[\]"_" e3e&#D 6Th**cooooz* - 7 JAN 203 METHOD FOR CONTROLLI NG PGSI TI ON
SENSCRLESS AWWMIHMRQ DEVI CE THEREOF, AND METHOD AND DEVI CE FOR
FREQUENCY- ERSI ON MAI NLY USED FOR POSI TI ON SENSORLESS MOTOR
TECHNI CAL FI ELDctbboe« present invention relates to a method for cont r N zw a
posi ti on sensorless notor and a control device thereof, and also a netho
and a device for frequency-to-voltage conversion nainly used for a position
sensor | eETAMDOrQR anKir RO ANpard SICUbRIdER sOALRAS srEebioR AamdcENTReL Y IWiEi ch can
make accurate positioning control of a notor when controlling by using a
count er ETHRRECERUAND/BETHOIT 8NP IEFICE FAR FREQUENCYCEPHSOL BAEKCROUND IART The
brushless DC notor is often used in viewof its long life and | ow noise for
ot or - dr i NAERIJe VPER SEF FORBT 6PN fENFORLEBE MM Ps used in each field of
i ndustrial world. For exanple, the servonotor, the stepping notor and the
li ke are conventionally used as a notor for positioning in order to
r eci procaj&,i Q%nﬂé}% head of an ink-jet printer. The servonotor has a
position sensor and a speed sensor to nake positioning by close | oop

control . On thempt BRLsHANd nybRes i %QEEE‘QS T Qrmd BHERS £ 8P Hdnc@Bh MphP¥ OPEN

| oop control. The servonotor can provide very accurate positioning control

but requif@s tdoneEyn Y=t RoEE&NSRId andomt 5N cepbeXxtrarbirol andkasef ore, it
has a drawback that its controlling device and the |ike cost high in

manuf act ua ineg-hodhend tae pieivihge NbdroIf requendne-taitvel t Aga dsordeesinntmaisdya sensor
- 7 JAN 2~~3 of any sorts to nmake the open |loop control. Therefore, the
used for a position sensorless motor, and more partlcularly to a
method and a device which can make accurate positioning control of

a motor when controlling by using a counter electromotive force

produced in stator coils.

BACKGROUND ART

The brushless DC motor is often used in view of its long life
and low noise for motor-~driven devices and motor-driven mechanisms
used in each field of industrial world. For example, the servomotor,
the stepping motor and the like are conventionally used as a motor
for positioning in order to reciprocate a printing head of an ink-jet
printer.

The servomotor has a position sensor and a speed sensor to
make positioning by close loop control. On the other hand, the
stepping motor makes positioning by open loop control.

The servomotor can provide very accurate positioning control
but requires a very accurate sensor and also complex control.
Therefore, it has a drawback that its controlling device and the
like cost high in manufacturing.

The stepping motor, on the other hand, does not use a sensor
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controlling device and the |ike therefor do not involve a high cost in
manuf acturing, but there is a drawback that vibrations and noi ses_are
liable to occur in use. In this connection, Japanese Patent Appl'il:dﬂihbﬂﬂﬁa
Lai d- Open Publication No. Hei 10-52094 proposes a technol ogy that
vibrations and noi ses can be reduced when the stepping notor is driven in
position sensorless close |loop driving. The stepping notor of position
sensorl es Y etects rgtation position of t r by ,virtue of a
counter é’l%eg[l#o%l’) |Sv§°f '3?%% %}eoc?gggdg?cﬁpscfoear}r%orf)&éo:&?}s??g%ﬁé?'eft&ee, t he

rotation pasiti PihPhel e %%C‘Eheci‘gﬂé’ttr@%e%i R xg&'t whenibbe HP&}PE:Sisﬁt .

st opped. When the hotor 1s starte synchroni zed operation 1s” made

excite the mdmifaktGpihg, bt PHaehrioNh zabivBackithAt ¥iBestisas@mrardspul se in
the sane way as the drive of an ordinary stepping notor, and when the

count er elrecliamid iteeoboneein agehesim tHrawe kosnddtivingntlapanest eat-ehhe
rotation position of the rotor, the position sensorless operation takes
over frompphécayirrhiendzepen gatdtiicetion riNg hdlepoiPtiBP4c ompposesyst em of t he
position sensorless notor as shown in Fig. 8, upon receiving a deviation of
t he presd®chpaieqy dhagevibradiang anfobreisern BosPei Briurecerber heom a

commanded position, a Pl ¢ ensat or, so controis to_bri rlgf)t he i?{resent
I

. Y . . .
posi ti on T6PRYPEFORPE H-5 ALt ¥ RPEFEHBBIFESRT LS T EAPPOICPRETBRE i nto the

motor. Were t'%%esé’@gé}ﬁﬁ%”?nggaggﬁ ;‘PCJS‘?&?L‘SQ e '1&9989%}%6 d%fte@tl:.oz?‘d on the

notor, it is necessar g I'nCrease a frequency of a position
command RYWeseioh Bokht S0 3FCend RELIPIRY viStdPbAlLdohMt &Y BELEOIBRE AN Wi th

t he position comrand pul se during thé synchroni zed operation. 2 - | JAN
208 But ,foMaenpidiceMnehraiiitaedcoPry at rRérd orehatged-dratibe gaagitiban

sensorl ess operation, the notor position agrees with the position comand,
and a dewifatthenrdeimeannbhepe bixterted" @en Whenmbher dievisdbppedi sWhéh, t he Pl
conpensator has a settled result "0", and the notor has a drive voltage
"0". Thertéfeometon he siawedspewrhhioppeed TMRaratipe isurpde Hoeo¥titst thhe
counter electronotive force produced in the stafor coils drops, disabling
the det ectiaGRTofPt e IR0 RRFRAPHFSELPB I HTh thBOFHHAR CEBHRRY Cyllthere is

a possi bilily phal. [ e Besihlion SPNSOLLEss  kYEcANNQL (Be MRLE,naRd out of
synchroni sm fay be-calused béCalse the posSiti‘on Sensotless frive can not be

made. Eveld éodrﬂ%rcgﬁtecgfro%ngrﬁé 08-S eQuh &k DA FUPILRE 1 1O sBeRLe | argely

changed as shown in Fi erefore, after shifting to the position

sensor | esgheORBEAt i) pode¥ishi ONIIR @oB6EHMHALELI t Do AemRo¥IBEatioNs in the
system and settling tine becones |ong. Wiere the notor decel erates and

st ops, t harezrathiyn beakesdpaabatkon e shecleomized epecdtriompti ve force
produced in the stator coils can not be detected because of the_|owering of
the notor speedn &he pPsiiprheontse isyséatisedl, then®ost ther GildSorApdssi bl e to

stop the notor at the target position. |n view of, the ci%%gmstance?
descri bed*395ves SH°}$?i‘r?aF$golﬁee‘élf‘mbfreFﬁéVb‘P%?e‘?ﬁwiaﬁ\ﬁﬁt‘? FPH5Brovi de a

method for controld g, Ro3i 1100 SeNSOrd 898 AR ANEL S QORNAl dgVi ce
t her eof W e4n securel W &riVE eVEPH position se_nsorcf ess notor and stop
It at a E@Jﬁ%ﬁ.oﬁp%' Bt Qg?pgﬂamhgnt%‘lé Egﬂrghg&ﬁmbrﬁﬁsénmpﬁﬁgi%ibﬂk to

commanded positions while reciprocally noving a printing head to print
char act erto agde®iWGUr B%e MRmAafiEEbosMioh R BBE €01 Bhe rigpiuRr DEES ithe

motor.

Where the speed cannot be increased quickly because of a load
on the motor, it is necessary to gradually increase a frequency of
a position command pulse. In this case, the motor is rotated in
synchronization with the position command pulse during the

synchronized operation.



3 -1 JAN 2003 the printing head is called a CR control notor, for which a
hybrid type stepping notor is used, for exanple. One exanple of a_

mechani cal structure of such a conventional hybrid type stepping mZt JANW08D
be described with reference to Fig. 12 to Fig. 14. This hybrid type

st'eppi ng notor has an opening on top and bottom portions of a casing 201,
beari ngs 202, 203 disposed in the openings and a rotation shaft 204
rotatably suppgrted.b e bearings_2Q2, 203.as sho inFig.,.12. A rotor
205 i s nount edg%%' t%he%r %thls%lhc}]sﬂog’fltze O%?erl‘%elorno or® egol}:rrg)r}:ré%s a magnet
206 whi ch L $ 4 G-  xed Ls £ r ot or
pol e pi e@%s 2 J‘F%ég %%ﬁogggaf'#ssgr ttré‘g r{lcﬂ:?’gr ?ﬁgﬂr%thatﬁpgn %ﬁgﬁip 4 and

fixed topbhecinp BRMaRO! AR Qf ad e tTBANSE £ a8 tidie HIRAABE PH0. | fhamyneti zed
in a direction of thickness (axial direction), and the rotor pole pieces

207, 208theaidvdarednafs Mayereet stefimpehabesr hAssh afetit1289%rdsalaoncentrical |y
di sposed around the rotor 205, a plurality (six to nine) of stator pole

pi eces 2apddihe uptpoded atdmipealolrrager Val's Ghetdfows déhefmating speed 205 of
the stator 209, and each of the stator pole pieces 210 and the rotor 205
are nut udFePRs oppbeRd tlie RUBPYpdEdeRact ridieacpiririt #LRFREMGipeh force

t her ebet ween. d, stator coil. 211 is wu .around the respectjve stator
e o ebestunt n fhe pEhfor Rilg araps o IiRa Hot FeBErEEoD Phnths o

di sposed_gp_the | eading end . of each of .the statqr pole pieces 210 so to be
oo oeqrPRat 1 L Rdn K cole E8E0: O chREdidlal P& PIGEES 210 20 tO 2

and Fi g. pldsi vttt Ach@ $ReIWDRS ohCsertbor188) &fivaMBLindiOB8L PR, €3ng07a are
formed on the outér periphery of the rotor pole piece 4 -7 JAN 2003 2 07

as shownoli &t Gynchgodiléh May beldaused Wekatiby the b3kPLidsEREoklass J -
36) of small tooth poles 208a are fornmed on the outer periphery of the
rot or podeipe ecsn 208 bPseeadd.g. 14 ) . The small tooth poles 207a of the
rotor pole piece 207 and the small tooth poles 208a of the rotor pole piece
208 are arrangBuennifytheapet difsglyackeembiysm chald Qs evhidedndihg apeeshged with
a phase di S£)| aced bx 180 in el ectrical anggl e fromone another.
1s largely changed as shown in Fig. Therefore, after shifting
to the position sensorless operation, deviations are accumulated
to cause vibrations in the system, and settling time becomes long.
Where the motor decelerates and stops, there may be a drawback
that the counter electromotive force produced in the stator coils
can not be detected because of the lowering of the motor speed, out
of synchronism is caused, and it becomes impossible to stop the motor
at the target position.
In view of the circumstances described above, a primary object
of the present invention is to provide a method for controlling a
position sensorless motor and a control device thereof which can
securely drive even a position sensorless motor and stop it at a
target position.
For example, an ink-jet printer injects ink to commanded

positions while reciprocally moving a printing head to print

characters and pictures on a sheet. And the motor for reciprocating



The stepping notor configured as descri bed above has the rotor 205 rotated
by switching an electric current flowed in the stator coils 211 i

synchroni zation with the pulse input fromthe outside, and its 5&3&#@%80%
can be made readily, so that its control circuit can be configured with
ease. And, the hybrid type stepping notor is suitable as a CR control notor
because it can realize an electrically delicate step angle. Such a stepping
not or can_have.its cqntrol circuit nfigured readil ut .an electric
current ie'F P&HR 1'?%%538#? ﬁé?‘lgfgtao?“g‘c%‘i’ S e’é‘%r%’f’eéféro‘gjjt%heap%?]ili‘%n of

the rotorg.di fsft%gglggf,{@ggraigrgggé'e%%éDgﬁe %Per_ or the like, therefore,

uneven rot-ations nol ses are cause 0 vibrations caused in the
rotor. And, in gHddekah9 P6eVELREchiSi QOCYEF 8RO QUchOd BHDERE HM  an
electric current with an allowance with respect to a load is flowed to the
stator cohyisid egpd sitagpimy acdoawddekod Rakciied1oith re€eeeatesoarigr ge

vol unme of heat. It has been demanded to provide a nethod for controlling a
st eppi ng hbtter Fibi.chécan realize snooth rotations and a | ow noi se | evel
through the elimnation of vibrations of the rotor. To snmoothly rotate the
rotor, it is netussirPrid e Sterripy ItOT Pasi 2t GPFLNghen refrrndnd to
flow an electric current to the stator.5 - 7 Z}AN gog,coils \(\A’tl}ya

appr opr i AEYTHPAGEIHE 46 3 §253R9I AodBPatiesha0a §é sBUSRF SR LRI 18P det ect
a rotati o, RAsiL QN OLokhes LOLRLe: Ul ok NELG AL G raubagks.d Bal, {4 d equi res
a nmounti n'gbspa € and an extra cost, and a mad’ne PR “the ehcoder can not be
magnet i zeglyo TheRBehQr Snowd inSFpQt Practical to have an encoder. As a nethod
for detecting a rotation position of the rotor, therefore, it is preferable
to adopt a posif ireRosersHtkatsuneihel tWai £dtdtlibhi ARFA200UNGE rotor

el ectronotive force produced in the stator coils. On the other hand, in the
hybri d types stoappisegs rotegnett 120 6swhaidh tisotnsegyakedsiity/ andffided Lottdre pol e

pi ece 207 and the small tooth poles 208a of the rotor pole piece 208 are
conf i gur edotarieavahaiie? ¢4 pand sogon pahd pikase 2872 28§udiiqhoarmdénsertnd as
shown in Fig. 14. In Fig . 14, 8 =8 1+ B 2 is 360 in electrical angle .

Si nce t hel?R shepettetdioBcgRaip204ane fived ko fhg fon gedkmitam of &fal |

tooth pol es 2Q7 20 nane 6 of them.and are.small in_sjze, the phase
angl 6 b 1R AR5 pnaBs "aRETL 20%3 gtiton -8 et Eftmon & ShEfkadTE,
because of.geyi ali-@Beidd) fakbl CAL I A RCEUTAGY: esa888 M deNd r8CE LY. I N
such a case, a magnetic flux density produced in the space between the
rotor 205canchyidtedstaédr pA@2edoes not becone a sine wave but mi sshaped as
indicated by the solid line in Fig. 15 (A) . As a result, the counter
el ectronoti ve fBitetpr @d3ciedconcdrnterishalgrdicpbbed 3tduddehenattdyreZ@ive a si ne
wave as indicated by the solid line in Fig. 15 (B) . Thus, it was found
that a pefiRWIGLiZYpledx Hel nipgt|ef statarpeeiopisrea Mhasehdisresrd e did
not becone equal . I n Fi qg 15, waveforns indicated by the broken |ines show
n

a magnet i 8¢ AR LgBNSTRRLEnan dFheodikte rleFRe 55t $ Y2 OfoF R SHIEAT ARG 8 2 |
Therefore en, t osition of the rotQr is tected - 7 SA 03
accordi ngé?‘gg)@ta }éoc%gﬁlﬁ? éFalé Ié@?ﬁ% %ef\‘?a zfqgr%réd gg%(?ﬁ%g %%r? eemtslflé%\'lb_r coils
and the 1,800 O fH QW88 AQvEASS birkfe C4FhHIYd itheHeBbBhe &) | 8nbiS
determ ned ‘according to the detection, the timng of flowng an electric
current naysteeendEiNAPPrigPhodice adtend @hderd splelc0ibe istaltbe prGhpNe: €

preci sion of the notor. And, such a drawback is desired to be solved. Were
the cl ose2lo@op control is conducted by the position sensorless nethod, the
counter el ectronotive force produced in the stator coils is used to detect
the rotational Bpdadadityhe.getor) af dwddr tortth npbese 218akENehdigpes’t cont r ol
is made according to the detection. Therefore, there may al so be a drawback
that the €BrtholeprLRY s§h of seaBweLetine FEater dRARPILE6AES i MG K8 FRMfani cal
precision_of the rotor of the tor. d it is desired, to solye such a

dr anback. 2RETHH AGI 39 §Bgo+1%tptol9j1€8?gb?nst i °‘6r§éeer‘ffnfﬁ§ea}ﬁ i%ﬂwf’slr{ 0

Fig. 13 and Fig. 14. And, a large number (e.g., 36) of small tooth

poles 207a are formed on the outer periphery of the rotor pole piece



provi de thereof a nethod for controlling a notor and a controlling device

t hereof that even when the rotor section of the notor has deviations in the
mechani cal precision, changeover tining of the energization of stat JANc@883s
can be detected accurately, and the rotor can be rotated snoothly with a
noi se level lowered, and even if the rotor section of the notor has

devi ations in the nmechanical precision, the precision of the close | oop
control ¢ revented from | ring, d. furt her i he rotor
secti on ofotAS TSR £ (T RetRL 10 | BRI SR REGe B0 (L4
changeovesef idH Oga P 2RERGIAL 9B LfarthBoitd Qh G lhireabdia iRtgcd£d
accurately and the precision of the close loop control can bé préevented
from| owethéGotBs SISCHi HES 2aB0VSee Filg ONIAET, t1heL ORAT DltoblR gBMeR 201 e
position of the rotor Is detected by detecting the counter el ectronotive
force 7 oflthPANo2003pqlrenghieed 207 bhe shaisamltotdsthmpbhest20ta nf thesensor.
But, when a star-connected notor nakes the PH Mcontrol as a neans for
varyi ng thetemiralespéede 30fe azounrrangsidednr antitatee di sptaceshipyba betfect ed

wi th ease because a voltage at a connecting point of stator coils of the
not or (heP&telnf nemetylRrsangetheisha phagodispéaerbbyi Hfbointelesk el
becones abou]tC one hal f of the power voltage in the period that PWMis ON,
but the d8PLEYiTd™HERBNER ¥ Ficult in the period that PAMis OFF because

t he stator-coil s | hg- poj 0 0 tQr QNES itive
potential or ne%%‘%?‘@g&%%‘%&e]ﬁ??% g%?yﬁ*ug%%gﬁsoée%%%bggc? \?c‘)}fg' ?’ ;age. %?%for e,
when the By .canfeal v %wﬁ%%%&% el bot 51 RGeS SRE Yellhedel Gt BeacouNt er

el ectronotive force after renoving an influence of PWM To do this, there
are propogedla 2net 110dyAEhPEricRES bAGridnt €hdThldbe MRbLBJR-oM the aukeVuPASS
filter, a nmethod of detecting the counter electronotive force only when PW
is ON, andnd irmstiwd tdong halyan ke mgde readi Hpoisntthasl temeontreheinour by

si mul taneously turning ON OFF the positive and negative sw tching devices.
Accor di ngceb Reheoafbgased ¥ikbt ¢Rtf ushbrgy tthe hbwlrﬁg§ypﬁi $EPPINGHBOERY i nal

voltage i s passed through the | ow pass filter and del ayed by 90 degrees .
Ther ef or e}®i ?u’n%?g’l&naﬁd%aﬁ SHEERAMYGRF BSAANEALY oD %‘Fﬁbl)c/%r?"be obt ai ned

wi t hout proyidi. S te delay circuit . But, a filter output waveform
i s defor nggg%igéeln%oﬁg gg?1{<%aweolsl(:%§8ea%%%eéari ng in the notor termnal voltage

i mredi atel y af t gfich REsCIPTHLAIRR- callRESE QEE coebe dischidiiadygniage that
when the notor load is increased and the period in which the spike voltage
i s causedrbgeeDIEsSblong elder Bt adntofs GaBRed dheolgHamCcstddretyildhe

met hod whi ch detects the counter electronotive force only 8 - ? JAN 2003
when PWM rsg&Nlsmys af dineabed itiperédithe triveoeomhififatrenh fwena ibirushkesot or

| oad is increased, by prohibiting the detection of the counter

el ect r omoPFVBOIT @& ¥heth’é<epe|theﬁef9ﬁﬁr UReveR| jetafdrpagand $1od468e¥and t he

period that th$ ch\Mis F. But, it has a_di sadvantage that the cjrcuit
scal e becGRBESY Ye tBe¥LUERLPTS FRUTFEY S} tgfeoﬁ?*b‘?’i'i ngn‘f‘he”ﬂ@tr ELi oh of the

counter e Y ce is required an C . ction
i s del ayehglg%ém%ﬁ\/\ﬁf ‘?l[erqeglgﬁc§/£iogﬁné§ | é:% rgﬂg%rg%\g%g%%%e?s{é tQ ﬁgggﬁgr e

dr awbacks yt bRt 54 ha 19LaheL GRS '::QQ?Q@G@J‘Q' POLALi &V ¥hbREE {5 ¥R kededargely
while PMMis OFF, so that the voltage of the no exiting phase is also
changed | abges y reantt thg B8 8rEAGBaskithe&Nthé hoYsr heh¥Esied Headyé Pulume
capaci tance of the switching device and the notor coil, disabling the
accurate détkheston of the counter electronotive force. The nmethod which
turns ONOFF the plus and mnus sw tching devices sinultaneously is
described in, faf kxahsiea domyrdnss &0 RnaiideApphstdwmd dar L eantropdang a

Publ i cati on No, Sho 59-172991 or No., Hei 2-20636. Japanese Patent,

Appl i cat i 6HCPRIRE BPERT PG SRR oFE NG ZeSHRCHY! F953BY° G0Es3 dLVaPEF i nal

vol tage wi.th the | ow pass fjlter and ther.efore has roblemthat the
commut at | 6RVE nﬁbr[ou(gg %Eaeejaﬁw&ll@yo%é' %ﬁgél%?st e PRcFRR%% of °t he not or
| oad. And, Pat e icatpo i d- lreat i iR

2- 20636 nes"e“égeﬁg‘? isrﬁ"pt&t%t Eées °gét°5ﬂ-%%i %%&%ﬁ%ﬁ?né;&?gk%t&p%%% al’of the
term nal yektadsn ¢ &he rbibi ensand ciberaf eiechas audravbackeidatatbe notor
cost increases because it is necessary to have a line to enter the
stator-coil s-connecting-point potential fromthe notor in addition to the

probl em of the increase in the notor Igad. Accordingly, a third object of
the present invention is to



provi de a notor drive device which can nmake accurate commutation 9 - 7
-JAN 2003 wi thout being affected by a change in the notor |oad or the PW
frequency. A conventional motor control device for driving a nmotor-ifsJAN 2003
provided with a frequency-to-voltage conversion device which can obtain a
DC vol tage proportional to the frequency of an input signal in order to
control the notor speed. An exanple of such an anal og type

f req!‘encyéé%svﬂér?‘%;i&gg%ﬁgt%i %@d?.%“ “fo gg;g%r | §r?_§.n@08£&e‘c§n°3e disposed

mul ti pl e-vi brator I"I't er donsi'sting of a resi'stor R and a

capaci t ore£ragasiPWathBt |l Got 3ionl Pod e I SEUPRCYs LS VOBEATRhEPOELSI ON
devi ce configured as descri bed above, for exanple a pulse output froma

not or r ot @tdwdacHet BGItOR ti SeiARRN 4 @duhbl Ay it YakdanOe £0Fd @5pONdinag to the
rotational speed by the one-shot mnultiple-vibrator 401 and snoothed by the

RC filtera4Gnethis; thleeercoderobtal ned be Degnadizzge aBhextedwre) nit Hes
drawi ng. But, the conventional frequency-to-voltage conversion device has a
dr awback RPattragetperl it delvayen dnaesdgse iAs Ramebhed | fay deteabing such as the

RC filter 402 to reduce an output ri ggl e. Wen_ a hi gh resol uti on_encoder
can be usEFHLOPRESALIPEBLE HhaBPEPTr SRaFsirdet R AL fERAPHRIEA WP Dot put

can be dectgased, because e, AULpUL, T pRLE SAN be TREE, TBLL YL MKi ng
force produced in the stator coils.

