or@éefgg&ctﬂrpQaglgpgkngoﬁegﬁaghggmgage it is possible to connect
coil 23 to supply. nmeans 70 and, | n another alternative, to connec coil 23

to detection a’ri%en?tzl‘?t%l u%‘éa]dfﬁ’rs 2PRhHes hEQePRERERERIn Madnet 4630 Apri |
2002 neamsoge mayrietdisdtion GRABEL st eepPakeresar bﬁ;edhéoartba 8oL st

enbodi nent a back rds st@g%ﬁl? oper ati on rmdel d;f%l contl nuous
operati ng rm Lb"’o‘?l FHqYs W41eh HRERELPBA m?gﬁf ar‘Fd’q:;ﬂ ays an
equi val eht aulde tlous hatt descmabherdti madweti 48t whboli nent attadhesd f or war d
or backwehgr&api da O a COMLEOLONSo EPERA! hﬁguﬂﬁgepo@l@dry 8 Idf Wddoof course
be mentioned f hat det ection nmeans 72 are arranged to provide input signals
to suppl¥ Mmgmapaddon:ncpauttlmmm farwargurosaghar .wihe rvaduced

vol t age mé‘a&ﬁ’i-édzﬁycﬁﬂésﬁa?eé%?& PN HBRDSi A 2rabarels IdHEwed to the
detection of zero Crossjngs_ o he i nduced voltage (of induced current) in

coi | 23,that &he &I%ﬁ?‘h‘qubmﬁae?ééﬁ%%fC%FHéP“PH\S&rYrmﬁ“Foﬁ @B13f%hg to this

i nduced yohéeget OspebadlCRHi €HI { §Nhdvaiith§eblsPEol ¢Herpuib s f or m ssed

st eps. 15 30 ril
P energy sAgv!"Lng ané rapidity, in particular in the case of

driving a watch hand, and for making the product fitted
with the motor assembly according to the invention
attractive.

In a backward stepping operating mode, the man
skilled in the art knows, in the case of a simple
monophased motor with one rotor, how to obtain backward
rotation via a technique called oscillation requiring
supply in the form of three successive pulses. The first
supply pulse is used to drive the rotor in the positive
direction on an angular path less than 90°. Then, a second
supply pulse is provided with a reverse polarity thus
allowing driving in the backward rotational direction.
Finally, a third supply pulse of identical polarity to the
first pulse is supplied to the supply coil so as to assure
the performance of a backward step.



CLAIMS 1. El ectronechani cal transducer conprising a stator (2) and first
and second rotors (4 and 6) conprising respectively first and second

bi pol ar permanent nagnets (42 and 46) having radi al magnetisation, said
stator defining first and second stator holes (12 and 14) within which are
respectively situated said first ang second pernmanent nmagn®® f\prit P082 st at or
conprising a first part &%f) defining first, second and third magnetic
pol es (28, 29ImGhisspagkmwarst strpridinPdRgne?it pol ESNBRELLE FXef i ni ng

sai d firdetdatiom hdshand sxaa;fi éaeaﬁdag!é@utsw heTegiEs | EopBeenisei@ irely
defining sal(gl second stator hole, said first,. second a%t hjird rg%%getl o

pol es beitfy FREPERLRG e cP&d Ghe t AECPRLS (P gPsa, 2193, ) of

;i rst, sexamduﬁnﬁbd ‘ 4 toLﬁ rtchemgn&tdl‘ '(cpmmees iﬂ.?wi]lﬂ,béomgtedpeh'zaitvaltyfihwﬁri ng
irst, second and third. coi 22, .23, 24), con rt .(-26).. o e
stator uSSYFVEREPRRFng The %n@ '@Ocﬁ‘?%uiotfg gﬁesa’fﬁggﬁéﬁlrlgg@éc i cal

t ransducé&adierangd cepnactiechalo déecerd iemdsdei8ingl dthaObhef seaiohd i rst,
second ang. .t hir, i res., sai i : Q) 1S being
magnet i cgiq'\ly c&%ngggggltfg%f:§%5’y gé‘ir t Oé‘né’:?)l&c%glgr g%%%%%1§%?:}1%§1t %2{11 third
coi | s beiafy Wenmextmethears: mggpist nefinshe¢ 76@lactadgedthor toupgisy dpg hese two