On the other hand, in the hybrid type stepping motor, the small
tooth poles 207a of the rotor pole piece 207 and the small tooth
poles 208a of the rotor pole piece 208 are configured to have their
phase 81 and phase 02 equal to each other as shown in Fig. 14. 1In
Fig. 14, 0=01+62 is 360° in electrical angle.

Since the rotor pole pieces 207, 208 have such a large number
of small tooth poles 207a, 208a, namely 36 of them and are small
in size, the phase angle 61 and the phase angle 82 may not be made
equal to each other because of deviations in fabricating accuracy
or assembling accuracy. In such a case, a magnetic flux density
produced in the space between the rotor 205 and the stator 209 does
not become a sine wave but misshaped as indicated by the solid line
in Fig. 15(A). As aresult, the counter electromotive force produced
in the stator coils 211 does not become a sine wave as indicated
by the solid line in Fig. 15(B). Thus, it was found that a period
of a plus half cycle and a period of a minus half cycle did not become
equal. In Fig. 15, waveforms indicated by the broken lines show
a magnetic flux density and a counter electromotive force when 6
1=02.

Therefore, when the position of the rotor is detected



But, when a position sensorless operation of a brushless DC notor for
-exanple is performed to nmake comutation by detecting the counte] +AN 2003
el ectronotive force produced in its stator coils, it is difficult to
enhance the detection resolving power, so that it is necessary to increase
a‘tinme constant of the RC filter 402 in order 10 - 7 JAN 2003 to
decrease the output ripple of the conventional frequency-tovoltage

conver si aRexl 48 co TS ELANi% WNEN 18- C00MRALEANAaLLaUIDRY Sk up! t age

conversion device Is used tor the position sens rive type notor to
nmake thecgk@sealP@ReCOMITRY oft ARIE HgSaR difahackebihaint @spaRsSisthtyr can not
be inproved due to an influence of the delay in output fromthe RC filter
402. Andcowherie ddierpofed hOBoBERITEPLd RS dditk¥eids, ERadimti g oftflewtagnt er

el ectronotive force is not produced in the stator coils when the notor is
not oper anhi electiiencuthentposiyt herrnef ihfppraimdateadwdttobdeded Eoinedin
Accordingly, it is forced to make commutation by neking the synchronized
oper at i offheomeekaniaaiePretbrioneifchhe gnqlivan ARl Stighed dFAYHACK d8t ect abl e
counter el ectronotive force is produced in the stator coils, and the shift
to the pOSFLFBN SefSorPe¥eddrive is made. In a | ow speed rotation region
before shifting,Lo.the PASLL i, SERSOLL£95, dId B LOITEAL dogsdldyen in
t he synchroni zed opefation, nahely 1 n an openqoop, amd the cFoseIToop

contr 0l is3n80k: SR e cTONS chUhEhfcbbe (RALERL .| 5o REEESRAUBAAN the

predeterm ned rotation range only or a controllable operation range is
limted, stheogoryEry iignabed ROdeBEYE tdre/ @btaBokelN s OBE dE &8t6AN

provi de power in a rotation range outside the necessary range. Therefore,
it has drawbesdksidddaabéver and sthe bpege conltnor iof madste-cardiag dynahec range
of the frequency-to-voltage conversion output cannot be nmade w de.

Ther ef or gletgctber t hThefelirepf thare haw ahsd be 3 dravoariothele the control
frequency-to-vol tage conversion nmethod and its_device hy which output is
not del aPEGCifiPR AR tgWared fige 6t R Gtdonspe dhreMmaendGap RreCAfige  can be

d, i d ' an, b bt aj ped; d t trol
dovi co o Sertof ¥hEReate PBenantt Pey oo 20197 Syfh 3w ReR sor oBLRe
OF THE | NVENTI cIPﬁianlﬁﬁthsé ‘{x%ln&!)ﬁr)é"l:ﬂ gfatﬂ@;pﬁggeﬁ@inﬁ;%ﬂﬂ%"'snan .
position sensorless notor which I's provided with a synchroni zed operation

and a pogyrich@Be SERIQLEES me®REH HorOBoRtHh 1N3$g0P Glodbl OdhdTRASs SWILERhHT Means
for switching between such operations, which conprises the steps of:

exci ti ng cxivater ticatdct @hat hevdiDwhEni the \watbi-oséataidro fwehé motpashés on
command signal during the synchronized operation to rotate the rotor;

det ect i nfexyipdions cim bsim¢churdfcai herewitsdionpaskzhanevesutiving|odcthenot i ve
forces produced in the stator coils during the position sensorless

oper at | orfPeEREFRFIR t AE Trafogr cebld SannPe RS COR AT TR RV h 317 B8t ect ed
rotationd_p(%sition of _th rdotor 1_a_glrot te the rﬁtorl Oe‘}errergi ni n %erqevi ation
bet ween & X8FGER" FEsFRTHFafie e YoP R At PRBET t P8R L TBIRIS Y a7 4ef VPOt at i on
position i@@h{e%t%gt §&§<€1%nr OF AHOR RS hbk Ok '%%%Hisn&tt el AAS kLY ON
command signal,” and naking a positron sensorless close [oop drive based on
the det ergpeRed: gRY ithki P i3Rdn AF0LRG cAoBE OdRLEESATIRA BhRbelprdvaateavi ation
at the time of starting the position sensorless operation and then

decr easi Myomh@owéritng, and furthermore, even if the rotor section of the

motor has deviations in the mechanical precision, the changeover
timing of energization of the stator coils can be detected accurately
and the precision of the close loop control can be prevented from
lowering.

As described above, inorder to control the motor, the position

of the rotor is detected by detecting the counter electromotive force



The invention is also the nethod for controlling a position sensorless
-notor, wherein switching fromthe synchroni zed operation to the-pZ)siAIN 2003
sensorl ess operation is conducted under a condition that the counter

el ectronotive forces produced in the stator coils have reached a

predeternm ned | evel, and switching fromthe position sensorless operation
to the synchroni zed operation is conducted 12 - T JAN 2003 under a
conditio iatli has. b me zero. The_inventign is.,a device for
cont rol | rgeabel i SHY! ST BET IUENBEN g B° S BYRE, (Bl Rt

synchr onizgd - epeséliedNmaPd: FaRAST {1 OPwRERSRL LSS §sog%é€§1—1’-ﬁogoﬁ%n @ﬁg an

operati on nodeswi tching neans for switching between such operations, which
conpri sexheSiat&F speiel, dthey ediR@ns dhé &l omethieSrSitad @anCrd |fetbtbhe nmotor
in synchronization with a position conmand signal when the synchroni zed
oper at i owviith satedleeduby 4 velopgs ait ancomtectitigt 661 Mgy areatstandoinken t he
position sensorless operation is selected, detects the rotation position of
t he rot orcihibednetrcdhereinaftsgt colbed vVitHestesoproeilcedonnettingst at or
coils, and excites the stator coils in synchronization with the detected
rot at i on R3St rvoktasge "t Recemroebodkvang heht caf threaPrRr 1iedfagaHinc khe

determ nes _a deviati bet ween a target position and fhe.present position
from t he 5568 Pg i %}ha%cgﬁﬂﬂ’rﬁj Ogﬁgﬁ'é'f t%‘r?dg?ﬁ"eg‘a’e"t"ekfgﬂm?%t‘}é&i%éﬁu%bﬁnt Fgﬁ of the
rotor weliBe BN il S IO LLES T ORAIALL Do S-RElLEbRHL BV 115, gRET LT On
node- sw tchi ng nmeans; ‘control neans Ich Cont rols t he arive o e stator
coll dr | W@1a8g0% AR HbRG: ik ddiRs08Vhal] OvedBbeLRi N0 Jay nkfge v ati on

cal cul ati on neans when the position sensorless operation 1s selected by the
oper at i orporedei M dfC RhagmieeN SppaiddbiestLgnt rol means which adds a
predeterm ned bias to the deviation determ ned by the deviation cal cul ation
means i mredi at @hpraféer, when sbkatiM omiofolt he pposotmant) serisordcessapper ati on
by the operation node-sw tching means and decreases the bias with a | apse
of time. tPadeteqt e ZOPBtARE LecheonplEvR ifoFcesafirRr depordéng ;an control | i ng
a position _sensorless notor, wherein the operation node-sw tching nmeans has
f r equency-1red807F M¥¥ns for neasuri ng a frequency of the position conmand
signal, swtchgs fromihe, sy ghroni ed oggrgtnileocr}lmt o, oSl tiinon sensorl ess

he
oper ati on whena frequércy o tfe |§’0§Pt°|son comman s%g%% cEXcedds a

predet er ieRedny 8l WA £ag8dy M LNKSphEE MAA%l! O ma@ASE d £35S ORSHRY LR tO the

synchroni zed operati on when the deviation becones zero. The invention is

al so a mMydiadet 0814UHONOLL OO 3 BOSHT § AhheTERRAT | £, MAhAT a WhitEBai §£ pr ovi ded
wi th a synchroni zed operation and a position sensorless operation and has

an oper atstepirbeasthehmhgoadeansofioags w i dihengobet imersisuthamgersdyi ons,

whi ch conprises the steps of: exciting stator coils of the notor in

synchronitzlétniiaﬁ QWAQFFathe positive and negative switching devices.

According to the aforesaid method using the low pass filter,

the terminal voltage is passed through the low pass filter and delayed
by 90 degrees. Therefore, it has an advantage that the commutation
timing can be obtained without providing a separate delay circuit.
But, a filter output waveform is deformed due to a spike voltage
appearing in the motor terminal voltage immediately after the
commutation. Therefore, there is a disadvantage that when the motor
load is increased and the period in which the spike voltage is caused

becomes long, the commutation cannot be made accurately.

The method which detects the counter electromotive force only



positi on command signal during the synchronized operation to rotate a
-rotor; detecting a rotation position of the rotor based on counLe'{J 2003
el ectronotive forces produced in the stator coils during the posi iAN
sensorl ess operation, exciting the stator coils in synchronization with a
rotor rotation position signal indicating the detected rotation position of
the rotor to rotate the rotor; determning a deviation between a target
position and bR PI exePL, ROS tr'a%@1§(r);féPf%ana{EQ@Fco‘ir&?Ju%Ltﬁ& RO {prnd the
detected rotation position of "the or according to the position comand
signal, aglcidio)édy katiegrahsd@l B¢ HonliBer P& ehBidaed cHeyh kI 1312 EQuite

devi ation, determning a rotor rotational speed on the basis of the rotor
rotation $nsitroddt sveFalkceMBkitRg gSicdd ORa s @nsosp H&S vel Osd liso@aubedve on
the basis of a val ue obtained by subtracting the rotor 14 - 7 JAN 2003

r ot at i onadnd pbeeiriom tarmtadse ttWMalueFBf B¢, dity has iz0di sandizarivagie nithegr al

val ue of the deviation; and setting a predetermned initial value for the

i ntegral e géropitincadevhegdinns hWaege thesagpachradmicndt Bpepaehdpitifgswi t ched
to the position sensorless operation by the operation node-sw tching nmeans.
And, the TR/ &REPER1IPR théPRetPiRf TorlEBRE BT 1Yy Farposit FEAUSERS Mdess
motor, wher gl g, oLe. ORenall gn. Iudes swit 6hi ng. eans, hag,l lLedyency, easur i ng
means for®neasuring a frequency” of 't A€ posT¥ion conmand si gﬁa?, and t he
oper at [ 0Ny FOE RGN BESReLNANAES LA ARGEALLONHIIRRLOs L iGROST LT O
sensorl ess operation en a frequency of the position command signal or a
count er e&@pltg-@mhéa@irf@rg%an&m_lta%écgl%r@e&ilra&t;empqﬂﬁtlermmeg o, ue after
starting the synchroni zed operation, and changes the position sensorless
oper at i onsé @hbbeheyneltRpe dgedhenes aki ®ing\brasé he drsdentyediatdeyposi tion
command signal or the counter electronotive force | evel becones |ower than
a second pnedeterananed aairgetafidvishieetdemenathouitpul eapacThan¢aneéritheon i s

al so a device for controlling a position sensorl|less notor which is provided
with a syRéhrdHingetevhed zft"idogh%rfﬁlo'fa’rpﬁﬂﬁ-ioﬁl%@%@ﬂl ER® FpdAELPon and has
an operation deswi.t chin ans for_sw tching between such operations,

whi ch con%ﬁ%cemg‘:onsm%t’%?e c'%uf1 8Fi?/;ee°r}:§$ﬁ‘§£§%?c PiEXci tes stator coils of the
notor i n synchrgn i j it i CORTBA S| . whe .

synchroni zed op@?gat%ll% tghg?s‘yi@sle%?‘egklgggbéﬁ@ﬁg oper a?llsohgérilrla)ﬁdl nEMs;wg‘f&c I nlg:rj1 gmsans
and, whendéRecdiosinti1@BnE6RSO) L 838 s0PHat L AN £be exBhETE lapslidRCP S drite
rotation position of the rotor based on counter 15 - 7pJAN 2003

el ect r onohpyEi darieasLyil dapeadpPubl i fetishaNor sid [59-10229Tidxe NoheHst at or
coils in synchronization with a rotor rotation position signal indicating

t he det ec2ed063R.at JarrnessiRatentFrrlieat béwi.aid-Open Publication No. Sho

59-172991 processes a terminal voltage with the low pass filter and
therefore has a problem that the commutation cannot be made
accurately because of the increase of the motor load. And, Japanese
Patent Application Laid-Open Publication No. Hei 2-20636 needs to
input the stator-coils-connecting-point potential of the terminal
voltage to the filter and therefore has a drawback that the motor
cost increases because it is necessary to have a line to enter the
stator-coils-connecting-point potential from the motor in addition
to the problem of the increase in the motor load.

Accordingly, a third object of the present invention is to

provide a motor drive device which can make accurate commutation



devi ation cal cul ati on nmeans whi ch determ nes a devi ati on between a target
-position and the present position froma target rotation positioen/ A\ 2089
to the position command signal and the detected rotation position of the
rotor when the position sensorless operation is selected by the operation
node- swi t chi ng neans; integration neans for determining an integral value
of the deviation determ ned by the deviation cal cul ati on neans; rotati onal
speed detaehLap W aff%cgeeé eerT‘.a“'cng&‘e MO Yol REALL 01\',1\72.1'01 %E’e@ﬁ he basis
of the rotor rotation position-signal;”control neans iIch™conirol's the
drive of dlagush@or coil drive nmeans on the basis of a value obtained by
addi ng an integral value of the deviation to the deviation and subtracting
the rotor rotak esavernfiesdll hotd:d hdnaddedisaloeerof dhieridgva atdter asd the
integral value of the deviation; and initial value setting neans for
setting arvéded erifinedfrequeraly-tatveltsyd lwenivat eipraldevate edtdfcht ken

devi ation by the integration neans when the synchroni zed operation is
changed t®tghe HBSVOLEAIS Propprebenadpbe dheotrasipensdes @t infut sporatli on
node-swi tchi ng neans. And_the invention is the device for controlling a
posi tion 1§’eﬁ§8?¥e"s% WHEEPL e mMatRrt ARe®fber at i on node- swit chi ng neans has

frequency neasyrin ns for asuri a_frequency of the sition command
si gnal , changeg‘nt ﬁga’r@%ﬁecﬁrfoﬁf‘lfgga'bpa&a Foﬁy?%q%? 4 BSYfF%_rVOQ%ﬁgSrI ess

oper ati ofoiiens e JeaddCaGAlsdsNE POSI oG PTRIL (3008 Qfordafigunt ef

el ectronotive force level eXceeds a first predeterm ned value, and changes

the posi tiPRcSENENY @99 SHREAIHidR 46 a reshs+ON ROULR 0chPscsdichr ggi zed
operation when the frequency of the position conmand signal or the counter

el ectr onaiHowa inrmiey.l ezel becones | ower than a second predeterm ned val ue
and the deviation is zero . The invention is also a nethod for controlling
a notor whi ch detdet Sragquemanttoofrot hagricegvarsmmtevied eonfbgmided/esf or ce
produced in stator coils of the notor fromplus to mnus or frommnus to
plus, dedefssiepAPosPer L2T FFAGPLE 2 MELGP P HPUhEr ST & BPtebigoFap}orddi ng a
delay ti E vvi%h reference t‘? f he resBective, det ect ed ments, and flows an
el ectri c CIPFERT 1D TREEEEET P00 §Ub% THE DESFECHONHEINER thY changeover
timng of, fAR10hZALLADALY LAl Bhe- LG hO1 Ol LOIRALLAl hEPdnbibiddidhaline del ay
time is a measuring time-which 1s anong neasuring tines obtal ned by

measuri ng,yach e PEIeMRLH0 NeThESPepkk¥ 6 Usbect R SRS SrAedas ahbaaponds to
a positive or negative period of the counter electronotive forces. And the

i nventi onid $heherawidyad for controlling a position sensorless notor,
wherein the delay tinme is a tinme obtained by sequentially nmeasured tines
bet ween t he red$wsettiheccatsteatt edahfreaqtenandousd gpdeheonvensinhideNics t he
time neasured earlier by one i medi ately before the decision of the

changeovdi2st # fEavrcle Ry PHEPBAS d@veR\RamUSA fitshat adfid tas\rlcmepsy
controlling,a_position _sensor|ess notqQr, which copprises: position
det ect | ons‘%é‘aﬁg X Pﬁr&dggi&’ﬁg_% ?té’t GFgﬁg%ﬁr} SHEEP natPHaTdi cating a rotation
posttion of 2 LRkl s i AOIDALL AL FOURLSTe:P L8R YL MBLL s LRECEH.R5agHCed 11
stator coils of e not’or w a

motor rotation detector, the delay of output can be decreased because

the output ripple can be made small even by making a time constant

of the RC filter 402 small.