coils so e%éi@}i%e‘%i [ASNS G yn?ﬁ”&i}gée\gﬁﬂds%' ¥ha ig.tf ljisSthnd second
rotors. . rans UC¢I’ accordi ng O.C alm 1, ereln sal | I‘$t an second
magnet i ¢ 45t ekORP8 ing - 2Pherduragheni ef | ghe nsgrandd A4bse edsh Mtther by

two firstg¥cksi ddy 3fang S8bJa$eeRNEnanthddid i sBeneh | 8xpal 8% (@ and 30)

bei ng magnetically i'nsul ated fromeach other by two second ne (34, 35),
two firstPeieanetniMaenah Gesthasssebestadi ﬁ@ta¥r§ﬁgé igR t"ﬁéeé'd%e" f said
fihr st staf pt;d:ﬁ!i@-é%%&i&? xaaph@frdetviirt@x a tHei mmmﬁé@yigh@ebt z@rd 6421 for
t he magnetic is (. of sai i rst r mnent gpet MQ secon

posi ti oniFY %eél’f%%'fl%@) gnlgrglgrgézrq 1S %egﬁasél §)8 A% on the
edge of gatabesckyndistihsoprbpbse@ldrcmmbing defthe anvendddnyi ninmum
energy dif.ectq o] . etic i 8 o] i manent
magnet ( EEIF ég&éggﬁénéﬁégg%g%ggo%& r%gt%cé:l%g?n %‘,ﬁahg@%%qgl 1d Tirst
necks (3Xhe@3ndiet¢devaltagst inecoidodd iduy g echeoneriof lod i said
first coidn (xgﬁicﬁnghéa'sgcfo'nrcﬁts%??ﬁﬂ&g%ﬁ%ﬁtgérf@dz}a%&nb N&PRet 1 ¢ axis

of said first permanent magnet 1's ne thsaid first direction, said
second néwtgeng 34 . Ien|the dadusady v A G 1 AFHISHRF T A8TDn (44)
bet ween saishddi tHeCaifbreathtahadi feseeand iy NARSHLy MegNehagett)s when the
magneti c axis (80) ‘_(;1; sai d segond per manent magget s ali neclbe\r/]\néh sai d
Second diFSERTIRA. SHRRFSRY SOGHRYSERSNICSEPE BOYRR HY GSETA IR ng
respect i vwefyramaggdratedt whisagl pulilieh iGConsegnermtyi h saegrfingt and
second m nj etgy.directions, .4, Tran ers. I 1g . .to t he

pr ecedi ng"’éct{raua#qn(%{g : ertgllen%saaq]a"?’f?sfogﬁ l§§§§n§l%g%%§6€4ogngq%/ %e
mechani catthex efplratars 4 eskd #ndssessmdedoaxi al wheel s (50, 54), arranged

on ei ther si der of y3al bl She¥iloded® dndl Sl Y4l Opurghs dansucer
according, to any of the preceding c? ai ms, wherein said second coil (23) is
connect ediReraesed redjabddidet.e@BVigzeRe CGRASINE oPLshn@ ind4cedior or

sai d secopsh ¢Q5Er duPingd’ aNpAYGRa ALH T 19 LBpebRifkbelyhaifide Sthé
det ecti on_nean are arranged for detect]lng each m.ssed or faulLty step

s (72
of said fIVALIR cﬁrjg (He Frinsh PuktonFIWiRe (B5oR ik 1P LRI Bt ed in a
st eppi ng gperfirHy Polce pyrepainsUpiRkhotRansh fli@nathicth e edritngkd to

al I ow sai d_ st eppi ng _qperati,ng node f sai ir and secqong. .rotors. 7.
Transduce?t a"é‘éggbji‘fn&%t SFURRS c%"g? 25 \ﬂ?e?%% ilté?dgﬁgteg‘&ﬁ%ﬁ'%a%é (72)
are arrangeceleratitorcbifnglrerpernasehngmagnetheof ntbheeddtensileigd?23) in
sald secondi 6kl Lad) YRCNoI3d TS Al SCORRAgLO! 2R EScAEL atr e
sel ectively actuafed in a Tapi d or continuous )
direction following the end of the first pulse may
generate a zero crossing of the induced voltage in coil
23. Thus, in order to remedy this eventuality, an initial
temporal window is provided during which the means for

detecting zero crossings are inoperative.