But, when a position sensorless operation of a brushless DC
motor for example is performed to make commutation by detecting the
counter electromotive force produced in its stator coils, it is

difficult to enhance the detection resolving power, so that it is

necessary to increase a time constant of the RC filter 402 in order

10



predet erm ned vol tage cl ocki ng neans for detecting a noment of change in
-the rotor position signal produced by the position detection neans and 17
-1 JAN 20Q8 neasuring a tine between the detected noments of chan§efAN 2003
energi zati on changeover timng decision neans which adds a delay tine with
réference to the noments of changes detected by the clocking means to

deci de the energization changeover timng of the stator coils and uses as
the del ay tj ) i rres i . L] and negative
peri ods )oéfo %i eréci(}'ﬁen{%glrg g‘lﬁgxg‘tlér Oﬁpﬁgé’?&?ﬁﬁgﬂﬁg%‘%ﬁl Eggé%%ée{%/ ?{Ejrres by the
cl ocki ngvaRaRge AHre@%¥ebhi By MRANSTAN e filr@W DifefHRl 86hT4Ce GHanent to the
stator coils with the energizati on changeover tim ng decided by the

ener gi zatfireueNanaeewel thddr dhvdesh 6h OlleViRANS s ABSd e itR¥Eepds i dnS t he
device for controlling a position sensorless notor, wherein: the clocking
nmeans sege@brbibédsy daévectyper moktng tandakal thengledgeloopfl coherslnt ahepesi ti on

si gnal produced by the position detection neans and sequentially nmeasures a
time bet weeh €FWkictkeéhatl mRpeNsiyatyt¢rn a1edr e zimprnvedhdugevern tim ng
deci si on .,means, when respective edges are detected by the clocking neans,
deci des tllﬁlglléﬁ%?egi°zfatt?‘6nd%}1aa)hg‘éb\?é‘gp?? 5P &het Re Sildedr 488t 1 s by adding a
delay tinme wth reference, to the .respective nogents .of detection_and uses
25 the dol ay t RS (TS Bt R EE B PRES e T RELLs &F edPTTaredy BRe

i medi at eloyinpef %&Gc%%&%@e%%kgois HB€ HRALIEE Q.::rxi Gk Qbﬂlﬂ.ﬁgé{ﬂs Whahng by

means of the cl ocking nmeans. Invention 1s also a net or controlling

a posi ti @heSRSR | €D MO FatWhigGh BRIGCESe poBE1dn B8R e BotOF QanhYytLVirtue
of counter electronotive forces produced in stator coils of the notor and

rotates teadateictedby Adcovtiigg By, et e@stfiireéed omaike dommiat sémbomakahls on t he
basis of the detected position, characterized in that a nonent of change of
t he counttée eyechrarisedverémattion tonsphus the moton, JWNcROQS themri nus or
frommnus to plus is detected, a tine between the detected nonments of
change i STEASIRRF URtidt aridinatabpecaoyttatheleatermqtdvgefe¥ef risd from t he

average of two ti, cqorrespondi ng to.the ,plus and mnus periods of the
counter Brattretaniibe SHaFeE oy crHensatrdy finedtRs tHnses e85,
contr ol idgiggr{grm_accordi ng to the determ ned rotational speed. The
invention is also a nethod for controlling a position sensorless notor

whi ch detects anppséblispBe@froRat bRkefYo bEkYLe Shi £OLHY €5 tBL i @RBhi Ve
forces produced in stator coils of the notor and rotates the rotor by

fl owi ng ameneberéss Arivé, €Ré mblot e &tidtedrirc ohé SyAthidif ZedSdgerat ibhg

detected position, characterized in that:
namely in an open loop, and the close loop control is not made. Thus,
where the control is performed in a predetermined rotation range
only or a controllable operation range is limited, the conventional
frequency-to-voltage conversion device can provide power in a
rotation range outside the necessary range. Therefore, it has
drawbacks that there is a large volume of waste and a dynamic range
of the frequency-to-voltage conversion output cannot be made wide.

Therefore, a fourth object of the invention is to provide a

frequency-to-voltage conversion method and its device by which
output is not delayed, linearity to the rotational speed in the output

range can be secured, and a wide dynamic range can be obtained; and

also a motor control device which serves to improve responsivity.

11



a nonent of change of the counter electronotive force fromplus to m nus or
-frommnus to plus is detected, a tinme between the detected nonents of
change is neasured, a rotational speed of the rotor is determ ned” itJANe?ﬂﬂ.?
every nonent of change fromthe average of the |ast neasured tine and the
measured tinme before last, and close loop control is nmade according to the
determ ned rotational speed. The invention is also a device for controlling
a notor, which conprises: position detection neans for producing a rotor
position signal indicating a rotation position of a rotor by conparing

counter edRCHLOTRE I Ve TH GREEPFRSIUCed in stator coils of the motor with a
predeterm ned vol tage; exciting neans for flowng an electric current to

the stator coilTheoprésentbasvéntiford he d REHoPBSE tdRtrol g appastitiea by the
position detection neans; rotational speed detection neans which

sequent i addnsodéeestirotmehinh of pregidédngehf rosyhdterardized postdtiom si gnal
produced by the 19 -1 JAN 2003 position detection neans, neasures a tine
bet ween t3d Yepettian sepranlessfonaratipnngd hagmpegatéenieds—av Hethdindonal
speed of the rotor fromthe average of the two tines, corresponding to the
pl us and TfiaNTs LPEr TNt REEYRATh SEFD ePRRAATIADE T VEN ¥y COEPERTY Wi
nmeasur ed één§§b and control neans for controlling the exciting neans so to
have t he Fotat ronal speed determ ned by the rotational speed detection

Means agreedeiiiding LELOS! MANCor e WAKBR LONJribrRlAPa A ARV ARK' A"

controlling a position sensorless noto Wi conprising: position _
det ect i orpssEANSnfVmmARAHIGNAE duriHghdP 9héHrIhiSe8erhBHbE &0l kel Ot At ON

position of a rotor by conparing counter

the rotor;

detecting a rotation position of the rotor based on counter
electromotive forces produced in the stator coils during the
position sensorless operation, exciting the stator coils in
synchronization with the detected rotation position of the rotor
to rotate the rotor, determining a deviation between a target
position and the present position from a target rotation position
and the detected rotation position according to the position command
signal, and making a position sensorless close loop drive based on
the determined deviation; and

adding a predetermined bias to the deviation at the time of
starting the position sensorless operation and then decreasing the
bias.

The invention is also the method for controlling a position
sensorless motor, wherein switching from the synchronized operation
to the position sensorless operation is conducted under a condition
that the counter electromotive forces produced in the stator coils
have reached a predetermined level, and switching from the position

sensorless operation to the synchronized operation is conducted

12



el ectronotive forces produced in stator coils of the notor with a
-pr edet erm ned vol tage; cl ocki ng neans whi ch detects a nonent Otafgiﬁgsz
the rotor position signal produced by the position detection nean n
neasures a tine between the detected nonents of change; energizaation
changeover tim ng decision neans which adds a delay tine with reference to
the nonents of change detected by the clocking neans to decide the
energi zatj on _changeover timnpg .of fhe statqr coils and uses as the del ay
tinme the “Hdnr% 30?%%)1&&? i ﬁg]agotl%%éjteﬁ’llﬁgl%'h}arﬁ g’ﬁgorﬁeer‘f%rcfs' of the counter
electromtive iHLen,BHONG L1t LOps-dBasuLehy b ¢l poklng,dreans;
exciting neans for flowng an electric current to the stator coils with the
ener gi zatd R oehang apeSr WhikRoi H85bdede HYyitthe aCOPhaZHii-eR osbangeever
ti mng decision nmeans; rotational speed detection neans whi ch determ nes
t he rot atdrenal pspeetbrofsenBer L esoroderani bhearal élaagan 0dpdtee ilonombdee s
correspondi ng 20 - 7 JAN 2083 to the plus and m nus periods of the
count er etwidrchénotiheand doceswihorigqa betveemssunbasperatinns,h@hdtbcki ng
means; and control means for controlling the exciting neans so to have the
rot ati oneffo™ppaéfsSeet erm ned by the rotational speed detection neans agreed
wth a target value. K The.,invention js al sp a device fqr contLoI [ i ng_ a

by

posi tion sen¥Gti%¥sECHbEVEIERI oy P B Gt HaFFALCT COIM5tYT tRERAS

causi ng. COMIULAbEQR: J 513 EQNNGRIEY s 3L ALGE O Leun PRI SkAgG an [ nvert er
circuit I Ch 1'ncr'udes plus™si de SWit chl ng devices’and mnus Side sw tching

devi ces tQipBLY 84 RAWShL: YO 430G e thAG S EAL YpeEQL i Sn m%d%oékg@éhing

el ectronotiive force detection circuit for detecCting counter ectronoti ve

forces ofmddie ghal Ohé0ithe, pasdt Bort @RhESL 1649 Gipelrat 06n ClNtgedkbt8g, t he
inverter circuit on the basis of output fromthe counter electronotive
force detdsteatis the cxptigtibhepesiticl ofi tbelitothhavbaged WWdoninteunit which
emts a PWMsignal, and plus side switching devices and m nus side

swi t chi ngekrremstgve tfleacearnodecediinctihe shaitay iyl t ark@xsiyes (ihged
O\ OFF according to the PW signal, wherein: the counter electronotive
force det¥@atoscdicim tsypghﬁqwqféen with the detected rotation position

of the rotor;

deviation calculation means which determines a deviationbetween
a target position and the present position from the position command
signal and the detected rotation position of the rotor when the
position sensorless operation is selected by the operation
mode-switching means;

control means which controls the drive of the stator coil drive
means according to the deviation determined by the deviation
calculation means when the position sensorless operation is selected
by the operation mode-switching means; and

bias control means which adds a predetermined bias to the
deviation determined by the deviation calculation means immediately
after the selection of the position sensorless operation by the
operation mode-switching means and decreases the bias with a lapse

of time.
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Wi th a conparator, and nmakes the term nal voltages of the stator coil
-pul sed by inputting the termnal voltages of the stator coils intd AN 2003
conparator directly or after dividing and al so inputting the power voltage
‘after dividing, and the term nal voltages of the stator coils and the power
vol tage are deternmined to have a voltage division ratio of 2 to 1. And the
invention is the device for controlling a position sensorless notor,
wherein the co n%ra%gr of the co.untcstre Iectrgm)ti v fO?{ce detection circuit
Y ta

has the term nal Vo %glenvgfntﬂn = 2603°1 (™S o T O Po?lnplt?tnt ed

after divigy ' ) 0 LD f iWddi ng
Mo (1 4 e ant T one T R e e R B B gt "B
not or, mﬁ&i}d&n&b%&%&&&% rfelanS Ut dr M8Ss e iGRMENtrabhofcd bENale b ANSIErSSi ON
circuit which produces a pulse for causing commutation in the stator coils
on the basimmarid Bhend Bl wizkhesl fage tbe &hectatatieedcopésatiitinsed bye t he
conparator, and the commutation signal transmssion circuit prohibits the
det ect i orpedittioe senrsvmidssyobengeiof whhe st fteuencyl of i thediostislignafter the
comut ation. The invention is also a frequency-to-voltage conversion nethod
whi ch i s pMERANdedioPRh 9¥ReafFon RIRTatermiRed ce2laed geAetitedeg the

predet er m ne,qt_outgut signal accordi ng to an inﬁut sig al, which conprises
the stepsPOF:tPPxPRTSHE WaSu8PHFALIRR &8t bt BIGREPPESTA PEREL8R HITEY val ue
when t he tatiQn eed determ ned based on the input signal is not nore
than a pr%%e%?’?nagé%g\r})aﬁct?&esaﬁﬁrﬁ'ener ating the value of the output signal

in proportion tfd heeatabh anal spesd. el the totdtdianal snssd diganot | ess

than the predeterm ned value. The invention is also a fréquency-to-voltage
conver si OfergirhedsWab€dy iWh1iBhOVE GG veRed wiIAL 89nERFEidleddENE ££: RN

gener at es

and a position sensorless operation and has an operation mode-
switching means for switching between such operations, which
comprises the steps of:

exciting stator coils of the motor in synchronization with a
position command signal during the synchronized operation to rotate
a rotor;

detecting a rotation position of the rotor based on counter
electromotive forces produced in the stator coils during the
position sensorless operation, exciting the stator coils in
synchronization with a rotor rotation position signal indicating
the detected rotation position of the rotor to rotate the rotor;

determining a deviation between a target position and the present
position from a target rotation position and the detected rotation
position of the rotor according to the position command signal,
adding an integral value of the determined deviation to the deviation,
determining a rotor rotational speed on the basis of the rotor
rotation position signal, making position sensorless close loop

drive on the basis of a value obtained by subtracting the rotor

14



a predeterm ned out put voltage according to an input signal, which

-conprises the steps of: fixing the output voltage to a nininun1y§LE§ mﬂﬁg
the rotational speed determ ned based on the input signal is not @ n

a predeterm ned value; and allocating the output voltage in proportion to
the rotational speed within its output range when the rotational speed is
in a range 22 7 JAN 20d3 not | ess than the predeterm ned val ue. The

in a range e deterni ned val
comri Ses BsaRTrh B Re S ERRN AR N OB AN BN e ML o

det ect or ANGeCOENEIS RINVSES10f; Ay €det ermi ned frequency over one cycle of
the input signal; and voltage generation neans which fixes an out put

vol tage to asdBtinflanprabiyee Miigiedainolialll 0ahke $pLOhL QREEFRONGANEG: be t he
counted value by the counting neans is not nore than a predeterm ned val ue

and genertdteesetiet Dot penvohé agechiiopt opdrdpeeation tire switahedonad tapeed
within the output range when the rotational speed is in a range of not |ess
t han t he gasd@éper penrat legbuepeyatd onhbyi blve mbegationtheddrseidehéns t o- vol t age
conversion device, wherein the voltage generati on neans conprises a
conver si dif¥ &bl e i n which the counted value by the counting neans and its
correspondi ng utpuéhvolta g;are s ored %n advance, The inventiqn is also a
mot or  cont r ol e ,evmxivsﬂ t%?rﬂ?sl E}é% method for controlling a position

sensorless motor, wherein:

the operation mode-switching means has frequency measuring means
for measuring a frequency of the position command signal; and

the operation mode-switching means changes the operation mode
to the position sensorless operation when a frequency of the position
command signal or a counter electromotive force level exceeds a first
predetermined value after starting the synchronized operation, and
changes the position sensorless operation to the synchronized
operation when the frequency of the position command signal or the
counter electromotive force level becomes lower than a second
predetermined value and the deviation is zero.

The invention is also a device for controlling a position
sensorless motor which is provided with a synchronized operation
and a position sensorless operation and has an operation mode-
switching means for switching between such operations, which
comprises:

stator coil drive means which excites stator coils of the motor
in synchronization with a position command signal when the
synchronized operation is selected by the operation mode-switching
means and, when the position sensorless operation is selected,

detects the rotation position of the rotor based on counter

15



rotor position signal generation nmeans which generates a rotor position
-signal indicating a rotation position of a rotor on the basis of a counter
el ectronotive force produced in stator coils of a notor; exciting ﬂﬂamﬁNme3
energizing the stator coils on the basis of the rotor position signal
"generated by the rotor position signal generation neans; and control neans
for controlling the energization of the exciting neans so to follow the

rotat i ons. gl B AlOTaaSe0TAlan A theufommad: MOELE sLng.oaniy ol means

has counti1ng neans for counting pulses o

frequencystQeel 88£L£LKG SyREnFortiARabn" &1 &l & A@otNfotAlid BBS: Piod NE rotor
generated on the basis o? the rotor position signal, and voltage generation

means wWhigilynbixesdidie iogt pHé JldcRen Lot I8 ipBY It Yéh W Whenrbber i ot at i onal
speed corresponding to the counted value of the counting nmeans is not nore

t han a predetdervimbioh waleelabibgeranat esidhhelatetrmihey cd tdkyd aithopr oporti on
to the rotational speed within the output range when the rotational speed
is in a rRAtyeenfa foardedspos kit Badpilslaiesenhcpovitiign faad a Hargatent i on
is the notor control device, wherein the vqltage generatjon_neans conprises
a conver SiORHEEBIRCSIEIRRI AT OFAENE itnERE BPAfLGdoB fCRENE ot ganbdhe and its

Cor T eoPonlL, QALY YL 8gE L PLALSSL ARG O el s ion |5
St eppi Ng JRLQE 3 o N5 [ JMERELE MY SHNSOPLO o C%‘dé%w?@éﬂ%ﬁy whecein the
notor is to be USEdStO %I’IVE a*%-]easf’ one ol a printer lh aﬁl carri age and
integration means for determining an integral value of the
deviation determined by the deviation calculation means;
rotational speed detection means for determining a rotor
rotational speed on the basis of the rotor rotation position signal;
control means which controls the drive of the stator coil drive
means on the basis of a value obtained by adding an integral value
of the deviation to the deviation and subtracting the rotor
rotational speed from the added value of the deviation and the
integral value of the deviation; and
initial value setting means for setting a predetermined initial
value as the integral value of the deviation by the integration means
when the synchronized operation is changed to the position
sensorless operation by means of the operation mode-switching means.
And the invention is the device for controlling a position
sensorless motor, wherein the operation mode-switching means has
frequency measuring means for measuring a frequency of the position
command signal, changes the synchronized operation to the position
sensorless operation when the frequency of the position command
signal or a counter electromotive force level exceeds a first

predetermined value, and changes the position sensorless operation
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a printer paper-feeding nmechanism BRI EF DESCRI PTI ON OF THE DRAWNGS Fig. 1
I's a bl ock diagram showi ng an exanple of a structure of a notor cont QRE 2003
devi ce according to an enbodi nent of the present invention; Fig. 2
flowchart illustrating an exanple of operation of respective portions of
the nmotor control device; Fig. 3 is a diagramillustrating an exanpl e of
operation pattern according to the notor control device; Fig. 4 is a block

di agram show F f f %;prc rol..deyjce
accor di n;cQt ?g%%‘g)glﬂgﬁgﬁ) Ogafe r_t% ﬁ%&é;}% e‘{{ %P%Jikp% i ﬁ\fie%{;l‘% %“g?éﬁ Sis a
bl ock di agrREhg NOWMY 8r Pnd k@R EPNEEAmotY L EFILLQ WakER Besdegd m nor

| oop conpensation s added; Fig. 6 is a flowhart illustrating an exanple

of oper atiic@arofhare s PRLonAEp R dte@RSnOd Jd1@eDiPinedvidltidavi£erbig. 7 is
a diagramillustrating an exanple of operation pattern according to the
not or control deeioerenign i3 hisa dhetkod ifagramtsdMing amtopadithon
control system Fig. 9 is a diagramillustrating an exanple of operation
detects a moment of changing a counter electromotive force produced
in stator coils of the motor from plus to minus or from minus to
plus, decides changeover timing of energizing the stator coils by
adding a delay time with reference to the respective detected moments,
and flows an electric current to the stator coils on the basis of
the decided changeover timing of energization to rotate the rotor,
characterized in that the delay time is a measuring time which is
among measuring times obtained by measuring a time between the
respective detected moments and corresponds to a positive or
negative period of the counter electromotive forces.

And the invention is the method for controlling a position
sensorless motor, wherein the delay time is a time obtained by
sequentially measured times between the respective detected moments
and using the time which is the time measured earlier by one
immediately before the decision of the changeover time for
energization.

The invention is also a device for controlling a position
sensorless motor, which comprises:

position detection means for producing a rotor position signal
indicating a rotation position of a rotor by comparing counter
electromotive forces produced in stator coils of the motor with a
predetermined voltage;

clocking means for detecting a moment of change in the rotor

position signal produced by the position detection means and
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pattern according to the notor control device; Fig. 10 is a bl ock diagram
showi ng an exanple of the notor control device according to an_gwpﬁﬂ&qmﬂg
of the invention; Fig. 11 is a waveform di agram show ng exanpl es 0
~operation waveforns of respective portions of the sane notor control
device; fig. 12 is a sectional view showi ng a nechanical structure of a
conventional stepping notor; Fig. 13 is a plan view showing a relation

pet veen ahdzgholndidl dndl Lol L a8RlE 24 GRAIRYS BE Unanfled; 14 1S an

enl arged view show ng an essential part of the rotor an e stator of the

same steppi nehdFeti 94t idH Ghaﬂ%edv%ratﬂﬁi@@r@é‘&ﬁﬂ%w ik AW RhEs 9faedafgnetic
flux produced in the space between the rotor and the stator and a counter

el ect r onotiimeaw iftdr 6:6F epledd @@t HetndneGitatdd cliitides ddt@ct28 biyxha cliddkiing di agr am
showi ng the notor control device according to an enbodi nent of the present
i nvent i omeaRisgto detiide fheiemangizdicagn ashasiyenivag Bircioynbér tlixd edtatonot i ve
force detection circuit and a control circuit according to an enbodi nent of
the inverftdids; apd uses asjppe ZFORYFEgme Ithe geanuesptdmset 69y RANGARIshowi ng
R UL T S R G LS B e AR PR S B

forces among the measured times by the clocking means; and

exciting means for flowing an electric current to the stator coils

with the energization changeover timing decided by the energization

changeover timing decision means.

And the invention is the device for controlling a position
sensorless motor, wherein:

the clocking means sequentially detects rising and falling edges
of the rotor position signal produced by the position detection means
and sequentially measures a time between the detected edges; and

the energization changeover timing decision means, when
respective edges are detected by the clocking means, decides the
energization changeover timing of the stator coils by adding a delay
time with reference to the respective moments of detection and uses
as the delay time the time which is the time measured earlier by
one immediately before the decision of the energization changeover
timing by means of the clocking means.

The invention is also a method for controlling a position
sensorless motor which detects a position of a rotor by virtue of
counter electromotive forces produced in stator coils of the motor
and rotates the rotor by flowing an electric current to the stator

coils on the basis of the detected position, characterized in that:

a moment of change of the counter electromotive force from plus

18



enbodi nent of the invention; Fig. 19 is an explanatory di agram show ng a
-counter electronotive force of the stator coil and an out put py ﬁz 02 [ﬁ
conpar ator according to an enbodi nent of the invention; Fig. 20 i Na(l

expl anat ory di agram showi ng an out put pul se and a PWM si gnal of a
“comrutation signal transm ssion circuit according to an enbodi nent of the

I nvention; Fig. 21 is a flowhart showi ng the notor control according to an

nbodi t of the i tion; Fig. .22 i | ock_di ] I
of a str IrErEsgE H Ot B A Cosro BTt BaURACT eS0T e A58 E bR Ter ol on
devi ce ORO&Q&MO%SEH%@J‘%”MEQ&AQ 92 £StdtSiAadl GUANIONL NGB, gL ati on
bet ween the nunber o ofations and an i nput pulse cycle; Fig. 545 s a

di agram ghewiRthed EebRithenNaPetNREBe iR RIDE ot e 5SS AME BuOUL PUL
voltage; Fig. 25 is a block di agram show ng an exanple of a structure of a

second eghadhimy pelib8e 4 améeacydntor WlldcagemeOnefara8 deonganef the

I nvention; Fig. 26 is a diagram show ng a rel ati on between a count val ue
and an ownepstredltiage; #d).clddei $ogp blomtkodi agreemishoed nrgcanrddrgnpd e of the
not or control device where a frequency-to-voltage conversion device

accor di ngheodetrrmipeanteeationadppreed- t o position sensorl ess cl ose-| oop
drive and cont &‘ol of a three-phase hybrid t%/pe steggi{]l% not or; . 26

he invention is also a method for control g a position
sensorless motor which detects a position of a rotor by virtue of
counter electromotive forces produced in stator coils of the motor
and rotates the rotor by flowing an electric current to the stator
coils on the basis of the detected position, characterized in that:
a moment of change of the counter electromotive force from plus
tominus or fromminus to plus is detected, a time between the detected
moments of change is measured, a rotational speed of the rotor is
determined at the every moment of change from the average of the
last measured time and the measured time before last, and close loop
control is made according to the determined rotational speed.
The invention is also a device for controlling a motor, which
comprises:
position detection means for producing a rotor position signal
indicating a rotation position of a rotor by comparing counter
electromotive forces produced in stator coils of the motor with a
predetermined voltage;
exciting means for flowing an electric current to the stator coils
on the basis of the rotor position signal produced by the position
detection means;
rotational speed detection means which sequentially detects a

moment of the change from the rotor position signal produced by the
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- 7 JAN 208 Fig. 28 is a waveformdiagram (tinme chart) show ng exanpl es of
-si gnal waveforns of the respective portions of Fig. 27, Fig. 29 is a

fl owchart showi ng an exanpl e of frequencyto-voltage conversierf gANc2803i ng
by a frequency-to-voltage conversion device; Fig. 30 is a flowhart show ng
counting processing of a cycle of a rotor position detection pulse by the
sane device; Fig. 31 is a flowhart show ng an exanpl e of

frequencyt o-.yQl t age cqnuversion processing.hby. using a tahle;, and, Fig. 32 is
G agr s hote e SRANE! T der RSRRe R v bhu e MisturRiee Pow

CARRY! NG (4fE TS f SYYEMTLN: FLga qbtbsmndd 96K dt 2G5 SHOMBEHAN AXANP! € of

a structure of a notor controﬁd§%V|ce ere the present Invention is
applied tfroh thd 80e PARS 8 KRy L VREs SbepRifhdiBE Yo tHdB1 b 8@ hikRse hybrid
type stepping notor driven and controlled by a notor control device is used
to drive,pddodexanpties cduhead €bsdtiragetand fofprpeambre ke meapiisad of a
printer, which are connected as a load to the rotation shaft of the notor.
The not ortigwestir ehddevi ce according to this enbodi nent has a rotor position
detection circuit 1, a commutation pulse generation circuit 2, a deviation
counter 3, afPTHd@érmeans; Ipr LondsAtldng dihecertitingdredferatticohave the
node- sw t chi circuit 6, a voltage command control circuit .7, a PW/
Control ciTabiRst Sty iarPanioes B St r o SRR GRS s e iR
operatioqvéngggg?ﬁﬁraqﬁgt%Qe§a§&é 12, a gate signal generation circuit 13,

[ rter arrvi i

and an in for ving a three-phase hybrid type stepping notor 15
as shown in Fi grhel infBft2dn 15 h1d0N) 2003 JeNleSr MU G90hG 0 SEMIGBnI S
configured to nake synchroni zed operation and position séensorless operation
by sw t chédigsdrhesopasidd, OnheBRNGSMHEIsisykt ches 11, 12 as descri bed
afterward. The detailed structure of the respective portions of the notor
control devimpssitiioh detetgson heghanfblh prfdicéngea rotbheakiavbngsigniile rot or
position detection circuit 1 is configured to take in respective counter

el ect r omottdicatanged MtadderdreitinreefsparottdnR¥ccemPanimdocovnre¢s 16, 17,
18 during the position sensorless gperation, to produce a rotor, position
si gnal i N SHEPRGEEYS JrECPS PIRACERoh GIEATRE TUIGY °EntRhi&OL3Ti L1t 2t he
respectigﬁ?gﬁ&ggging q&;ronntive forces, to produce on the basis of the

rotor po 1 on Signa alggﬁﬁﬁtation timng signal indicating comutation

timng of an;fxhdihiyNfle S BNRn! BePESHRPHoRENE B REBLAIOF G ketdf: 17,
16, and to output the conmutation timng signal to thé gate signal

gener at i opogiiiviod bigral prodghed NSy AR pbk obi S ABGEBY &6n SWainghadd. The
comut ati on pul se generation circuit 2 is configured to produce a single
pul se evengasures aheimd hetwetorthotiditestad romenstepf actgdreyeon t he basi s of
the rotor position signal produced by the rotor position detection circuit
1 and to out PRRTIiFEapE e UANIsANSE F ke dgelsinn crapsuraish Rddeha
devi ati on, counter 3_%@ configured so that in the position %ensorl SsS

0

oper at i on?StPoLTRF IH FPRHEFRFISE 5@ tSoRPRSYT b MtERG S sTYTES Y P Hh Sut si de
and the ngros&ifnrongg he commutation pul.se genar %Egoge&}ércylrﬁiléﬁﬁtﬁe
dntedq, 3 t the current

respecti vel'y ¢o ,a devratron beé en a target-position

position is,det epm Nedd (o83 ?asditkae&fl@gﬁt%éwtm@ &AUHALBInYALYRS, and a
devi ation voltage corresponding to the determ ned deviation is output to
the addert¥$plus and minus periods of the counter electromotive forces among
the times measured by the clocking means;
exciting means for flowing an electric current to the stator coils
with the energization changeover timing decided by the energization
changeover timing decision means;

rotational speed detection means which determines the rotational

speed of the rotor from the average of the two times corresponding
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- 7 JAN 20U3 4. Here, the position command pul se includes rotation position
-information of the rotor and rotational speed infornmation of th.e?rgpAnrz(P[}?he
rotation position information is given in a total number of pul ses, an he
rotational speed information is given in a frequency of pulse. The adder 4
is configured to add a deviation voltage output fromthe deviation counter
3 and a bias voltage output fromthe bias control circuit 5 and to out put

th dd | t t h | t d trol ci it 7. It i
(e, added velt el 08 8.0l Lok comnd conteol Sl vl tokfer - on
sensor | esgoperal iKahachoLdlG L9 the OREHALLOR.S L Aliang signal from the

operation node-switching circuit”6, las control circuit 5 outputs a
predet er m nednbi-8s mankagsr tentPE1 AddEEnd JMeeRihdeBASI 4d @B BBASBRLESS
operation is started and decreases a value of the bias voltage with a | apse
of tinme. rohetbémsl ¥pbédgetyphitead By appriaaitabrhy spekacletdcdepemdbng on t he
conditions of the notor 15 and its |oad. The operati on node-sw tching
circuit @grsedonftilgar édrget praddiece an operation swtching signal for
switching fromthe synchronized operation to the position sensorless
oper ati on whenThRelnyefiencysorlihea gesice ofPk eephnal pins @ Pesthden a
predeterm ned val ue, nanely the counter electronotive forces produced in
the stat FEPEBTISSIEOtAT USSR I6F A RREYDPBY IS T RARRORTeLRFFL PEMRYFEDEl , and
for sw tccgimqlg fromthe position tseecpggg{ess oper ation.to the.s réggggni zed

n

. tation in ar—-conn ¥ Col compr ng an inv "
operati on when a deviation O? ?%e devt ati on coun eP ﬁybé%ones Zero". And,

respecti vg, QN %ﬁ%hoin%ﬂfde%pg%éé | 01y C BADOAGOVET oW N Ra ki nuls sBHE

switched to either of the synchroni zed operati'on side or the position
sensor | eswi0BRIRY IRViskderAChppdyNg Blier vb1dAhe 2QRnbOstMorO0RBEAE] ON

swi tching signal, and the operation switching signal is output to the bias
control @& rounted. elldoamonetivey iffiogcehéettedtpvn vortaige floronetaetiadder 4, the
vol tage conmand control circuit 7 nmakes comand control so that the PWV
control ¢ouptier Sletagmetive fANKespaF sthenistialvonoeed i eny 8i gertirodccor di ng
to the output voltage. Based on the conmmand from the vol tage commuand
control GFEHLE TPr eoREaoniiBg itheol Nt aT E1EFYdtoth E88 RePFP SioghBRIt

di to th t.put |t f. t h der.4 and out t he P [ |
o the oRPEniTiar er LT GGt EOIE =18 P CFAE" GRBFal ToR S NgnGEBer  —
switch 11;, I0e: %@Eggo‘s{‘hﬁ?%f}gﬁié‘t‘,}h‘lgh% +3ENehRdiQRaG! T4 b1.9s geHEr ates a

PWM si gnal to be uset e synchroni zed operation and outputs the PW
signal t@wikenodd RevigldlarCReR @ is98e HWitkhting JeVides E the inverter

circuit being simultaneously turned ON/OFF according to the PWM
signal, wherein:

the counter electromotive force detection circuit is provided
with a comparator, and makes the terminal voltages of the stator
coil pulsed by inputting the terminal voltages of the stator coils
into the comparator directly or after dividing and also inputting
the power voltage after dividing, and the terminal voltages of the
stator coils and the power voltage are determined to have a voltage
division ratio of 2 to 1.

And the invention is the device for controlling a position

sensorless motor, wherein the comparator of the counter

electromotive force detection circuit has the terminal voltage of
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operation changeover switch 11. In the synchroni zed operation, the gate
signal generation circuit 13 generates a gate signal for flow ng ap JAN 2003
exciting current to the stator coils 16, 17, 18 of the notor in

synchroni zation with the position command pul se fromthe outside. In the
"position sensorless operation, the gate signal generation circuit 13
generates a gate signal to flow an exciting current to the stator coils 16,

17, 18 of_.the tor_i.n synchronization wth the co tatiqn_timng_signal
from t he P8t 87 PO Tiidn THEVECT] G C6F ST MDY RES | WPt BP1HE SR ses a
t hr ee- ph Ld i I ving Mail r at six switching transistors.
And t he ?gfgégc%%&s\ﬂtrfgj?g%??@l%l 0 Bhe“rilréb(% o@/?g'are connected to out put
termnal s of tRhgd fNeihGbndfon 106 8E0%Ee ftof}ecc%r{@bi'l?ﬁ?ras pehshiesd Brerter 14
have the passage of electric current through themconfrolled by the gate 30
- 7 JAN Z¥Br5i ghateigenaeatedtiny) tdiecgat ensd @nabmgetnediald @Agahicuit 13, so
that an exciting current flows through the stator coils 16, 17, 16. Now,
one exanpirangfisfioropératitowhibth phedudsoa mpdserfalr dewsioe ofmtdtiasiembodi nent
descri bed above will be described with reference to Fig. 1 to Fig. 3. Fig.
2 is a flignwemPtakeoaPhls an thedrpsic of thadeopinat Vohtage phdhgortt@togont r ol
devi ce . Fiiﬁﬁ'p?’ is_an explanatory diagramillustrating an operation

e

pattern dJf° i Yo PRoFOTRARAEE  whRY eilife CRBMEBTF4PN iSde atong speed
curves shaown t he upper. . port.i.on.indi cates an_act.yal, speed.of .the notor,
oo Ehe” DRl L LS, UPPEL: PRI I R INCa G238 3T et e SR Yo G O

the Mot 0fo QAL Ola dYidse 1BCLLRALITLRG SHAGNTN Zehoparati on and the

position sensorl ess operation (posifion sensorless clo oop driving

operation) andmidt @RBREAEAI] Y sSWL LS Ne S lel@BhERS SHRARRGAT Z8K,QR8LAL i On tO
the position sensorless operation and vice versa. The synchroni zed

oper at i omexhddtWie ghOS$ idrofrided 2ard @88adpat abhdho Wdklribe adeisgéndredeisn

detail. Were the notor 15 is started at tine t1l as showmn in Fig. 3, the
oper at i ore prederemyinsidgaatputo shgnalitgnsorfiingn tchenoprputt iséanabdeddwht chi ng
circuit 6 has for exanple level "L" to performthe synchronized operation,
so that t¥EPERSRGRRStEPSt @€ts of the operation changeover switches 11, 12
are positiongd.on the.synchroni zed operation _side (on the side opposite
rom the onctSrig PALRF 47 UF cSRercRERE! B e it Shphare Satte JPRE:
circuit l3d Rothe; ﬂcﬁgaggh?&&e%%héh'&%&f lohEend G%%&aivgﬁéﬁ{u 14 t@neke
commutation in synchronfzation with the position co n ul'se fromthe

out si de (dr@PtHdd - a g BEnIRESSsa1luBe g@d e signal generation circuit 13
produces the gate signal in synchronization with the 31 - | JAN 2003

posi ti on comardaptihgethaARE1héef Buerdiputdsi gnactihvatadbdbiohht gake si gnal
to flow an exciting current to the stator coils 16, 17, 18. At tine t2, the
oper at i orFafgdéonal t aPeaty wbenctihe Wtagdgesl gpeed is not less than the

predetermined wvalue.

The invention is also a frequency-to-voltage conversion
method which is provided on a rotation control device and generates
a predetermined output voltage according to an input signal, which
comprises the steps of:

fixing the output voltage to a minimum value when the rotational
speed determined based on the input signal is not more than a
predetermined value; and

allocating the output voltage in proportion to the rotational

speed within its output range when the rotational speed is in a range
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the basis of the frequency of the position command pul se that the notor 15
-has reached a predetermned rotation (step S2), and the operati on_erJP‘ma!B
signal output fromthe operation node-switching circuit 6 is changed (o]

| evel "L" to level "H' . And, the changeover contacts of the operation

" changeover switches 11, 12 are switched to the position sensorless
operation side (the position as shown in Fig. 1) to shift to the position
sensor | ess_operat i on. i swi tching signal being supplied from

{ tl t2,.th

t he oper 8PF bt d828 @%h‘? e&FF’&iﬁ“?deé’atlblethe bias control circuit 5is
changed from |l gyel. "L" tq level. "H'  _and the hia [oQ i it 5 outputs
a predeterm ne'gh%ilans"lé\%ﬁtggg%st%lstohg ggﬁ%}enf%( gf)e%og%ge ton'?’ %gﬂfrlg me, only
the bi asdggigég%ﬂi%hsg&%gggsf:romthe bias control circuit 5 to the voltage
command control circuit 7, and the PWM control circuit 8 produces a PW
si gnal accoediufgidd neR@sbiAscl Glrbads. ard ehdtdMssyga8l fick SURPtaeibrt 0 the
gate signal generation circuit 13 to secure the rotations of the notor 15.
Thus, theepeetiat anhdi oednts amleekt e preat@ttiirea Fheqaetey odetoond he
followi ng reason. At time t2, a deviation of the deviation counter 3 is
"0", andcanlewhuithedéupat ivipnadlitage of the deviation counter 3 output to
the adder 4 is "0", so that this control systemcontrols to stop the notor
15. I n thisVSLERSR iTRerafiontPRANS Ehéfh of1x9Fe 2RoANERNHT S°ERPBNDT iRe forces
produced in,the stator coils 16, 17. 18 qf the notor 15 | gwers i sabling
Phe det LM EIE P20l Tty 2 o o0k Popg oo saPBnning coyHihroRrERT | <
caused a e pagly, it | ]gﬁ&j 0 add a

Yaful ?33}”[:{1&: gb%ntllggén Vlg ggﬁé‘,’a}(ﬁv\ﬁpé clt,'hﬁg y ﬁ)ir'fehetért 5 cggggué

bi as vol tage a mni pu aria en the s t to position
sensor | egqopSA L@ the S HRIvEPLddt ANCYEBEoII®OEEUERENCR aRT o  Of
synchroni sm when the operation is shifted to the position sensorless

oper at i oBpedfi tv@thshithlel gt #diRrepasdr t194 r6eacSNASSpafLL atindNrasgelescri bed
above, when the bias voltage output fromthe bias control circuit 5 is not
"0" (stepfSdot N@ss tthenbtles preldeagemiredilemieased in a constant amount (step
S5). The bias voltage is decreased as descri bed above, because when the

bi as vol t age r 8ndi Hke éyegntionhes ddei Sredirroitoevoltags conyeysHet on of

"0", the notor 1%; S, dr'bven to a position forwarded fromthe instructed

posi t i on 3eBUFFnY ERBIHEEPIICHTAGE FEGPFBESCHPERRT CEPTTHE® PSiBY °pBsPRi on

detectio Lrcujt r c 0 t i ' L ngi i-ng the
conmmut at {%S%E%iin%#éﬁgg ?ﬁg ‘g(%suar%g% g%l“?eg ﬂf%,Qh%g&%gug{r?gg%é?éu%&ﬁttsto t he
gate si gnal  @ePHAlOBuehhE Wd1thde dHWIStdRE JATSuwifpaal generation circuit
13 produces a gate signal in synChronization with the comutation tim ng
signal. The invaeti@frehfib® idlH1¥6MN RS Ebritg-d1ddWirRegaira chi @iplrikesf | ow an
exciting current to the stator coils 16, 17, 18. Furthernore, during the
position sentrkgsssidienasigml feeeomont me¢amnwpits geperetasiaomotPrcuit 2
produces one pulse as the rotor turns by a single step angle and outputs

t he prodPOEdtpen se-anglt hedeafiagi snrlirsr Pesitirsy efof erot e ettt i on
counter counts the positjon command pul se and the, pul se from.the

Commut at PARLPTSE GEHBAR PO GMEREDe 23 CaRt S iAol S X80P 0Tt he
position aﬁ‘gt%ﬁt puts a deviation voltage corresponding to the deviation to

the adder erefore, during the position sensorless operation shown in

33 -1 JAN itk 3g Rldins3to £ \dle¥ gl b Ty WRENs E ¥ 8bOLs RASIthe Whd@L 6£11 On
circuit 1 detects ?he position 019 the rotor as shown in steps S6 to S8 of
Fig. 2, tde detectdoditsbgnaigrad guhPrdtdd byhehgatctori goal tpaneighadn
circuit 13 to produce a gate signal in synchronization with the detection
signal, ayethetrheiomuneraner dddi s driven according to the gate signal to flow
an electric current to the stator coils 16, 17, 18. This procedure is
repeat ed untddntzodavdamsi ar sfonthel g &bporhax@iigBELon PetBAEXOLFEPS". In
the position sensorless operation, the notor is accelerated in state of
bei ng del®gp@d ERarP thed 1pYsFR® diPteshRRACE Eé&?aaeé%fa%?éﬁlf‘a,tﬁﬁeng
acceleration periqod Tl shown in Fig. 3. Therefore, the deviation of the
devi at i of°€8@ﬁ§ér‘%ﬁe§naccurml ated during the accel eration operation period
Tl as shown j.n Fi t I at | S t S i gs
accunul at ed 11c]{l}r icﬁgt](::%]hs %&ﬁs E%%?cg’t\{ﬁng%hggﬁdag‘ ‘ng ol t%g@o ﬁ%asrésﬁg%d,g t he

not or decelerates with delay with respect to the position command in

decel erati on operation period T3 shown in Fig. 3, so that the deviation of
the deviation counter 3 decreases as $hown in Fig. 3. Accordingly, when the
devi ati on becones "zero", the position sensorless operation is swtched to
t he synchroni zed operation, and the notor rotor can be stopped at a
position (target position) after its predeterm ned rotation.