30 April 2002 operating node by said supply nmeans (70) which are arranged
to allow rapid or continuous operation of said first and second rotors,
sai d detection nmeans being electrically connected to said supply neans to
whi ch they supply an input signal when said induced vol tage crosses zero,
sai d supply neans being arranged to be able to reverse the3@®pal 2bg20of the
supply voltage when they receive onmd0Osaid i nput signal. 8. Transducer
according to MMguneE,7where|@hsaldchumatycamaySa(Eatkaaedamﬁ@ﬂgbdrto al | ow

arapldo a,tlng de ip both rotation ns of each
sai d fc{ rcttoﬂg %’Eg m"ge T?gn?&&ce?ra tcr’ i n 91'6‘1&

V\/nerel n, sﬂﬂe&cmva{byd anttcmnednmmtsonpertlat hng nﬁ)deHgamf orﬁnardtdlxer ection
is activg;‘gq” I d_go t,he _p rity of

t he i nduce \?o% age |sn¥7ever %%(g(lgg%h%?’% Qﬁsoﬁg %’%‘P‘g&l r‘%pg ghglnéal IS
recei ved.bagkwardnsthrid aorocdntg numwd alomea'adrlrgg wstei wilhedpeone of
sai d Tirst, éf-&&”d t"h%t 9§51 ¢fngblog S ég Patse%éfng rsg. R QF GAR nuous

6t ational "arrect ai

operating no backward ro ona ion I nput signals
recei ved S}mnlng %111 ?i% iial ther bdacef ofi mepplyierih 2Riration greater than

the duration gfjqufdretspulses *&?: Cb@:.fz.f&?é ep2t he WPphycRiohhf
transducer, the 1ast pul se sup before the actuated rotors st%ps bei ng

of a gredtidhe c&ﬁ%tﬁ"tﬁi“f%aqﬁ ?%"ES o%n@%%e‘éuV%%t%Pcﬁzﬁré@édéé“‘iltlarf-

Tr ansducefnmwdcagrteﬁtclzez:m 10n wheneizs sad dal Fnhguileae b8 atinenast
substanti II]¥ { gfzﬁ | ong_as said uI € whi ﬁ-h prec?des %: li__ Transducer
accor di ng-1% %’ﬁg Bagr eRe AP MO E WRBLEST s8Fd 3hEBRBAEY (23) may
be sel ectpokayitgnne®iadsto paildesupis vy aednslést0 pulseecB8Oveaxesupply
current q [ ti t he elect i Iy act uat ed
first rot%lréfi’)g&gggaﬁszggon I?%t grQ% ln{g}@éaggt%praﬁgﬁgz% #iansducer
accor di ngeimi tani manrerwter dilg hhehwsaddsmgcmpe’{@@-ngs mesithect ed to
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knows how to determine the duration of pulse 78 and also
the conditions of its application, in particular with a
sampled type pulse, to assure the desired oscillation and
the backwards operation of the actuated rotor. Following
this first pulse 78, a sequence of pulses 82 of
alternating polarity are supplied to supply coil 22. The
duration of each of intermediate pulses 82 is determined
by the zero crossing of the induced voltage in coil 23, as
is shown in Figures 7 and 8. The polarity reversal of the
supply voltage when the induced voltage in coil 23 crosses
zero is provided according to the present invention for
the same reasons as those mentioned for the forward rapid
or continuous operating mode.
If, in a forward rapid or continuous operating mode
such as that previously described, the desired number of
steps is obtained correctly and in a sure manner with a
last pulse of substantially equivalent length to the
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15.

Figure 9 shows the angular rotational speed Vr of the
actuated rotor as a function of the angular position 0 of
such rotor. It will be recalled that the backward
rotational direction corresponds to a negative rotational
direction. Thus, in Figure 9, the actuated rotor starts
from angular position 01. As previously explained, Figure
9 shows that the rotor rotates firstly in a positive
direction over a first part 84 of the curve, then in a
negative rotational direction over a second part 86 of
this curve. At the end of rotation, corresponding to the
last part 88 of the curve shown in Figure 9, the rotor
undergoes oscillation. As is visible in part 88 of the
curve of Figure 9, last pulse 80 is relatively long, the
rotor firstly stopping in a first position 62
corresponding to the zero coupling direction described
hereinbefore, then at the end of last pulse 80 the rotor
comes to its final position 03 corresponding to the
aforementioned minimum energy direction.

Referring to Figures 10 to 15, the problem of the
additional final step in the backward rapid or continuous
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hereinbefore.