-the deviation counter 3 has becone "zero" at time t3 as shown in Fi

(step S8: Yes), the operation changeover switches 11, 12 are switched to

t he synchroni zed operation side, and the same synchroni zed operation as
“described above is perfornmed (steps S9, S10). And, when the final position
command pulse is 34 - 7 JAN 2003 supplied to the gate signal generation
circuit 13 gt tinme t4_as shown in Fig. 3 step 10: Yes e tor stops
St Che « BEGRP TR A SR e Ph T eabite Hin8 AEARAT SoMeFEl Gebite of
this enbqdi er t sypchroni.ze ratj.on . ption
sensor| eggkgggé%%?gn&e‘rtﬁ%g}f 32’%%%?%%89%%%%? %ggﬁﬁlagg%gﬁf@ gghﬂ%ﬂrggé%’t 5is
out put tQ;Lhg) addarydh talge! dhet®h bn HeahB&HIRS 1,00, SROSALLEES,SARGHAL I ON, SO
that even if the deviation vol tage out put fromthe deviation counfer 3 is
"zero" thena mitEmshi 414 whBf a8 irbt8hi SRS @bkes ScafiRispbhaing ald bre Made
snoot hly wi thout causing the notor to have out of synchronism The notor
control dewnted vklubict tmbodineing mesanessgradntoe shafita phedqiesntined

sensorl ess operation to the synchroni zed operati on when the deviation of
the devi aeilba ardigeneratpecdmeoutpat ovoltaget Aat ProrROTRiLDr teathde st opped at
the target position. The operation node-sw tching neans described in claim
3 correspOhaEieRAt FRe8P -Bnthfo GRLRY FERPRGNSr ERF o§25RheRdhEPERRr at i on
changeover switches 11, 12 shown }1” Fir?e' 1, tge exci%i n% means corresponds
to the rofofpdsiTi%n odePREtiISF EPPRUTIS PrefRESHRIFSi'GAEF - gener ati on
circuit 13 and €yl NV .14, . iati LON 0Ban responds
to the deviati éhgc%ﬂﬁgntlg{vteg?léﬂelszzgﬁteﬁg%@o%teacﬁgtg%ir (r:&egsvgtgﬁﬂgwto t%eeg%jder 4,
the vol t 3g8 +6g8MRMdra0NbH Hleath &plrife 8N cbRGe PN OB IOlinClli £4H £n8, and
the bias control neans corresponds to the bias control circuit 5. Now,

anot her enbadederdlef ofheheoresmming mwetisi andwitd deerdependirefdoukpgt 4 is a
bl ock di agram showi ng an exanpl e of another structure of the notor control
devi ce wvedsagheayy edomedi Avaarviaogei s applied to a three-phase hybrid type

st eppi ng notor. The 35 _ _ ]
And the invention is the motor control device, wherein the

When the operation node-switching circuit 6 judges that the devi atihon,fir
p g j uag gJAMﬂm

motor is a three-phase hybrid type stepping motor.
The invention is the motor control device, wherein the motor
is to be used to drive at least one of a printer head carriage and

a printer paper-feeding mechanism.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram showing an example of a structure
of a motor control device according to an embodiment of the present
invention;

Fig. 2 is a flowchart illustrating an example of operation
of respective portions of the motor control device;

Fig. 3 is a diagram illustrating an example of operation
pattern according to the motor control device;

Fig. 4 is a block diagram showing an example of a structure

of the motor control device according to an embodiment of the
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- 7 JAN 2003 three-phase hybrid type stepping notor driven and controlled
by the motor control device is used to drive a head carriage and-al JAN 2003
paper -feed nmechani smof a printer as described in the previous enbodi nent,
whi ch are connected as a load to the rotation shaft of the notor. The notor
“control device of this enbodi nent has rotor position detection nmeans 101,
rotor position detection synthesized signal generation neans 102,

comut ati.on tjim ng generation neans 103, conmmutation signal generation
means 104PVEREE°i gnal generation means 105, an inverter 106, a deviation
counter 107, rg&ationall§&§§g detection.nean§I108 a g&gﬁgégionakegain 109,

i ntegration means Islbs," RN a?la\%aﬂ‘esrlsotﬁltnﬁnag é)r?s’itﬂ peg sgal n 112,

an adder 113, 4 j I rat.i.o0 Q{Lsﬁ 14, - 0p {.on node-sw tching
means 11%2,;lD gﬁég%\gée? t?gnmc %ﬁglg)tg ergoﬁn tc %éﬁli%?%{%d'as shown in Fig. 4.
And this notor pggntéals deyis@cray+Conihgir0d nOaibdsunid 18y BE URitaZ 6n
operation and a position sensorless operation of a three-phase hybrid type
st eppi ng ofotrespddifivey pewticts g the wPesmtdonmtrobhamgeimesr switches 116, 117.
The detailed structure of the respective portions of the notor control
device will beFdgscYiimd dtheramtidilustzeting atetegenpda ol aperadion akes in
respective counter electronotive forces produced in three star-connected
stator cEAtE§eR FTcrdingt e PsMoter <PHIGH €8¥ieperati on, and generates
rotor position signals indicating the rotation position of the rotor on the
basi s of the cOItor 1 aPEIeFEAIEREan FIPRLRS = MRSTEGR FOSFer GYea8Fbct | on
synt hesi zed si | generatj.on._nea 1 ner at ot itk

detection synt %ggi'zgd{]sgiagr?éﬁgmcmuggéﬁgﬁﬁisaﬁlz:e%agpg% (%ec’%(r%% %%ggosi tion
signal s. ;LheeeAMREALiAg 4 MO ndeBer &t 1MRRYScd 03 generates 36 -1 JAN
208 conmmutation timng in view of the position of the rotor obtained by
the rotor positaign detiecki Brosy ikgehs esh&iigigahn ganRidkl 60 tRamstdP2. Wien
the detected position of the rotor has a phase forwarded fromthe

comut at icomtrpini deyidehacpbasing Sodehagmsbdiyneatnet egsarinvambiion; The

comut ation signal generation neans 104 sel ects a conbination of stator
coils to be cofidt ated sneiaviedoyhciaghaphehqwiingr e3pel k6ot SIRpFAIE3oRor t hree
phases produced by the rotqr position detection nmeans 101 and Q,[oduces a

commut at "G SSPERRICE FERATHVERAILCET o thet BT £OP6ROL i9RVAGS 61 gnal
produced by the..co tation timn neratiQn neans.103. . Th a i gnal
generati on nea%&giggy ojgstara I Sﬁét%"ﬁawgg?‘gn%lwgé‘ﬁe? a"t‘eecé‘ a%gc?ge&ﬁ&ﬁlttgfénal
generati Q¥ BERBRvdrAdnR1Pe: 455Gy Redoaf terward on the comutation signal
produced by the conmutation 'signal generation nmeans 104 to produce a gate
signal for driwigg thesidpesh fiekléhovling 4 Péeatesn HRBWEORTH +6€5 and

t hree- phase bridge circuit having unillustrated six swtching devices. And
stator cadilssapprByf Ghef stihe stdpEingrsotwrnected to output termnals of the
inverter 106. The switching devices of the inverter 106 have the passage of
el ectric curredigthkbdghan fakrEGeR VAEWeThaminghRn g&ﬁénﬁ@hﬂar‘géﬁeﬁg?ed by
the gate si %nal enerati on neans 105, so that an exciting current flows

t hr ough tHPE Lt 3p rt%is!tétﬁ,r ‘Bf the Fﬁm?h%terﬂ?slinﬁi BAtensorl ess operation, the
deviation countgr .i?é’ i Lcqnll oyl %‘Puo&? L eSPeGLILNEL Y fc%ugé Qe@'%s'f&!f&“
command pul se (position conia S|gna5‘ fFom out st de and a puJI sé’fromthe

rotor pOSAﬂJd@'&eQeﬂr@Eﬁé QBacy RRGSLg efheSianal a&?@ﬁé@ﬂa‘i‘:@rnﬁ?&ﬁ A2capd out put
a di fference between the counted val ues as a devi ati on between 37

electromotive force produced in a stator coil;

Fig. 16 is a circuit diagram showing the motor control device
according to an embodiment of the present invention;

Fig. 17 is a circuit diagram showing a counter electromotive
force detection circuit and a control circuit according to an

embodiment of the invention;
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- 7 JAN 208 a commanded position (target position) and the current
-position. The position command signal is given as a pulse train sojt 2%39
nunber of pul ses indicates a noved di stance and the frequency of pulse
indicates a rotational speed. The rotational speed detection neans 108
measures a cycle of the rotor position detection synthesized signal
produced by the rotor position detection synthesized signal generation

means 102 to detect rotational speed of the tQr. The proportional gain
109 nul tipli es%égpolsgtlisoﬁéll eﬁ%@?’é{_’l 1FY SURBtE fY SRR ?Honécte on counter 107

by Kp, a | (t.egr at | 10_inte It |, deyiation
ol put oyt e atr 5o el o' (hEHELES [P BRIGELORT SR e
setting BaBgiddnt 98t ehkhenddidilodl: val ue possessed by the integration neans
110 to the integration neans when the synchroni zed operation is shifted to
the position sengoriesis epeeaplamtcaryddibgramidrodlingad usouriedet er m ned
according to the notor and its | oaded conditions so that an opti num
t ransi enteleet pomatei veafiobee obff dihecdtaffte gpdedndaan dutputrupulpd ics at he
detected rotational speed of the rotor by Kv and the adder 113 outputs a
cal cul at &@TPaEHFIT Fecprisng pint agf emhedigresporofi shal inpEntiens) +(out put of the
integration nmeans 110 - (output of the speed gain 112)}. The PW signal
generation meafis9r £4 ?&&u%’&laé’aﬁwQ@ﬁé?’“f?&\?ﬁ’ﬁ@gé"’dﬂﬁpl’rta’?‘?bse an
correspond'h k9 1he out ue from 3 oper ati. on

I'ng n

| dd. .113.. Th ,
K9 S8 D6 e LB LR Bt b isbles SRELRHARY

node- swi t'c
nmode- sW tGhibdemb SHidHenk 0L £ sg#et ghiRgei b, operation node fromthe
. ¢ :

synchroni zed operation to e position 38 - 7 JAN 203 sensorl ess

operation and ¥ige ¥Erisda AI6lcHREPEEW MYy ¢RB A6ES @onthE1 ARRILRHERY
changeover swtches 116, 117 are shifted to either of the synchronized

oper at i ortos adeemsodilmenpost t then iswraoidess operati on side depending to the
operation node-switching signal. Besides, the operation node-swtching
means 115 has Weans2? ép anbdsgkidiqgaafr drpdmgyanfexanpleedi & istiructnmand
signal in order to determne the switching timng. The operation.

node- swi tahRnGftapEbadignemngsof e freHPRRE YT OSWPLERIh FOPVRF PP PRELCe
synchroniozfe(ghoperati on 1S s@j fted to the position sensorless operation when
a frequercy of BHEPosi PR tbtnand signal or a Ievel of the counter

el ectromt | ve fa5ce,#xceads: gl Shopregel eoahoed, VAliigeA IRl nhaLti ng the

synchroni zed operation. And the positi sensorl ess operation ts to the
synchr oniczego0peictd @RdWAE N bty AYSaCYydfe;t he position comand signal or a

| evel of the counter electronotive force becones | ower

Fig. 24 is a diagram showing a relation between the number
of rotations and an output voltage;

Fig. 25 is a block diagram showing an example of a structure
of a second embodiment of the frequency-to-voltage conversion device
of the invention;

Fig. 26 is a diagram showing a relation between a count value
and an output voltage;

Fig. 27 is a block diagram showing an example of the motor
control device where a frequency-to-voltage conversion device
according to the invention is applied to position sensorless
close-loop drive and control of a three-phase hybrid type stepping

motor;
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than a second predeterm ned value and the deviation is zero. The
-predeterm ned frequency here is set to a val ue capabl e of detect i_gp I&e
counter electronotive force, nanmely a val ue higher than the frequ néb 2003
corresponding to a mninmumrotational speed at which the position

“sensorl ess rotation can be performed. As shown in Fig. 5, this enbodi nent
adds speed m nor | oop conpensation to a Pl position control systemto nake

the speed m norFiI oop, ciongrolve\jA:/iotrQ J&spect (éometg agte)vis%toiwog in thciegosi tion
sensor | ess operafion, Tn° other “wWordS S file’ veVi atfon’ SOTNERY IGTPc8tnts t he

i . . iti i i | inth
position oqfogg-n??l SIReL A0, £ N 9%9;%% > cfei?;ag{cggﬁgcgf Cﬂgs' gyal 1n the

position se ess operation, outpu ation betweén the conmanded
position and thegpresend aPesbitdht anduwRBs T M BiaBee Pt 3equenéyJ AN 2003
control in view of the deviation via the proportional gain 109 and the

i nt egr at itervokange Khhvefhiisn grpcadding bvhen speqdemtyraio-voQpagonpensati on to
the PI position control systemto nmake control, input to the notor is
control | epnyershen deviigeati on phase of the notor is agreed with a phase of
the position command signal, nanely the positional deviation is always
zero. Theref or @19pr¥cise pb¥thagh Tmwingl cauidisgdupesstrglofcasybeereal i zed
with respect to_the pqgsition comrand sjgnal. tails of .the synchroni zed
oper at | o lafdT PR RSSAEAOR QerREPBSRULT (BR 5779 Y ERBod! ment wi || be
described with reference tQ.Fig. 6. Fig. 7 1s an | apat ory diagram
illustrating ar?rlgf)e{r;’gtllsor‘]=1 %&??g?%pcofsqoﬁ’énﬁo?%r&?o fXLfgo?IPd%rvel 8, % whi ch the
solid ling. g . ectyon i ndicates an
act ual Sp&gegggggﬁg%ﬁo%tegggoghg %%géggﬁbf%rsgagngﬁl?ngﬁgat es its target
val ue. This notrag.contioh dexd:in sWol thes autapblic Il ¥ E60RAHtABNal
synchroni zed operation to the position sensorless operation and vice versa.
When t he devtior.i s activated, the operation node-sw tching neans 115 sets

t he operation node to the synchroni zed operation (step S1), and the signal
of the synchroni zed operation output is level "L" for exanple. Thus, the
changeover contacts of the ocger ation changeover sw tches 116, 117 are

shi fted tRFSThHOSH M GARBENG R aTHENIRYRIE IOt ep S2). Accordingly, the PWM

signal for the nchr.oni ze ration is selected during the synchronized
oparation and ‘SHmic Partr e SaprbPRar R Aram IS o Sk iR

posi tion goanppd, PY 5@ 68t &R% 23R %’?e' Hsent 1hvbhdi 6B % Rite
g na g

frequency of the position command sig xceeds a first predeterm ned

val ue (stpa Sh}eeAsHEYHIA dCOPY S iAGINAMRL | Vihd Ofitas-phaadwgddian the
stator coils reach a detectable |evel to enable the position sensorless
oper at i onsydehet eremat matrormotieresnahg ldong rakbet by bmeed s dolnéropeleaticen node
to the position sensorless operation (step S7), the operation swtching

si gnal i stchgRgeto fdsvel efer ejamplg, | aviegad |qarraage tand ehkRapRoVE@edcont act s
of the operati on changeover switches 116, 117 are shifted to theggositi on

sensor | eSEGHEF S 0617 BFHREQSt Bl dpere soppectid #5 Aol tpFErtE bRt éBRsor | ess

operation, | rlo]ggtﬁg%oi%%%[tl on sensorl ess operation, as indicated by

The motor control device according to this embodiment has a
rotor position detection circuit 1, a commutation pulse generation
circuit 2, a deviation counter 3, an adder 4, a bias control circuit
5, an operation mode-switching circuit 6, a voltage command control
circuit 7, a PWM control circuit 8, a synchronized operation PWM
generation circuit 9, operation changeover switches 11, 12, a gate
signal generation circuit 13, and an inverter 14 for driving a

three-phase hybrid type stepping motor 15 as shown in Fig. 1. And
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steps S8 to S11, the conmutation timng generation nmeans 103 produces
.commutation timng every time when the rotor position detection neand JAN 2003
detects the rotor position, and conmutation is performed in synchronization
with the commutation timng. The aforesaid commutati on sequence is

continued while the position sensorless operation is possible, and the

speed m nor | oop conpensation is added to the Pl position control systemto
make conttrhgl » mS€s hcaotntaggurate eposi ti og. contr%l and speed cont r?oTL are

real i zed W th™? e¥pecr 8t A2  ISsiifi SRR cthtsiTd °Si TRST . SXARERCPhe"hotor i s
decel er at : f Sitl ; Sl ones | ower
than a sg?or]{ggg?ﬁegagﬁa%%g%ggg%a l?esg?g?g% %;1é23%,@ltgﬁggggsgqu§tc?lgﬁgn§$e-sw tching
means 11300t EMcHh@bode AOKIAINRE 18, "ZLTR" deSEEPol I)rtaRPas@l S the
‘operation node to thé synchroni zed operation (step S14) . The changeover
contacts of thehepitaliled sthaspeny et theidethest 136 potdiomy 6f $kholed again
to the synchroni zed operation side (step S2), the synchronized operation is
cont i nueccangroheddvinal wpdlile arescombaddvipil sefésemge $5 Yhe drabinge.41 T
JAN 2003 notor is stopped at the target position. The speed mnor |oop
control suppred¥esretar pasH ian eatediipn sheadlty btist Fonfirednt? $0&S a

dunpi ng propert ln other words, it has an effect that, proportional gain

Kp is outlﬁhtreagg?‘fl‘fes CREBLEE e e GtEeNBELYRE &fFTRE BFOTHE S plePHiSior 1 oop is
smal | at |.ow speed rotation, .hut .the praportional gain Kp.is made small
because (& SaMRece L RSareT TR BASkl a Sukiah. BREEdsiStaTi on.

Accordin , i I C Y i he speed
mimor | o oSS R PRt ke B0 A R B e L e

nonosci | lAat:Qi¥t Woh | s3@GUHI §8 1RSRGRSEVAL YoheL BAsPE &haRCedspResiwles, since
this enbodi nent gives a predetermned initial value to the integration
means 11Gzounlter adidert rbh3t e Fok8e &N Honpeedadd on thd basds wal tiee evedri f a
deviation is zero when the operation is shifted to the position sensorless
oper at i orposthasn sigvhirryeonnutatiitoageiring 5ighal indécatuingr comnuhatprassed,

and out of, synchroni smcan be prevented. The integration initial value is
set to a %A S5 IhAXCARLBHtTHRRPNEr BR R FUPPEEPB N thgnsEREVhCaiL A d

dependi n n l.gad_and a rotatjonal speed. Thus, by.setting, the

i nt egr at igloér)f ?21 tli%al a %gﬁewté’ut%h%eh%ﬁf’f"ﬂ'gﬁ?‘?/’acﬁg,mf’ﬁ%%&%%%rt(?nFl}eeﬁaSﬁer ation
can be shif . ! I LIl in
Fro. 7. T e e BB o R b o e
is mainlydn charge of acceleration after shifting, so that accumul ati on of
the deviation is decreased. Therefore, the operation can always be nade
with the devi atihencomimita® ivncpulidey gehezelidon anfewiat 2l ingohtigussantbe nmade
short. As descri bed above, according to the notor control nethod and its
appar at uPxsiduchi s sénpbeiprbae evehy fimeseheryhbarotoz atdtetesciit eog sggp - 7
JAN 2003 with posjtion deviation zero, nanely the position control, can be
made in t3HYIIS0N thekasenodr thassobpePasibirn shendbPEPIRcEd B theitPERTwi t h | ow

. d ' 0 i ' whi | Nt ai n i tioni ,
and when RYYRCAT OIS0 SHEFAY dnahd ShiTrel t BT REOHBERE H TehiSor | ess
oper ati on.as £9§ggig§¢€%gggg,3pul | ing out of synchronismcan be prevented,

_and se_ttl Ing time can be made jshort. N_ow, anot her enbodi nment _of t he
invention Wil e desddiBadcodrtér 3 19 donraghteglsotimay antpleqydsigian exanpl e

of the structure of the notor control device of the present invention which
i s appli eskrisoraekbrgeerpitasa Hyisdid ibypeomhappiptd sea0(ssiad oahownmand Fi g. 12.
signal) from outside and the pulse from the commutation pulse
generation circuit 2 are respectively counted, a deviation between
a target position and the current position is determined from a

difference between the counted values, and a deviation voltage

corresponding to the determined deviation is output to the adder
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The notor control device of this enbodi mrent has a rotation position
detecting section 221, a tim ng decision and speed detecting sectLquégaﬁma
an adder 240, a control section 223, and an inverter section 224 as

in Fig. 10 and is configured to excite star-connected stator coils 225 to
"227 of a three-phase hybrid type stepping notor 228 in a predetermn ned
exciting pattern with a predeterm ned connutatlon timng as descri bed

aftervvard ﬁls Ctn ured that thﬁ ati.on 85|t| ndetectln%section
221 takes' 1 nPESpATtT PESTETOR AaBr BOLE VRBIRE THEAHENSPAT R i | s 225
to 227 whety 08+ IDf Ue ﬁ%\% §t£9t£$de%bt89f$}%e§ Lbs Lf‘{o%%%kox%f 39Rs Va to

Vc with a predeterm ne tage suc statbr-colls connect 1 ng- poin

vol tage ofotdie f@%&fo@étl%nwt%éﬁﬁ%n' T Adréna®fi o R UlsPiveG Y 8l €298 Rdnify @
rectifier 230, generates rotor position signals S1 to S3 indicating the
rotati on pgulsess sid e kotetiomd spebpuistdriatgenel atgdanotiaraposi tion
signals S1 to S3 to the timng decision and speed detecting section 222.
Ther ef or efreaduencyt af imilsgesi ti on detecting section 221 conprises three
unshown 43 - 7 JAN 208 conparators and the |ike. The tim ng decision and
speed det ecti ndfhseagfien L23 ernfdgusedi vemrdd sideyiakdonr aidlitageetyj@stnhen t he
rotor position signals Sl to S3 supplied fromthe rotation position

det ect | ngf%%‘bF?%r‘?efiPt’a‘?’é ceHaRYed, 2 A RIS s VL 1397 HeltWhe ERON FBe Rdfsct ed
nmonment s of ha ges ans .of a qount ut s, ener |z |on hangeover
timng signars S?L'lr?LYltS anﬁd'f%a"tul b‘teﬁé?gl zdtéat% OlE%engeove? Y1 ﬁﬁaﬁg of the

stator CoOLdSn-2A%cbReZA! ARrchhe pasis of the nmeasured tine and uses the
measured tine to defernminé a rotational speed of the rotor. Details of the

signal processing iW kbnbeg@est kthhedyid aneasgncHisi®lar 8petdieidd Fkng

deci sion and speed detecting section 222 conprises a plurality of counters
or ti mer sshififtedaddeth@4dsptdducesnspripeedopearttrion scgnadiasedtba a
rotational speed fromthe timng decision and speed detecting section 222
and a speereradirnngvwiterhnoheiowrlifhomttie oopenatd onheogetranidetiingeed control
signal to the control section 223. The control section 223 outputs

ener gi zat FHifSitghalheprias cptrel dsrtibld PHEPGN erpredeterawardtvrs QL to

f th t t 224 f t t h t at | 2b t.o 227
O gL B SR P Rt LG LS ELL AL O 5.P25 1 227 on

pr et o i gl i 41 4 5L BoC, (1al o2 |4 BZS SGLL! Ml 0hed B2

ener gi zai on changeover timng (comutation timn erm ned on the
basis of the .energdivaaki 5 €NRANGIONEN & bfbP&hSi4RakSsadlectled SSperittigut from
the timng decision and speed detecting section 222. And, the energization
si gnal s RdntthePGoad et sarmpploifedhé rimsrdhascantiritls deetli. on 223 to respecti ve
bases of the transistors QL to Q6 of the inverter section 224. The inverter
section 224 cord€ spsratien é@dﬁhéyétmirwg@iﬂwit 6 7Zs) ARN2OGWr]d teui t
consisting of the switching transistors 6, .and the stator coils 225
to 227 of P¥IS%08Br cBfRAMdGRnE¥ikehing éaﬂbﬁ% §9§’ﬁVﬁEF§l%ﬁ fiom GP?dge
circuit. Tra S|stor§ g% Q, §5 g di odes, D1 to D61connecte aral l el
thereto. TAETIVEFEE REASER 52418 pgﬁbb’r?’é&exﬂff’ﬁ @ DERTSF é&’é ichis
obt ai ned t he

1 ned b 33§8ga%¥ewgsmt g/l%toﬁgceoriaa%@ G OMRSs 3 %estﬁaarme

rectifier I ng capacit for snoot |ng t out put from
the recti{aBie,23@mk Sy i @Gugdet nerwt&lo}netlw tAbreebPptodieidd Nal shof the
rectifier 230. Now, an exanple of the operation of the notor control device
of this estaxbimenilsard,i ga;elB aFf dre aidtdaeadlahmsehwal sutfl cdeacridwed ,wit h

reference to Fig. 10 and Fig. 11. Until the notor 228 reaches a
pr edet er nem@dEoruserclying from the position sensorless operation to the

synchronized operation when a deviation of the deviation counter
3 becomes “zero”. BAnd, respective contacts of the operation
changeover switches 11, 12 are switched to either of the synchronized

operation side or the position sensorless operation side according
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rotations fromits stopped state, a counter electronotive force capabl e of
-specifying the rotor position cannot be obtained in the stator-c'piZMgJ 200 to
227. Accordingly, when the notor is started, the control section 22
controls to output the energization signals P1 to P6 to excite the
"respective stator coils 225 to 227 in a predeterm ned order. The
transistors QL to @ of the inverter section 224 are electrically conducted
accordi ng _t h rLai.zat | Si g 1 %péjr S cojls 225 to
227 are g)?c??%dpepsegc%gel%bi %‘Hé;&]%ﬁug%ﬁﬁg rao%orlgg?ra es as?%@h%‘g#)ézhel %|r ot ations

ina so- %QPBQP APRRULHARPLd Nerdf $LdaR6E: Mt RitBG €31 ting. Thus, when the

notor is sfarted, the exciting tine of the exciting pattern is sufficient
to apply power upéntrdeei esReeht Yot HALOItLR £ Sorddfe b2, S0t 126 LVat e the
notor and gradually shortens the exciting tine to increase the rotational
speed of cohmandtamtrdhenitheitr Ot abhkesadonsaeedcofittdie sootbat et ire® a
sufficient level, the counter electronotive forces capable of specifying
the 46 confrghNiEGEtr Btedduregosi PRONpofl seheldtdt ordutat ivmdgdedain t he
stator coils 225 to 227, and term nal voltages Va to Vc are obtained. As
one exanBcECBRLrh&x &PRi PAFPWoMCdg88eVa to Ve, the termnal vol tage Va of

the stat il 225 is_shown in Fig. .11 (A) . The ot i nal_ vol t
Vbr Ve are not PERBUPTRHIF GPRMEFLAEOR K BRGSE Ry TIBSAY SPBRRF SO TRLR e

term nal vo V t shave t.he f ; ; f f the
Lorm nal ok aga b ale Hce SATB RN S ghls A dJim ST L
negat i Ve oR@phid 13% g8 ¥ ItheFhlded 4 GAY SCtROaSRE sBodaANY 8ne are
different fromeach other as shown in Fig. 14. The respecfive term nal

vol t ages gdaet 9idialalRrneeapasrettiMchitl 08 wsaRBEkEoBeration changeover
stator-coil s-connecting-point voltage of the notor 22B by unillustrated

t hree compatehots. in the rotation position detecting section 221, and an
out put which becones | evel "H' when the term nal voltages Va to Vc exceed

t he st at or - coi TREFMEREPRLZFHPREr fcionaR]®! genFRtaPREd TrRdmItIrReraspect i ve
conpar at or s, But ince a spike voltage (a) .transiently produced at the
commut at iaoﬁwﬁdssﬁdﬁ’(?liua%ob‘? et R di5ed P?/ré“{’%tzﬁan%ﬁ’e%IlPﬁg%%g\?é’%PB%flc as
shown in Eig 1 t put, of_. r I at Qrs; ot be
used as it?‘ei gw%sé riealr gtgo?H%o%}ttel g’rllgg%n%%?%;dpégt%ng ?L%e&rgo %?C?cg% position
of the rQiRiatiterafiRoviiesd it k9N position detecting section 221
elimnates an influence due to the spike voltage (a) anong the outputs from
t he conpar at or $nbynhans giiHreRA k8l CopBIaRts ofi | ChhAyat e MBSHna AR BgbYy, the
rotation position detecting section 221 outputs the rotor position signals
S1 to S3dimdhittingehématrest atgare poghdl dos Dfowing awtezciiingromwmenh Fi gs.
11(B), (©), (D). Here, the respective rising and falling edges of the rotor
46 -1 JANEDOEE5e%i9ids %ﬁgﬁglrsles?ftﬁ“es@@b‘? AB8sPEHresizaRidNEREs when
the termnnal voltages va tq Vc of the corresponding stator coils 225 to 227
change 1 1101h BESHHGe OBMABGARTVRE GFoMebat i VEohe podFt £ KL Py 11 (A) )

The tim I Si peed detecti S I cLs,sequentially
t he mmﬁeggﬁgg%éfhog)%rr%?g?gbo&;?et %gtﬁ%s%%%ls%%%}efg%t%%gsc(&%%ﬁ%dlfr omthe
rotation Qoghbiog a{j%ta%ﬁtéﬂ%aie%' P ah EXaNGeg BarFRIN kBechesnaebive
rising and falling edges of the rotor position'signals S1 to S3,

sequent i aldiy sded,e1 ) nesftiHEnOfoPen isgeshddnizb2idhn viehwarRncélmmtadetieat ed
edges (see Fig. 11 (E) ) , and outputs, based on the determ ned tine,

ener gi zattisinghaihgredy dromi thegraiogngbsiSidn tdet88tidmrcidenidi hg t he

energi zati on changeover tinmng (commutation timng) of the stator coils 225
to 227. Detai | Fhefinvpstergrfatomnicesst rarenphreetinidag decrdtHrVanRed speed
detecting section 222 will be described bel ow. Wen the fallin g%ge of the
rotor poditildHSEYYrd s&f Jveitgbipgtedratster t AP IR UsEP At d® i r st
counter abl.e of .counting. up and down _starts to count .fromtj tl. The
count i ngclggelligt ?gntlbei/"f 8rf?‘$sﬁrec§ﬁﬁ‘f18?t?&s é’oﬁ&%g'tné ed:\'/nelrna%%r?%dt 1 from
time t1 tqQ Jd t 2, wh | si . e I ;posiiiom shanal S3 is
detected lglr‘l%r?g]r:mg%ét gge%‘ﬁf |erfetﬁg.gg%gs%tetf%gdoﬁ'(l%h%orlggs%onlgs to 60 in

el ectri calne?Pflfage of electric current through them controlled by the gate
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Then, an unillustrated second counter capable of making up and do.yvn
counting starts to count fromthe tinme t2, the counting operation tMNIRmB
second counter is conducted over period T2 fromthe tine t2 to tinme t3 when
the falling edge of the rotor position signal S2 is detected and term nates
“the counting operation at the tine t3 . The period T2 corresponds to 60 in
electrical angle . Here, the period Tl and the period T2 have a different

Lor i nal g agubepaced Ry o G H AL RS BN ERTIO 43, PR 5898 0 1

di fferentzraadcl bigy dukeheNERsS thebhgetafk aTadsscedbad 1@boye, 14, is
preferabl e that energization changeover timng (commutation timng) of the

stator coils 2Rowl om2dximpldet eriengtria®ibe of temBtodlcositirbl idegiet 30 in
el ectrical angle with reference to the tines t1, t2, taw when the

respecti wd euigesmoddinmntr d¢suripesidbove vilnbksieStribe&$idherafzireated so to
efficiently control the notor 228. Therefore, at the tine t3, the first
count er $aFig. th teoRhgcobint Fite L dgnd eftlopshaet cohaniow dor exprliecoferi od T1
and outputs to the control section 223 the energization changeover tim ng
si gnal atthe RETRFIRRAT Hhe resonceatval feVBER ondd 1/ 1 Gy PERIFVREPRY to 30

in electrj,cal _an el) " ngaded sections in Fit%. 11(F), indicate del ayed
amount ( derdyti ) <SS égﬁo%ioﬁﬁr?gl% B3t e Ectri aE n}fﬁcﬁlre'.:olna—"f%o the tinme
t3, a thidd;euRil et AqhSHOWY Jrﬁxge"a}%ﬁ i%heaﬁ@u%ey%h%% %ﬁ‘éﬂeﬁppgp ng

starts the counting operation. coun g operation by eth counter

i's condugediedamdientes ahdadtidM ddied bR hbndter! I 4R tRe WACRA B KERSI NY
edge of the rotor position signal S1 is detected and termnated at tinme tb5.

At the tilnmet Indidetesacdepdtangst @algearts to down-count the counted val ue
obtai ned by counting over the period T2 and outputs an energi zation
changeover ti masgsbpgmain dtigt.i Ae e wedonrt benttmindedivel prrfiveventise 1/ 2
(corresponding to 30 in electrical angle) . And, a fourth counter (not
shown) caP@shEoBTzemidPsgatipormiddsna eotitiang sspap¥keso opgkatiere counting
operation fromthe tine_ t5, the cguntin . operation py the fourth counter is

conduct ed FSFEF BRI CF T4 SFF ot A~ 1oP 795K GBS T AR TVNEF5 to tine t7 when
the fall !all&oﬁ\ggs‘?%é)h @%iq:gfx%.f]@%%{ EhQ“syfA 'ni§§d'§p&%f%‘i%%egga&9eterm. nat ed
at the time t7. Simlarly, iTe the fiTrst counter "perforns the counting
position sensorless operation and vice versa.
The synchronized operation and the position sensorless
operation will be described in detail.
Where the motor 15 is started at time tl as shown in Fig. 3,
the operation switching signal to be output from the operation
mode-switching circuit 6 has for example level “L” to perform the
synchronized operation, so that the changeover contacts of the
operation changeover switches 11, 12 are positioned on the
synchronized operation side (on the side opposite from the one shown
in Fig. 1). Therefore, the gate signal generation circuit 13 in
the synchronized operation drives the inverter 14 to make
commutation in synchronization with the position command pulse from

the outside (step S1). In other words, the gate signal generation

circuit 13 produces the gate signal in synchronization with the
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operation over the period T5, the third counter outputs the ener gi_zpy'émgum
changeover timng signal at tinme t8 by down-counting of the counted .
And, while the second counter counts over the period T6, the fourth counter
out puts the energization changeover timng signal at time t10 by

down- counting of the counted value. Therefore, when the timng decision and
speed detecting section 222 produces an energi zati on changeover tim ng
signal in a. redetermn'raledu erio it, uses ngtértﬂia val ue

posifkion ‘cotmm e d e inve S ac {3 ené %C}I/ %¥1 the
counter iFF>thHe perio nfredt at e y b OrdVER predeJ’terrriﬁX?i peri‘o But the

val ue couladsfyndineo GAURI S kBt ity LB DAL 11 DRkAkE: NS 1507,

ener gi zatm on changeover timng signals 51" to S% produced and out put by
the tim ng.decision and speed detecting section 222 are supplied to the
control section 223. The control section 223 outputs the energization
signals Pl to Bf& tife makitg dperddVNobhfodoivilichbhg tdiectiarsisdgsso)l to 6
to excite the respective stator coils 225 to 227 according to the speed
control dihgnhésis @fi the acddwengdof ¢hbepdeicidrbedmadn®pndsd et ghe
predeterm ned exciting nethod (e.g., two-phase exciting). And, the

ener gi zaMRTchakoverchedi hpredehnemindconotprhiery) (StePhédbd and the
energi zati on _changeoqgver,tining signals S1' to S3' output fromthe timng
deci si on Oé’r‘?ﬁagb%’égwﬂigftéﬂq AP P o 550m $RE PREGREL R AR oM s 188ct i on
223 prod . en i zation, signal,s, P RG..t h r ectiv

exciti ngu%ﬁgﬁggﬁglﬁeﬁg%%eﬁ%%‘oﬁ%%ﬁll's 531513{‘%12 ?'bgézngtﬁehterﬁ(g@% esovs?%om in
Fi 0. 11(dhtabth od lche ddbddte oOLRInGRREEOLy RMISE1 BCGY diBG i@ chlS
enbodi ment, the 49 - JAN 2003 ti'm ng deci sion and speed detecting
section 222 tpeOogé€asi dnheeREGF IHsEAbbOPa N GEA¥E| thd Bo3G t3bHN Shakin

descri bed above. In addition, it determnes the rotational speed of the
rotor, anih lFagedlpntd shidet es niheegosdt bdn cralsozpessl, opdravikes t he speed
control consisting of a close |oop. The operations of the respective
sections invol A&d tiipet ¥2 s Wgesditeninmisighpl brinte sepPbied idoswthdo nake
the speed control, the timng decision and s%eed,det ect i nﬁ section 222
detect s tPFENEAPITRASSHATFRIRE et of tnh&hroPias gondzeh SFrtHE Pinmes t1,

t2, t3 ~~~ en t respect iwe edges of, the r r . position signals,S1 to S3
are det ec]tse\é\ﬂa ee$§f%’?§,gvf% ;f'netcf igﬁ?’%g geéi%r}dgﬁg%r?&agpceoé‘ ra-sétcg%ﬁc.“ﬁ& section
222, the @vo%rtgqesvg'&%dgge%@%&msgdvﬂ%%t %ngltl@dacmér_t e gQutsey .in_the

period T1 and the count | 'ue counte e counter in the period T2 is
determ negt ghid ikARe} 3InlQrenXSIHERl €61 iheuppiAdd enah thpeadsiordthelrotor is
determ ned froma reciprocal of the determ ned average value . The sum of

t he peri cdirFhignd thechpenvbdtade omaadpentisrdlo ciz2Bult Bl eatr tbal PWngl e, and
since a physical distance corresponding to this electrical angle of 120 is
known, tHENEPAGiGILL Spueduses RHEM pianalaareing tertherkiasase ldégeri bed

above. Simlarly, the timng decjsion and speed detecting, sect,ion, 6222
det er mi nes*% A¥MavE9RRfe Wa?ﬁgpldfedt e tRurfiadd FapnRt cﬁﬁi’r"i‘trégl% PFE¢bunt er in

t he peri 2 and the.counted. valu unted by .the counter in the period T3
at tinme '?%-a\['r?dsgte:f"é?(ranthneeé:ofg%gh%%f’atogf f%ﬁ% P %igﬁal speed of the rotor from

the reciprocal fudhe, 2&%&@%?@%@@%% %ﬁ't%lgé Andutpid el BRE & dgker m nes

t he average value of t coun al ue counted by the counter in the period
T3 and t herepuheetbiMaltifg GaHBbRd RY tiR €PUBIRKibRiéNrRed askikdidh time t7
and determne to update the rotational speed of the rotor fromthe

reci pr ocatowiftexo3 is "7",JANA2H0 dutbat diivdmanine vaAvagaget theudeviHvdoef or e,

t he respective counted values of the counter are used with overl appi ng when
t he rot at¢omflerspeadpot tichthe gidderi 4 igel' @t nispethatThbss aomdrepdtansitemal speed
of the rotor determined at 60 in electrical angle by the timng decision

and speed”WtELe; By sEeBt Frmmebor il obtRithdd Bt HEtePmi 31 RYLPRE BVE age
speed in a riod corresponding to 120 in electrical .angl uch as_the
period TIohridhe RRURETT 6 SFor MG Er SPECST (REPHERT| Dhd s LRt 5 LRE I ot or
can be o i ned C |y .even.if there i i f e e
posi tiveb{aﬁdqﬁégg?io\lfe%%gr%{oot\s{f (5;? { weergduﬂ%%ar&eﬁqigc%%ﬁ&%ﬁa\?@?i&)}gﬁ%@g Qa to Vb
produced pd tHenSEALRL ok #dOot00f%4nchREni G 3k AlAleaSPEa0-Huikhe rotor
determ ned by the timng decision and Speed detecting section 222 is
supplied to the adder 240. The adder 240 produces a speed control signal
(devi ation signal) froma deviation bs ween the rotational speed and the
speed command from the outside and ou %uts t he produced speed contr ol
signal to the control section 223. The control section 223 makes PW
control of the energization signals P1 to P6 to be supplied to the
transistors QL to @ according to the speed control signal, so that the
rotational speed of the rotor is controlled to becone a target val ue.




As descri bed above, the notor control device according to this enbodi nent
produces the rotor position signals S1 to S3 indicating the rota_t'o_&‘cl\l I
positions of the rotor in view of the counter electronotive force tth"‘/b
produced in the stator coils 225 to 227 of the notor 228, detects
“sequentially the edges of the rotor position signals S1 to S3 to count a

ti me between the edges by neans of the counter, and when a delay tine is
added wi tpb refereflce AN §883 hllgsrveosl%eacti ve det ect (?Ldatti mes of

cor81 iti:o'%idesi- r]ie&; t a ge. to a mani e{:l
the edges 10 Geter ne the “Endf G Zat foh tRafdeover °ti m fg of T hé Stat or

coils 22840330, wiisenhene AN KAl ye: N Y1 Ll cpauntes, i the

peri od before the just previous period anong the counte ues of the
counter tdr-4@LQrdd B8 grideedle! @t bEBBrret 6 iR, o £%QRAchford i kR PRneeCt i ON
of the nmotor has variations in nmechanical precision and the positive and
negat i ve quariagdsen ois tshe feedntertial @okioiol i semsbelees qpeaditéed. i n the stator
coils of the notor are different, such a difference can be reflected in the
del ay tine, soAffter shifwimgr gozabe grriitdogesemsonlesisngrefative esator coil s
225 to 227 can be nmade accurately. Therefore, snooth rotations of the rotor
and the rifssEiped@even s bee Pdakivaddadamptruket 5asn Bhe bdasraintasdi ce
according to this enbodient uses_the count e%%a' ue, of the counter to
sequent i af " UdEt ectS 4RY 'Fog dﬁ&&?es‘thIOSOtQ?‘? B ¥pf ot St RFT6E6 at each

f the ti, th [ A iti
Signars. SF Ro 8Pt el o oBiesFT OFRe Bl TPt i et e £08 g o
the countgd4abugSive!, Noe GRINY Gher RnEhSi 4¥ G¥i OMSe PRI OHs AREnt f1e thuo

peri ods before such as the period Tl and the period T2 is used to obtain
the aver agsrigee. colnteef dRs EVRViatibAd 000] ¥RCbOSr Afs L HairiRear has
variations in mechanical precision and the positive and negative periods of
t he countter aepesitisrotfioreatded elrova the Mistprnatededositide stator coils 225
to 227 have a difference, the obtained rotational speed of the rotor is
good in preci sib¥ingd-hehpesitionpsendosilensoireratigpedbiecmioraosddisonst i ng of
a close | pgop can be prevented fromlowering. The position detection neans
descri bedd$5FeEraR FiFFUBS 1 Produpey 2608MRRR i biag 31 917 +tidatdR9posi ti on

detection_section 221 of.Fig. 10 .. a ¢l qcking. d .an_energi zation
changeove?het icr%mﬂlétaﬁtelcﬁnm (Jilﬁl'g%é’#stkc’%rsrteagﬁgnﬁ‘gl?%q{%fﬁe?ﬂ nﬁan(ff]‘mgllnodch ?éggd

det ecting; SegliNg22< s18AG1 [JAReXEL LA R rBBADS 3COTFARINOBKS ghee LGraeNt 1 Ol
section 223 and t%e Invérter section 224. And, the clocking neans and the
ener gi zat génerchangeayenit 1BigYdadecs S Qi BadIsa 1068 6vhBREb ik atli3h Mith
corresponds to the timng and speed detecting section 222 of Fig. 10. The
posi ti on et estmoratiBansindingcsd isgriall8 Tor i as@otrds14 d st del vedt atdomniipgsi ti on
detection section 221 of Fig. 10, the exciting neans corresponds to the
timng ant $hecthesderdhgosbiey o 222itinge caprrioltostrs S§ATPRFo4AE t he
inverter section_224, the rotational speed detection neans corresponds to
the tim nbs'arjrﬂ'sﬂaﬁed detecting section 222, and the control neans

corresponds to the,adder 240 and the confrol sect] 3. | de t he
position det ectéugﬁhﬁgrﬁ%ge’ofd(?lgllgﬁn%q%pgg%%le%rbosr? gokgg?%ép%?gﬁrg’n%ggsi tion

det ecti ONc&fafita®Ror 3hi¥e HeferadOiod RErELEEK RIBBELS HRApLNSe &NLRGELZat i ON
changeover timng decision neans corresponds to the timng and speed

det ect i ngr&@it kQPng %4 at SENEYXCIstbptaniRdNang WutpRiRentite i okiliced Plilsel
section 223 and the inverter section 224, the rotational speed detection
nmeans cortespendsviastidre countag ecTEenafay] sheedeviettdoni ngurstent i3on 222,
and the control nmeans corresponds to the adder 240 and the control section
223. counts the position command pulse and the pulse from the commutation

pulse generation circuit 2 to determine a deviation of the position

and outputs a deviation voltage corresponding to the deviation to

the adder 4.