Figures 10 to 12 describe respectively the same
variables as Figures 7 to 9. For the purposes of
simplification, only the two step command in backward
rapid mode is described here. As is clear from Figures 10
and 11, last pulse 80' is also ended by the zero crossing
of induced voltage U23. Thus, the duration of pulse 80' is
substantially equal to the duration of pulse 82 which-
precedes it. It will be noted that induced braking current
84 is of no importance in the present considerations. A
supply mode according to Figures 10 and 11 leads to the
rotation through one unexpected additional step as is seen
clearly from the analysis of Figure 12. Indeed, the end

part 88' of the curve shown does not show an oscillation
of the rotor returning to the expected final position 63,

but the final position of the rotor is 64 which

corresponds to an additional rotation of 180°.

In order to overcome the aforementioned major
drawback, the invention proposes to increase the duration
of the last pulse, which leads to a guarantee of the
proper behaviour of the rotor which effects exactly the
desired number of rotational steps. Again, the variables
shown in Figures 13 to 15 are respectively identical to
those shown in Figures 7 to 9. The references already
described will not be described again here.

As is shown schematically in Figure 13, last supply
pulse 80 has a duration substantially twice that of pulse
82 which precedes it, the duration of last pulse 80 being
fixed in the transducer control circuit included in supply
means 70. The analysis of the curve of Figure 15 resulting
from the supply mode according to Figures 13 and 14 shows
that only two steps of 180° have been effected, the rotor
finishing its rotation in desired angular position 83. It
will be noted that, contrary to Figure 9, the rotor does
not make a stop when the magnetisation axis is aligned



TTYYH1I09%R () -7V YYN109%& () -7 10( 10( 10(0' @Mm0% & ()- =10% & ()-L6

1098& ()- @-./0A}oM@{ " YY!YF 10%x& ()-:6 10 10

100 YYT109&R ()-7! YYN109% ()-7! YY!'10%&' ()-7AM zX6M@ " YF 109%&' ()-:6! YF

109%&' ()-:6!' YF 109% ()-:6! YF 10%&' ()-:6! YF 10%&' ()-:6 YF 10%&' ()-:6

}oN@?‘YF.1096?Y!109&IX{§?-Z" 10 }0 fgﬁ:YF 109 ()-:6! YF 189&pfil 2062  YF

10%' ()-:6 j3] zX6Md 1096008 ()~

109008 (With YtheY@eRo( ol Dinkd W Be L idh! ¥otAapBnididy ™ ¥bl ®A8i ) - Z"

"' rP@_ ;"' 10900 ( 10%& ()-3!" 109%& ()-!'! 10%&k' ()-'!10%& ()- 1000 1000
Figure 9.

According to the analysis of results obtained by the
inventor, a duration of last pulse 80 equal to 1.5 times
the duration of the preceding pulse is sufficient for
proper operation of the rotor at the end of rotation.
However, for the purpose of certainty, it is proposed, in
a preferred alternative embodiment, that the duration of
last pulse 80 is at least two times longer than the
duration of pulse 82 which precedes it. '

Referring to Figure 16, a second embodiment of a
transducer according to the invention will be described
hereinafter. The references already described in relation
to Figures 1 to 3 will not be described again here in
detail. The transducer according to the second embodiment
differs from that of the previously described first
embodiment in that coil 23, which is associated with
magnetic pole 29 common to the two rotors 4 and 6, may be
selectively connected either to supply means 70, or to
detection means 72 by means of a switch 90 shown
schematically in Figure 16.

In an alternative, it is proposed to connect the
second coil to supply means 70 when a forward stepping
operating mode is desired. In a first alternative, coil 23
is connected in parallel to supply coil 22 or 24 according
to whether rotor 4 or 6 is selectively actuated while the
non-supplied supply coil 24 or 22 is short-circuited. In a
second alternative, coil 23 is connected in series either
to coil 22, or to coil 24 according to whether rotor 4 or
6 is selectively actuated, while the non-supplied supply
coil 24 or 22 is short-circuited. Thus, it is possible to
use coil 23 as supply means for driving in rotation either
rotor 4 or rotor 6.

In a backward rotational direction stepping operating
mode, it is possible to conmnect coil 23 to supply means 70
and, in another alternative, to connect coil 23 to
detection means 72 to use coil 23 and these detection
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first embodiment in a backwards stepping operation mode.
In a rapid or continuous operating mode, coil 23 is
connected to detection means 72 and plays an equivalent
role to that described in the first embodiment for the
forward or backward rapid or continuous operating mode.
Finally, it will of course be mentioned that
detection means 72 are arranged to provide input signals
to supply means 70, and in particular, an input signal
when the induced voltage in coil 23 crosses zero.'
Detection means 72 are not limited to the detection of
zero crossings of the induced voltage (or induced current)
in coil 23, but may also allow detection of other
information relating to this induced voltage or induced
current, as is in particular the case for missed steps.
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CLAIMS

1. Electromechanical transducer comprising a
stator (2) and first and second rotors (4 and 6)
comprising respectively first and second bipolar
permanent magnets (42 and 46) having radial
magnetisation, said stator defining first and second
stator holes (12 and 14) within which are respectively
situated said first and second permanent magnets, this
stator comprising a first part (16) defining first,
second and third magnetic poles (28, 29, 30), said first
and second magnetic poles entirely defining said first
stator hole and said second and third magnetic poles
entirely defining said second stator hole, said first,
second and third magnetic poles being respectively
connected to the first ends (18a, 1%9a, 20a) of first,
second and third magnetic cores (18, 19, 20)
respectively bearing first, second and third coils (22,
23, 24), a second part (26) of the stator used for
closing the magnetic circuits of said electromechanical
transducer being connected to second ends (18b, 19b,
20b) of said first, second and third magnetic cores,
said first and second stator parts being magnetically
connected only by said magnetic cores, said first and
third coils being connected to supply means (70)
arranged for supplying these two coils so as to actuate
respectively and independently said first and second
rotors.

2. Transducer according to claim 1, wherein
said first and second magnetic poles (28 and 29) are
magnetically insulated from each other by two first
necks (32, 33), said second and third magnetic poles (29
and 30) being magnetically insulated from each other by
two second necks (34, 35), two first positioning notches
(36, 37) being arranged on the edge of said first stator
hole (12) so as to define a minimum energy direction
(64) for the magnetic axis (78) of said first permanent

magnet (42), two second positioning notches (38, 39)



10 10TT! 10 10

10! 91 109%& ()-5!' 91109& ()-5! 9'10%& ()-5'9!'10%&' ()-5 bda?M54 10
10! "9110% " & ()-F119110% " & ()-F19f10% & () - &

10% & ()-1"10% & ()-yl0% & ()-dbg<h=h>h?fgi ovs4 10

0910w ()-'P 109k ()- 10"t 10"" 30 April 2002
10""1 "9l 10% " & ()-F1! " 91 10% " & () - Fli kkkkkkpruS14! 3. 1090 T& () - !

1090 T& () brdngoael g9 - arronged( oy the edge of said second stator

hole (14) so as to define a second minimum energy
direction (66) for the magnetic axis (80) of said second
permanent magnet (46).

3. Transducer according to claim 2, wherein said
first necks (32, 33) define a first zero coupling
direction (40) between said first coil (22) and said
first permanent magnet (42) when the magnetic axis of
said first permanent magnet is aligned with said first
direction, said second necks (34, 35) also defining a
second zero coupling direction (44) between said third
coil (24) and said second permanent magnet (46) when the
magnetic axis (80) of said second permanent magnet is
aligned with said second direction, said first and
second =zero coupling directions being respectively
staggered at an angle which is not zero with said first
and second minimum energy directions.

4. Transducer according to any of the preceding
claims, wherein said first and second rotors (4 and 6)
are mechanically coupled to first and second coaxial
wheels (50, 54), arranged on either side of said first
part (16) of said stator.

5. Transducer according to any of the preceding
claims, wherein said second coil (23) is connected to
means (72) for detecting the rotation of said first
rotor or said second rotor.

6. Transducer according to claim 5, wherein said
detection means (72) are arranged for detecting each
missed or faulty step of said first rotor (4) or said
second rotor (6) selectively actuated in a stepping
operating mode by said supply means (70) which are
arranged to allow said stepping operating mode for said
first and second rotors.

7. Transducer according to claims 5 or 6, wherein
sald detection means (72) are arranged for detecting
zero crogsings of the induced tension (U23) in said
second coil (23) when said first and second rotors (4

and 6) are selectively actuated in a rapid or continuous



10 10 10! 1109 ()-rrrrrsNv>w P14!3. 1094T& ()!  10%b& ()-5!" 10%b& ()-5
109%& ()-5!S | L109%& ()- 10TT 10TT

10TT>wwHyRz Sz TzUzcz} oML4! 3. 10967 T& ! 09s109% ! & ()-1 10bb 10bb 10bb!"