Therefore, during the position sensorless operation shown in
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The nmotor control device according to this enbodi nent adds a delay tine
with each of the detected tine of the edges as reference to determ ge the
energi zati on changeover timng of the stator coils 225 to 227. And; t AN 2003
calculate the delay tinme, the counted val ue b3 - 7 JAN 2D03 counted by
“the counter not in the period just before the decision but in the period
before that period is used anong the counted val ues of the counter. But,

t he del ay,ti calcul.ated,., for exanpleg.at tinme.t7,..by using_the
count ed éé?U?@%%Hteﬁ&ng%’tegrt%esﬂdc 2 TS lrgg’n e)?efﬁjéoggﬁﬁ?%ldt %g ?jgcg?/ t he

counter ifetheiRebhatk ThePtlc ! 50 IRRCONNRH VRS U 98 JehRigOUNtgfei N the

period T1 that a difference between the positive and negative periods of
the countieteetfl KeHRAL VEs foitpaE €5 QdIC Qe NsidiR1SHBhOFattidr ©i2dRif 0 227
can be reflected. The notor control device according to this enbodi nent
uses t heldountprdduaé ue gatet figredunhesyrichroaduetioraMiyhdeteclieteotipaat e t he
rotational speed of the rotor, for exanple, uses the counted val ue of the
count er shghdl pndvikridnperten ldnis tdrd venoagmrididy tretbeegatsughgnzl t he
period T1 and the period T2 to determ ne the rotational speed of the rotor.
But, thetPof¥V GRaplepeeis srrraet rtor shenglptsr ealtuilidred”byl&rsi Bgifiot only
the respective counted val ues of the cqunter i C‘_%Ee eriod T3 and the

peri od Tlfrg?e‘?lf]??e is7reRratsthnprat ?)Lﬂevd13§6°’t’h%p nflgﬁl?/talicli‘ecﬁmf?ﬂé count er
whi ch cap ggé&g?it Qdifference of the counter electronotive force between

the positive anc negati ve periods produced in the stator coils 225 to 227,

such as the regspegld (R sq@4Bhese V)13 s0bpd i iCAUNERE ndtdrgsperiod T1 and
the period T2. Besides, in the aforesai dperrbodl ment, the timng decision
and speedcdel &cdtidagifecktate 222b6 0P ldela§ed thlaul ttd bysoticowdpasdand t he
like, but it may al so be configured of, for exanple, the timng decision
and speethedates tifngneaddita, odu22iy andeldmn Ciont pedice Tl i grwd28n iy .b2. f or ned
of a one-chip mcroconputer, or a conbination of a mcroconputer and a
count er. Tegreforey ghel ggydatipotdferhe deydrtibon cofinthe piesmrumppgtedi on wil |
be described. As shown in Fig. 16 and Fig. 17, a notor control_ device 301
of this EHBLRY HBStaFelfragirporPsrahier Bshise @t%ﬁpﬁhﬁﬁnnﬁt Ei9¢ i%sPYkneral

viewis nol show: uhich. rolales Lhe, ook by, Causig oyt aLion in three

star-connected stator corl's"A™B, &_, hd conprises an I'nverLer i r cui t 302
whi ch i nebHdesn® Alerb¥ ot S 190 Tehi ¥ ¢RYI S@%erT&knaPene Kotognd negative
side switching devices Ta-, Tb-, Tc- to supply power voltage Ed to the

stator cdiekglérathhs GitR 8OLHY &iital eetp&d®itovené qis tdehesbmmahdCiihcui t 303
for detecting counter electronotive forces ea, eb, ec (see Fig. 18) of the
stat or coleksléyvatBonCopangtiorcgairiot T3 ratown 304Ffgr 3Gontr that rgnet he
inverter circuit 302 on the basis of output fromthe counter electronotive
force dederipbirriofctihe dBIBatirifountend daFredfafgadaiovasimdig-H ', Tc+,
Ta-, Tb-, Tccopsists of a transistor and a free wheeling di ode. The counter
el ect r onBEFIE e UBEBCHIOMTHALLPE BRPPMRSs 2T ur &PPt HOVF T hpar at or s
331, 332, _333.,Termnal, voltages, Va Ve of (the. tor |ls B, C and
R R B ki e AR Y ey oL VL
333 t0 have ddiet £548:N8kn ¥R! 11agped\ib 2 Wsi¥eoR (thPGe 6 LREOE160) htédy B, C
pul sed. A voltage division ratio of the termnal voltages Va, Vb, Vc of the
stator caitlsSpPeddterminaBgd Botliloage division ratio of the power voltage are
set to have a relation of 2 to 1. In this enbodinent, the term nal voltages
Va, Vb, Vc of whenstlsf opecaticn Apd8; syl thitniegacivaiuiage joidgesitdratr ahe o of
(1/2), and the power voltage Ed has a voltage division ratio of (1/4). R
and 3R i depigtiay finei the edevirddpnt opurtar di baglibagorke” it age Sbme

t3 as shown in Fig. 3 (step S8: Yes), the operation changeover
switches 11, 12 are switched to the synchronized operation side,
and the same synchronized operation as described above is performed

(steps S9, S10). And, when the final position command pulse is
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- 1 JAN
-i's made
to input
directly

The cont
(m croco
b-, c+,

t er m nal

2003 into a predetermned ratio, and the division of each_voltage
by providing such resistors RR 3R O herwise, it nay be Tdnd JAN

the term nal voltages Va, Vb, Vc of the stator coils A B,

C

_ into the conparators 331, 332, 333. In this case, the termnal
“voltages Va, Vb, Vc of the stator coils A B, C have a voltage division
ratio of 1, and the power voltage Ed has a voltage division ratio of (1/2).

f#&'ﬂo@i' o o Oggré%%d?h%?ﬁmtgﬁé'r%%% CEHTEN S o,
opchf STEGEL GOTIAL D) | Rpkhie stakar o yﬁeé\r%edt%osbatﬁl%% on the

ages e stator S puls

conparators 33hs 334crH3%3 AR, PMM GO Lot of UevgBLE b NGh;& PWM si gnal .
ally, the pulses a+, a-, b-, c+, c- produced by the conmutation

si gnal t reabedifehoRtadi Iliéiﬂidrnﬁ’éﬂe &lyﬁcﬁﬂsﬁﬁdzct epetdtglonnahd theepddWdisngnal
t hrough ANDS (AND el enents ) 343, 344, 345, 346, 347, 348 so to be the base

Specific

for oper
Tc- of t

adnsgribes rgspediipue et bhangraltagentsorl sthe Thas dontrola-

Th-,

he inverter circuit 302. Therefore, these switching elenents Ta+
Tbh+, Tc+,CciFguitTh-is Rutpatetecthremddsr| ¢ %Wﬁf@héaabﬂy eheheoppsbtiatireui t

t ur ned

304, and the §03|t|ve side and the negatjve side are simultaneousl
OV OFF actiS@rngst Sreratpam soghzat epfp. ifighe éieé{ﬁaékﬁll‘ é??a’rttéfJ? WERGEam
showi ng A,

with the
vol t age.
stator c

B G e A el o7t aoye TR AERE PR PEASADE PR ence
Ae{ns‘o%légg%gegaa.cgn c%ﬁ }:§4qu d@ sInQ{) f%?ﬂ%éﬁo&@%%sm q‘:He t?rf?)scotrr"e

ol star-connecte comutation"wth a

JAN 208 ) eeivel 66t SNFRchloslswhi fted from t he point where the ter m nal

vol t age
Ther ef or
332, 333

C divide

in no exiting phase intersects with the reference voltage .

C

7

e, as ghewmotsr Rahtrbl deviexafptiels tehdodimeaectiisvaeshdfeat &bor s 331,
of the counter electronotive force detection circuit 303 detect

i nt er sect$ifs shetpresitdom sahsemlassgepeatiorh tovthef synehronaeed coils A, B,
dinto (1/2) and the power voltage Ed divided into (1/4), to have
the ter nitRATAFSPRARAN \Hhe YBViakiqncSetine A6 a5LeAUERMINRE, 3PhBCOTRA: |

“zero”, so that the motor can be stopped at the target position.

The operation mode-switching means described in claim 3
corresponds to the operation mode-switching circuit 6 and the
operation changeover switches 11, 12 shown in Fig. 1, the exciting
means corresponds to the rotor position detection circuit 1, the
gate signal generation circuit 13 and the inverter 14, the deviation
calculation means corresponds to the deviation counter 3, the
control means corresponds to the adder 4, the voltage command control
circuit 7 and the PWM control circuit 8, and the bias controel means
corresponds to the bias control circuit 5.

Now, another embodiment of the present invention will be
described.

Fig. 4 is a block diagram showing an example of another
structure of the motor control device where the present invention

is applied to a three-phase hybrid type stepping motor. The
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And in the comutation signal transmssion circuit 341, the detection of

-tthe termnal voltages in the stator coils imediately after the conmJt dANo2003
is prohibited in order to avoid an influence of a spike voltage produced

i mredi ately after the commutation. Specifically, as shown in Fig. 19, a
detection-prohibited area is deternined at required portions of the pul sed
termnal voltages PVa, PVb, PVc. The detection-prohibited area has a |l ength

appropriately determ ned. according.to a.spike volt ner.ati.on ri od
because t é:eé kaesevoV}?rab%% s %% %P%B‘}°é°§e°{r<¥elr"§{‘i%“%9§‘é‘?‘i’e%° ! gp%sﬁgng%g on the

Tt Or CULRRL cofidlol RvBUL 18Tk ¢ Raridkta nlag BitriSae LAk LSRLTALAO the

timng of the commutation are obtained fromthe confrutati on signa

transm sgle@Rafl &1k BEta PAARY SN ibell ith tHDpréftb &t fitles s wlicha-, b+,
b-, c+, c- are subj ected together with the lI%VWI signal to AND processi ng.
The not orareonbnodéctadd i & eodddioneht rstadrcduehedt ast amedi mgtdn. t he
flowchart shown in Fig. 21. In other words, the stepping notor is subjected
to t he synchr offheatbtopercattiron devign ofarhiy enkagd meht hesatdtongosdifdonhe
control by the notor control device 301 is configured to be made froma
state th%tﬁﬁ&%mﬁaas &P ctieat Poeition detechipp Mymihestsed sdgnadh, ec

are suffici entIY out put. _As descri bed above, the notor control_ device of
this enbSFPFERE ?}?é\‘ﬁ‘%ﬁ‘?g 1047 | FAREAE EOBf ETHE IS PSRBT AN 8BS 11 mo exiti ng

phase due o%u&?gﬁgrg\gé 'Egingplfglﬂ?r?egca%ltj%% ;[ngaenﬁltdglls_, Iagg §:‘f’¥§&aclhig%ﬂe§%f{2‘?@t and the

m nus side swmtc e | nver Ircurt” are “si mul taneously

turned ONQRE 1a/3C ol e QA 16, PYWL 51 90 cJliea! 97, rd €M iRASH IdpRBg0f the

rotor can be detected accurately w thout adding any special circuit.

Besi des, ddtaceibhfeshal1on, GOplSodrdIBaE] iga@nR@ont i fieigeatiah mehnk @ oot or

does not change largely, this reference does not change | argely, and

osci | | at iigrithel wealud lsetbihgputeag@pall i @ spekdt beisviii2shangaddeendABs and t he
stator coils can be prevented, and a detection error of the rotor position
due to tHMoskgnalaensratinnpeaps dddnopgratton uedetswitebpegimerry 1lvkhen only
one of the plus side switching elenent and the m nus side swtching el enent
i s tur nedTONPRER oD RAMEAVE Tt HE RS st il 17 Fﬁes}i‘?i’frbfmp%‘ﬁ'tfonAegnnot be
det ect ed ,ynl e%gtgpec S\ 'rtocihijn . el erent %f Ny ;gerrnaelf(grae,s i t irs pecessary to
make t he BPERLI CHUFS T 8T 1T ditent Py BSH frelTendy SYBIP PRe"r esent

| nventi on,£an 46k e4la e o5@t £5n RAGIsLEDs MM Ik 1 8RYo PTOUHeREENRId T the PWM
signal has a | ow frequency. Besides, the counter electronotive force

det ect i omydiriauiyipel Stepdvigdetton 118 By eRPaiRiPthe 3pdra tivor efiddgeaiverol t age
of the stator coil is pulsed by inputting the termnal voltage of the
stator coivitichee th& camparator directly or after dividing and al so

i nputting the power voltage after dividing. And, the term nal voltage of
the stator coi ITherdetaidegaitaucture efdharrespective regtionhalfdhg medrrage
division ratio_of 2 to 1, so that the term nal voltage of the stator 58 -

7 JAN 2005 gevite ditlske RIqRiRedry.

The rotor position detection means 101 takes in respective
counter electromotive forces produced in three star-connected
stator coils A, B, C in the position sensorless operation, and
generates rotor position signals indicating the rotation position
of the rotor on the basis of the counter electromotive forces. The
rotor position detection synthesized signal generation means 102
generates a rotor position detection synthesized signal which is
synthesized from the rotor position signals.

The commutation timing generation means 103 generates
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Particularly, according to the notor control device of this enbodi nent, the
-t-erm nal voltage of the stator coil, which is divided into ( 1/2 ) _,7al@1 2003
t he power voltage, which is divided into ( 1/4 ) , are inputted into't
conparator of the counter electronotive force detection circuit, so that
the (1/2)-divided ternm nal voltage of the stator coil can be pulsed with
reference to the (1/4)-divided power voltage. Furthernore, according to the
not or contr ol d?e?\éi c%.of t hi s_enbod] nent thg.cont %h circuit ftlas a

conmut at FSRTIFYHA" EHRRAKI FEIVERY T IS PPEFTIPDRICIER BT S8R5t Ruse
conmut at | j N r. Col [ . 1 : of the
stator o HSFSEe Bba QlortBlee o a2 sifa) HeBe R B LI AR

transm s3ogn Ginehlite dbbEHE 651 OILPbridiR LEESE AL ¥ phhageRiathea st at or
coil imrediately after the commutation is prohibited, so that an influence
of a spi keomotiagempuodtiad tifiRg] atied phakkeis tded ageAnby ad inekkeesarpe
prevented. As a result, the inverter circuit can be controlled accurately
even if wmeunmbtor load is increased. In addition, the notor control device
of this enbodinent can al so be used for a three-phase stepping notor. And,
the notor is s@iheapPrenftgtigni signpla oraggatian imggasolOh salesteraand a

paper - f eedi nfg_;lprre_chani smof a printer. Another enbodi nent of the E)rrléasent

i nvent i oF°RPEPAPTYQECFFRRRF 501 AH. EA S CormakdirA mext LR wew of

frequenc -ogzg-volt. e converlsi QN dgvi ce of the Pr%serg inggnti nwll be
descri bed O PFEfErBnEIRY FitGT 587¢% BI5eS 28 G 5Y FEe £ %1% ck di agram
show ng I C f i st i t<sQf. th
frequenc%?fgt\é%?t%&g%%&? "-%ta%'g\lgéldlf %88313%:%%?3?0% evigl(t::egrggfs%t ngli %Q/enti on.
The frequeneréorddibage tH0BNE IokRlt 4eVdiC @ iRERPdgREL ik ddieed iySthe

enbodi mrent has a cycle neasuring section 411, a nunber of rotations

nmeasur i ngosmutaioiond tamiag ngerieeatdbnro¢ats 98-t o- vol t age conversi on section
413 and a D/ A conversion section 414 as shown in Fig. 22. For exanple, when
a detection pulbe gzt spanabdidnegation grearison0dlervartieys(AWsdaml of t he
notor, the cycle nmeasuring section 411 determ nes a cycle of the inputted
pul se an@ePsraped iy EQPIV%'ééﬁﬂpghr%%P?ﬁat&OBdﬂ?ﬂ’b? 134 EpPe idescryped nunber
of rotatiqQns_neasuring section 412 is canfiqgured to asure unmber of
Cotati ond IoFRTHE Y CHP ERETIAAOBne I HE I REPEUETS Y JRFe CPRBRT A RE Ry ol ¢
Teasur i Ng56eti Qhebhtiof NFedHyTgh Of HiRALkoRS Ik %qghggef&m\e%mn _
section 413 1s ctonfigured to produce ‘an output” vol tage from a predeterm ned
cal cul at itpr exPeELsH @peQn the basis of the nunber of rotations determ ned
by the nunber of rotations neasuring section 412. Here, the output voltage
of the nunber aher bheadrntersi06- valdrdgescanviersi-phasechridyged E3resitan 8- bit
digital voltage for exanple. Since the output voltage of the nunber of

r ot at i ondavédngl erigdustnebed i vix switfbing deviisea. dipgit aFaven tcedés Rhe DA
conversion section 414 is configured to convert the digital voltage to an

anal og v&rit QR Ebe SERELaLS COMRRFEAChEC GWEPLE | T dPat ALY FREJETETEED- vol t age
i devj di to th i.rst .enbodi { fi d d i bed
above wi 06he TS EAbEA P SEVeRaRT b, e dneT etk (9% BaPSe i SRPEFDL at i on
det ect i i LAt t i
etector o(f"QEeé@Pi'@)c%%%L@etm Ifuckﬁeéﬂét i 891 LA4S, % % equULeYLmeasSUrt ng

section 60 -1 JAN 411, nes a cyc the 1 nputted

pul se. Sprekkhtdd by thbRRAteQBhEL geaBtheidd AaANE0LYEb @haRABWxKICAGiBGCt | ON
411 starts to count a clock pul se consisting of a predeterm ned frequency
at a risicugredgerlaws ftakbugty @@geraddr tdreilisnpyt Bpdc pul se and conti nues the
counting operation until the rising edge (or falling edge) of the next

i nputted pul seInStheposhtieh sehspuless opasatian,ofthe devddbien iwonater
frequency, the cycle nmeasuring sectiond4llcan neasure a cycle of the

i nput t ed Y1 $& eAnfigRrBdste KSEPERELEDLINOYNY af IRPTIt iPReCOBIAPULSE

(position command signal) from outside and a pulse from the rotor
position detection synthesized signal generation means 102 and

output a difference between the counted values as a deviationbetween
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The nunber of rotations neasuring section 412 neasures a nunber of
-rotations (rotational speed) on the basis of the neasured cycle Of'yhj 3
cycl e nmeasuring section 411. The neasured cycle and the nunber of rot ANO#@
by the cycle nmeasuring section 4Z1 are nmutually related as shown in Fig. 23
for exanple. Therefore, the nunber of rotations measuring section 412 is
provided with a table satisfying the relation as shown in Fig. 23 for

exanmpl e so to determ ne the number of rotation with reference to the
CAbl 8. CF CRETBRS PSP LEhEn o AR Eopo T oRBY Pt PSR RefladrhR

measur ed . [ of.at Lons ri LO, 2.t er of
rotations- og’gg’r’?ﬁé’gﬁ%%ﬁ%’é‘? S hageﬁ ggﬁzglﬁg%uﬁgé%é,&ﬁ%oﬁ?p%%g ais 8
bits for fxaupl & AN QYL PHA YAl LAgCnYyaf CAEhAGe [ ohd R ekéé)amrn% ggnversion
expressions (1) to (3). Its exanple 1s showmn in Fig. 24. (1) V=0 (O-R-R)
(2) V=nXRh seRiSsRdes( 3) r¥ebaROsRetthere, mis a proportionality
coefficient, his a constant, and RO, Rl are values indicating a range of
nunber of r ot atThensotet iohelrspEed detlectANN208ths h0FingasBdes BheyslmbEé in Fi g.
24 is an exanple and its nunerical value does not have a particul ar

meani ng. theeretor exosiffdant Aetentdpor svohesiaed sépnatirndusedney tHe const ant

h in the conversion expression (2) are set to any nunerical val ue and the

nunber ofFYOFaPPHHEI® FIELGFEIRTh SYnEhedbtedt Migealr SRR AEAPBINTR S 4RO i n
Fig. 24, nore.specifically from?200 rpmto 1200 rpm) , it is determ ned
that the to°utd5ﬁ:?8§o? tré%t?tflxga% 5BDe"'eruf’FyQ1l§}‘?‘;1r’“|‘0a ¢ froma lower limt to an
upper Iimt (O |1 +Fl i r ; t : out put
vol tage V can b%%géﬁ%rda#felghlg% (%ﬁ)onphdg% ?@ﬁtg gi%)#e % ?%ﬁl(??l‘gﬂ i%;eleaéﬂ%l And,
when the Qupher £Pém aleatiboisc Ridevuates foomyt Re, aly esai thiafigriohhe | ower
limt value ("0" in Fig. 24) and the upper Iimt value ("255" in Fig. 24)
can be ouiquiis as0threceputapes viod tpgd tYondheddviAtdenveutsphuan feent tlen 414 nakes
the D/ A conversion of the output voltage in the digital type fromthe
nunber ofdeviegiponceunteirt 402 wonvargnokisection 413 into an anal og vol tage
and outputs it. As described above, the frequency-to-voltage conversion

devi ce of the filesinéhiliviidte TR Golednst Pt dRER e APLbtRar@d Pt does
not have a filter .elenent_as a.conventi vice does. And, linearity of
The out piesAseEBRE e bhcEduh O Rratia b Fr P8 A ThAeToo P AREaPR AR out put
range is 0 j I 1 I . i .0 : i.des 1 C range
can be de%(aer %%ghp%cféa Gﬁgéggaégﬂgg? Su? Lll%%c?tr%gt ?gﬁ B st(%g? pﬂ?r?s_rog%%gmcan be
changed rgadidey oRY apRaMQ 1 tlihe \féqqh%tiﬁéﬁétéﬂmiﬂegfaécefdﬁﬁ%’ésrt%b%t%%pr ession
(2). The frequency-to-voltage conversion device of Fig. 22 was nade to use
t he af or essd dt€Quaeai@hdexpbes Sootisat\hR PdthaunHesieht relspbhoa saho-