109%b& ()-5!" 10%b& ()-5!" .

10%bbé& ()-502{|}7NzX6Ml4! 1 3. 109@3 ()-& 3. 10%@8 ()-& ° B0°A@AL20D28&! °
10%@&' ()-& ° 10%@& ()-&

10%@& () - eiNSPEbi RI41mode 109%aasaliohe gupRly) - @eang0% WLE Whidh | are

10% u- u& éfré‘ng Jig%g%ali@o@ @&@@ntlnuous operat £ d
10@aM 2r 141 “10v&<& ( 00/o<&'E€‘)gL S10%& 162 Speration of sai
first and second rotors, sald detectlon means being

electrically connected to said supply means to which
they supply an input signal when said induced voltage
crosses zero, said supply means being arranged to be
able to reverse the polarity of the supply wvoltage when
they receive one said input signal.

8. Transducer according to claim 7, wherein said
supply means (70) are arranged to allow a rapid or
continuous operating mode in both rotational directions
of each of said first and second rotors.

9. Transducer according to claim 8, wherein, when
a rapid or continuous operating mode in a forward
direction 1s activated, the supply means (70) are
arranged so that the polarity of the induced voltage 1is
reversed each time that one said input signal 1is
received.

10. Transducer according to claim 8 or 9, wherein,
when one of said first and second rotors (4, 6) is
actuated in a rapid or continuous operating mode in a
backward rotational direction, said input signals
received during an initial period of time having a
duration greater than the duration of a first pulse have
no effect on the supply of the transducer, the last
pulse supplied before the actuated rotors stops being of
a greater duration than that of the pulse which precedes
it.

11. Transducer according to claim 10, wherein
said last pulse is at least substantially twice as long
as said pulse which precedes it.

12. Transducer according to any of the preceding
claims, wherein said second coil (23) may be selectively
connected to said supply means (70) to receive a supply
current or to means for detecting the rotation of said

selectively actuated first rotor (4) and second rotor

(6) .
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series to said first coil (22) when said first rotor (4)
is actuated in rotation, said third coil (24) being then
short-circuited, and to said third coil when said second
rotor (6) is actuated in rotation, said first coil being
then short-circuited.

14. Transducer according to claim 11, wherein,
when the second coil (23) is connected to said supply
means, said second coil 1is electrically connected in
parallel to said first coil (22) when said first rotor
(4) is actuated in rotation, said third coil (24) being
then short-circuited, and to said third coil when said
second rotor (6) 1is actuated in rotation, said first
coil being then short-circuited.

15. Transducer according to one of claims 12 to
14, wherein said supply means (70) are arranged to allow
a stepping operating mode and a rapid or continuous
operating mode of said transducer, said second coil (23)
being connected to said supply means when a stepping
operating mode is actuated and to said detection means
(72) when a rapid or continuous operating mode 1is
activated.

16. Transducer according to claim 15, wherein,
when a rapid or continuous operating mode is activated,
said detection means (72) are arranged to detect zero
crossings of the induced voltage (U23) in said second
coil (23) when one or other of said first and second
rotors is actuated, said detection means being
electrically connected to said supply means (70) to
which they supply an input signal wupon each zero
crogsing of said induced voltage, said supply means
being arranged to be able to reverse the polarity of the
supply voltage when they receive one said input signal.

17. Transducer according to c¢laim 16, wherein

said supply means (70) are arranged to allow a rapid or
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continuous operating mode in both rotational directions
of each of said first and second rotors.

18. Transducer according to claim 17, wherein,
when a rapid or continuous operating mode in a forward
direction is activated, the supply means (70) are
arranged so that the polarity of the supply voltage is
reversed each time that one said input signal is
received.

19. Transducer according to claim 17 or 18,
wherein, when one of said first and second rotors (4 and
6) is activated in rapid or continuous operating mode in
a backward direction, said input signals received during
an initial period of time having a duration greater than
the duration of a first pulse have no effect on the
supply of the transducer, the last pulse supplied before
the actuated rotor stops being of a greater duration
than that of the pulse which precedes it.

20. Transducer according to claim 19, wherein
said last pulse is at least substantially twice as long

as said pulse which precedes it.