vol t age conversion section 413 produces the output 62 - 7 JAN 2083

vol t age. Butobt@iipedt he rel ati on between the nunber of rotations R and the

out put vol tage V correspondi n]tg to_the nunmber of rotations Ris known in
advance as shovils fPeeg 9asn 14 auhbipbiesothe AehecsRe-153SPAFE 5Rder si on

ti 41 b | d b tati -1.0- t i
abl o i n GhiR FRENIILET” G SABRE RLArtH IR oD A Br b Ade Y ik o
n i T ot PR t
he nunber” of 015 £ BRE8 e fo Pl TUL P07 | RuBhE SR GEERE T o

to det er mhdighd ReoPUIAMPpUEOLEaEIE G REgARAer shart as conpared with the case
of the number of rotations-to-voltage conversion section 413 using the

conver si on exprassiran. sNpws1 geneeatioeniecisnent wfodutesf & eppendyntd- vol t age
conversi on device of the present invention will be described wth reference
to Fig. 2Bawing &idgty2ftio corresponding to the output value from the adder
113.
The operation mode-switching means 115 is configured to

produce an operation mode-switching signal for switching the

operation mode from the synchronized operation to the position
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The frequency-to-voltage conversion device of the second enbodi nent jhas a
-counter 415, a cycle-to-voltage conversion section 416 and a DA chvéANiﬂm3
section 417 as shown in Fig. 25. For exanple, when a detected pulse is

input froma rotation detector (not shown) of the notor, the counter 415
“détermnes a count value of a cycle of the input pulse. The

cycl e-to-vol tage conversion section 416 is configured to produce an out put

vol tage from redet ergi ned conver si an expy & sion on .t he bafai]cst of .t he
e

a
count ed VATGREOTT KESEPELRT % KECT VST 2pul B8 dET R HEG B9 THE c8hint er

415. Her gyt Byl it €14 9- ] section
416 i s, %(?re g a%lﬁggﬁgéé)%&gisgleg gf/gll)itcéég%ﬁ)S%/%cgg%?ﬁgggs%%u?tggrtage

fromthe gy¢he- §phitRlonddedc RoBNs$86 140N M 1804 St B rflis@inkali1vgd tage, the
D/ A conversion section 417 63 - 7 JAN 2003 nmakes the D/ A conversi on of

the di gi toplerdeldmge deO dapeaditd PG oV Ohé agRerla® i 6Nt fidtle Hstvi t bR g tdignaper at i on
of the frequency-to-voltage conversion device configured as descri bed above
wi || be desdiebedcHreopenbelon.nde-sexaopingy mehes the et metns fut se from a
rotation detector (not shown) of the notor is inputted into the counter
415, the MeGFHEERI A FTSEHPRIY (Ff EhgnPoRl Blsc kopnRrRd sHengddipforder to
predeterm ned frequency . at a rising edge (or falling edge) of the input

pul se ang]eé:&ﬁ’tn?‘ﬂ%e G FELEFBERY Jui™eE9counti ng operation until a rising edge
(or falling ed f . next .input. pul se. And,..upon_c | eti.ng.t he
counting oper at%?l)ce)n,gp? %glcocr)‘urﬁ"tog'ra ".’qut%u]’tnﬁuf“%altl%ell iﬁg g%n%)n oel&ogéf‘%e as a.

cycle counfiednYRy uesl¥G4. ndicating the cycle of the input pulse to the
cycl e-to-vol tage” conversion section 416 and restarts the counting

operation. \WemnehsytkiHi Adat gpéSaB i tis ERirea Bl ehe thdsi@Mehe-t 0 vol t age
conversion section 416 outputs the output voltage V on the basis of the
cycl e cowdnsdrieassiepbitat ianvihéreacwaiency df, theqeoridiing domnahe sfighkdw ng
conversion expressions (4) to (6). One exanple is shown in Fig. 26. (4)
V=255 ( ONCEND¥VEE)of/HheNcobiiNaSNGeNt Foalive=Fof tf ~NSeadserefiksti s a
proportional ity coefficient, b is a constant, and NO, N1 are val ues of the
count valRFEIREETREIES e lyat phter Ateagény Bic SyBsharriasise PPRFATIRral ue and a

lower Iimt valu shown .in Fig. 26. Now derivati, of t.he conversion
expr ession (5) P@(ék?ﬁﬁ%o%m'lHonbgeg%%%ﬁsﬁeapﬁ’é?%lioﬁbg%%\%gs GEhe?®i 1y, the input
ul se whi hSol t ipt g, t cqu 3 QR 4SS sts of
>F<) pul ses %}&r&?g#g?%ﬁ%%fa?%gnn%fe&g El%gv&u%%yl gfaggﬂﬁéf%%%t téhe rotor is
rotating sitgralr &t at 16val 2P cBubht&FlelefhBOnotaveY Ebfcd vatokhbe 1baRYt pul se

inputted into the counter 415 is expressed by the follow ng expression (7).
t =60/ (R¥Yar aesécédnd Predetermined value and the deviation is zero.

The predetermined frequency here is set to a value capable
of detecting the counter electromotive force, namely a value higher
than the frequency corresponding to a minimum rotational speed at
which the position sensorless rotation can be performed.

As shown in Fig. 5, this embodiment adds speed minor loop
compensation to a PI position control system to make the speed minor
loop control with respect to the deviation in the position sensorless
operation. In other words, the deviation counter 107 counts the
position command signal and the rotor position detection signal in

the position sensorless operation, outputs a deviation between the

commanded position and the present position, and performs the PI
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When a constant (60/x) is replaced by a proportionality coefficient kl, the
-relation between the rotational speed R and the input pulse cyclet is

i ndicated by the follow ng expression (8). t=kl/R (8) Were a couthA Z@?
pul se has a cycle tc, the cycle count value NC output fromthe counte

"is indicated by the followi ng expression (9). NC=t/tc=kl/ (tcXR) (9) Wen
a constant (kl/tc) is replaced by a proportionality coefficient k2, the

number, ofect 9t 8l LA ks dNIhEA S RYLNA S ehl WY EXBLERLIN {(Phny RK2/NC

(10) As indicated by the expression ut put voltage t he
nunber of h0f At oM iIRnAkEaR¥t L] | Y related as indicated by V=m XR+h. By
substituting the expression (10) into the expression V=m X R+h, the

rel ation betweehubheoE eldengtHY spabdlniNerofoddieompeniatidns eoatik e out put
voltage V is indicated by the follow ng expression (11). V=nX (k2/ NC)+h
(11) Whemposheicnnsiramod Epsderk Do amadtehcanteralgpliaped ta tthekmatdr bis t he
expression is indicated as V=k/ NC+tb, where k=60m (x X tc). As descri bed
above, upeRtEohptetiongheher cotatioy rifasenert cihe moper tife agnped wiflhsa by t he
counter 415 to obtain the count val ue NC 66 -7 JAN 20Q3 . of the cycle,
the freq®®RE-2b-Wf PLFetéoRn eI Emag aignzl Srmely. Ehss RESAELPPSL det er ni nes
the output voltage V. w thout determning the rotational spee t he

[ r equency oS aTbr T ager NI FET S BUFEETa Brgtorobar e om EREFpeE o

pr ocessi i o] ' 0 " i;Ng means
descri be ietr?Hc %4%%4%@%&%%%?5‘% g?&g@%g%g& éﬁ%\%%gilﬁIEﬁg&%hgnd t he
vol t age gapr@rati on nmeans corresponds to the cycl e-voltage conversion
section 416 and the D/ A conversion section 417 of the sane figure. And, the
conver si on t ablbetdessréobathd ByathtsniXedcopeespuidantiothe tpddieiddl of Fig.
31 to be described afterward. Now, the notor control device using the

af or esai ¢ensegless \ererardobnage tWasy embedimaday wddl vipe |daserdbsdrvitdd wit h
reference to Fig. 27. Fig. 27 is_a block diagram show ng an exanple of the
not or coStEFeReYitCeFi% & siftiFat 7 dF IMERPLARRFITBEAERAM bl ot irafd ng

conversi on device corresponding to.the one shown in Fig.,25 js appl,jed for
the posi HoRPSHSSR RES SIS CHe AR EaF GG OLF a6RL 1 51T tbR 420 fhase

hybrid t %e.sgﬁ&i?& e Eggd.gj&eszghgé %t%%gf%%gxdif%gli:%ﬁ]ﬂz Jadedn

exanpl e of signal”wavetormin each séction o not or contr ol

device copshetsaPlisgrehabgeripBesr Ofantl E441 403 1@SH SEAM 15 Re H i Abesbut NSt
of such circuits may be realized by neans of mcroconputers. As shown in

Fig. 27, ittsi sapgéorvLiat.rol device is provided with a 120-degree
energi zation voltage type inverter 422 for driving a three-phase hybrid
type steppi ng ribisr mptér emrpiradedéiBide 4R1itchesiapomatideliactirom thecuit 423
is configured to detect an 66 ) ) )
synchronized operation to the position sensorless operation and vice
versa.
When the motor is activated, the operation mode-switching
means 115 sets the operationmode to the synchronized operation {step
S1), and the signal of the synchronized operation output is level
“L” for example. Thus, the changeover contacts of the operation
changeover switches 116, 117 are shifted to the synchronized
operation side (step S2). Accordingly, the PWM signal for the
synchronized operation is selected during the synchronized

operation, and commutation is performed in synchronization with the

position command pulse (steps S3 and S4).
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-1 JAN 2003 intersection of the 1/2 voltage point with three termi nal

vol tage waveforns of the notor 421 shown in Fig. 28(A) so to oqtr)u‘fm%m
m dpoi nt detection signals as shown in Fig. 28 (B) . Arotor poslt
detection pul se generation circuit 424 is configured, on the basis of the
" m dpoi nt detection signal output fromthe mdpoint detection circuit 423,
to extract only the m dpoint of the no exiting phase counter el ectronotive

force for thre S 1.0, ; ; | 4.0
detection pul s2“?%%3%@%@&&5%%%4%@? ?: gg& g?ges{/l r%&e%)’gczéterdlscgl angl e
of 60 . Sijpee ;%f@dét%&ﬁi&n@&’%él‘tﬂ”_(%&ﬁ?éé)Q_” nBRkSE ProducedePby the rotor
position detection pulse generation circuit 424 is obtained in a | eading
phase Wi tel eb€sHRt 1 vieOf SxHERUIS i d R At I NG st at PHase1 s hiehth Gl ddtdclaf28 1S
designed to delay the phase of the pulse by a | eading phase only. A

commut at ilewedi gmainap@retad ippsicingusdnsbtfess opfdtjuwnedthe aperptiion

comut ation signal corresponding to the next commutati on node on the basis
of a rot edgosviterindemeans diiSpgkte g leperphise aleayedthy posdtphase shift

circuit 425. Thus, the basic structure of the position sensorless close
| oop dri FENFETLESHOPEFRBE d550R. STAnd Fhe P eHRSLe PR 4P {Chi nEes dAlehS by

driving the inyerter 422 based on the comutation signal obtained as

descr | bed BRE0H I 167RL ey Yendetel ol aninRautt SRPBRever sRulafes
structur : : a h t t ed.Ls varied
when a Ig)a{igm&% he rr%tgércﬁgqge%ﬁ%h%\gggﬁet%ﬁg?ép)glr—;e%tri%ngggg%?dsﬁg ?ré%redy t he
dr awback pdsh th §n NRGRSTARYs { Spd M- chNEi §PERE 08D | Odo tANGhikDELAftPReSaI d
frequency-to-vol tage conversion device is used to feedback the speed

i nf or mat ipgaRitABA, sdri¥ora¥aspbparatien.t he notor 421 is used to drive a
printer 67 - | JAN 2003 carriage or to drive a paper-feeding nmechani sm
it is necessaryurdngotie glostihéoposirtsoaiessn gukhiatiion,t ast hrelispted. by
Accordingly, in the notor control device shown in Fig. 27, position and
speed corffRERESY Ehelposheiconmptating tiwingdrsneraitdonmeper 188 prodsgessand t he
speed is instructed . in.a pulse ragte) are given fromthe outsjide, and a

servo corftFBPEaF o+ 1R RV Sk &S EhERS NS SRECT FIBW PR EOFHERE, i s
dded t i i Ej . troll
adage Oa %%s?‘{&f gg@égtétt%gcéo%% §§ﬁ§£i%‘w LRS! &oﬁmuggtlc;l;hftsioge&‘é%rﬁgg ro'ler

427 has evi at1on counter 4 cénversion circul , an anplifier
circuit 430.syBchf SHUSRIYNT 1 MO dHRIBAAMIVEAIPOR Ny € 431, an anplifier
circuit 432, "an adder 433, and a PWM signal generation circuit 434 as shown
in Fig. 27. Thandewratédidcednhetathidh cediésca iR0Sbht Ohuedinsipeethe onmand
pul se (drive profile) and a rotor position detection pulse fromthe rotor
posi ti on meti¢ddbhmensuikiesgeperationisiposyibld24ndntheosberd sinoxiévpat i on

W th respect to the instructed position. The D/A conversion circuit 429 is
confi gur BPMPSPBRE IR | 1sappded nekithg PRePT¥ A ieonFerEFOh, sYskemote gitkedevi at i on

f the deyi ati t 428 . Th lifi [ it 430 i fi dt
anpl |y (TG pUT® JOAEaGESFFERR PRELEFN GBRTEPSi B GRFER) LR 8 But put t o
Lhe adder, 4339 Rcg, WS Lee0RGhCBRLLOl oY MRERS olulte of o esai o

devi ation counter 423 is"a sinple oportional contral, t'he control system
osci | | ates wheRgRnddiend D CEEAIRT 2k Bd Ahd &hel 13 AURBARG © £NPRRIIIYbhY -
Therefore, the servo controller 427 is configured to enhance the dunping
property dymmadidigignal Heeefles aedbatkhatenééMndysdRiBerpnfk8 vialge Qktbpe
frequency-to-vol tage conversion device 431 and the like. The

f r equencysi2)-vohe ageraaiver sodetr st vichénd Jdeager 128 posrdSinne that a

frequency-to-vol tage conversi on device shown in Fig. 22 or
deviation is “zero” (step S13) and sets the operation mode to the

synchronized operation (step S14). The changeover contacts of the
operation changeover switches 116, 117 are switched again to the
synchronized operation side (step S2), the synchronized operation

is continued to the final position command pulse (step S5), and the
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68 -1 JAN 2003 Fig. 25 and is configured to output a voltage
-corresponding to the rotational speed on the basis of the rotor position
detection pul se produced by the rotor position detection pulse generation
circuit 424. The anplifier circuit 432 is configured to anplify tﬁbJAthmP
voltage fromthe frequency-to-voltage conversion device 431 to output i o]
the adder 433. The adder 433 is configured to determne a difference

bet ween th@ ouf put vol qggig%h%he anplifier circuit 430 and the out put

vol tage BPTPhe"amiPPPParecitEuiFera3% RS §dPPut the obtained difference of

voltage to the ' - n [ Lt Cui The, PMWM sLgn generation
circuit 434 i STE%\géf?égeg{]glgntgg %%Jﬁ)lf?ggﬂl%%/wléul d‘%%%elsn@lge as}lﬁwf IF_;‘gt ?%e accordi ng
to the ouigHtspdd Age thbamndngn3ddes AR3piheeHBYE-e,gnah dtheeQ¥gaed with
the commutati on signal fromthe conmutation signal generation circuit 426
by a contitmaxjagief€dct tA356 droppodo£] gadh ikpeipulisput Basiadi obethaes®r oduced
drive pulse, a drive signal generation circuit 436 controls the inverter
422. Nowa féedigpdr anoart off ehelssect mbnoofldopeistingllcent z dlovdepeed
configured as described above will be described with reference to Fig. 27
and Fi g. re8atyynh bsethetinidpersional leainoKer igfmadee spal broef2useakhe ount er
el ectrom%ti%ie force is,$r,oduced in the stator coils, and_ the m)t?c])r 421 has
term nal T98PYAYEMAVET b MR CHRWHoTN2 PHIRT TP SBER 2+ lus, AHRFE 8V t he

t erm nal I [ ' 8 t ] int ecti circuit
423 pr odﬁggérgn}%ggg?ﬁ?%ggg%t@o%rgPS%"Q%A%?I‘ eogﬁﬁgggg?’lgo%em %\%ﬂféiﬁﬁﬂi cating
a rotor Spti t NRY1ng2 oWR ; | | B L@t-or

posi ti onﬂge%éc%oiﬂ;agu?ggz genelrn;ét %%%%é@u%lﬁg4ﬁ%%s 2:i%(al )sgigl\-l&g(?gg extracts
the respeetiveatd:si WlidddsdAldinggréspbdea ekt agen ad {RWkheeaponent not

consi dered) edges fromthe m dpoint detection signals for three phases from
the m dpoi nt deestdéepnstnee tthlis £mBotdmemtrgines aheredaterpioddidasthal ot or
position detection pulse (COWLS) which has a | evel inverted at every

el ectri caklunagte tdfe dotegraticonnmeansi j0,28he) adderr i3t ertprbt athown)
configuring the frequency-to-voltage conversion device 431 starts to count
from " zer8vearatiRd Andth StereofVeRell & GeVPpBEITR diF FEERCYRUh B8l se from
the rotor_position detectipon pul se geperation circuit 424, outputs a

vol tage GEPAA-tOT rEspBRAI Ty Lo Ih B RBaRt VAT e ATt KB TR oBeSor the
next pul secanghd §n' $SAlag@SaSHRiMY t8 fldmoek Ds shﬁ?fék%JJ,egH@%%'éP' vol tage
conversion device 431, the counter repeats the aforesaid operation, and an
out put VelyhaBfosi¥MEahNb&i Ge BB, i S out put according to the counter

val ue. Details of the operation of the frequencyto-voltage conversion

devi ce 431 w | Thbeitespaithed imitdetairhlad tiey wat dto Eheradué pid thaktage of the
frequency-to-vol tage conversion device 431 is anplified by the anplifier
circuit 4pimud tensient Feshenaeldan U8 Pbipbandifapending atedi kaddoandount er
428 counts ago,siti on and speed command pul se and a rotqr  position

det ect i ot PAFREPRIFRES - by e %FsFtbﬁ%itPPth&ar@E%%ﬁnﬁa8+%3evaé%rati on

circuit 424,_and outputs .a devi ation w t.h respect .to the,co ded, position.
Chi < out 5t A0 prRt Bl e Ben e Bk RRRG 08, LA peOTIRCEC &

Lo 1 he- ader a5 R Sader 4557 At purRoat I e PAReS o1 P {58 het woen 1 he
out put vehirage dyrRrbhsman beefr&idntetl 430,286 iltRgeutpoh MRkt age

mainly in charge of acceleration after shifting, so that

accumulation of the deviation is decreased. Therefore, the

operation can always be made with the deviation in the vicinity of

zero, and settling time can be made short.

As described above, according to the motor control method and

its apparatus of this embodiment, the phase synchronization control
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?0 - 7 JAN 2003 fromthe anplifier circuit 432 to the PWM si gnal
-generation circuit 434. The PWM signal generation circuit 434 corrp_a?e &r@
out put voltage fromthe adder 433 with a triangular waveform and ou pfA 03
PWM si gnal (PWM pul se) as shown in Fig. 28(F). The edge of the rotor
“position detection pul se produced by the rotor position detection pulse
generation circuit 424 is obtained in a | eading phase with respect to the

comut at {98y {1dU;RG onSge 1At ohNEC AN A3 8RS féhechagy&orb%;&g%f}%sca&,hﬁephase of

the rotor position detection pulse as s conmut ati on
si gnal geageaid @e PdGHibniddh2AdYS &SHad i 8H] RiHeSmEc SORBHIRY lieRvehgnal
(commut ation pul se) corresponding to the next commutation npde with the
edge ti mwighofou h®iset and pusi tdodBullet £6H | N ppuk B 6s1i lleh mia i 6t Peisey del ayed as
shown in Fig. 28(1). The PWM signal fromthe PWM signal generation circuit
434 is swppeipbwEichgomcturacye andgtvatarorhes s gnetirdnigedope rebiwmiiatshaftsd gnal
generatlon circuit 426 by the conbining circuit 435, and drive pul ses as
shown i ntRi ghe m&ﬁapesw%{eswemw%%ﬁm@ﬁ%@l@@ﬂeﬁbw%wul%%d on

t hese drlvgz&%ll ses, the drive si gnal generatl on circuit 436 controls the

i nver t er 2452t GYPEREIR ThE2RdioPT AT MWANE RETEHAPALTIIF 67 (femade
frequency;to:vol tage conversion device 431 will be described in detail with
ref erence to the flowharts of Fig. 29 and Fig. 30. The rotor position

detection pul sgopr %%‘F;@rbéénﬁcﬂﬁm%%oéf R iﬂxfé'?xt%heﬂlloﬂe FHQs% iggegeration

[
circuit 424 includes the rotati onal spee% I nformation about e notor 421,
and since the kregyelio ss brm%rcﬁceﬂa@traﬁwﬁ{om%%{ék&@lea@ﬁltﬁe@trﬁgtaﬁe

descri bed above, the rotational speed of the notor 421 can be neasured by
measur i ngfitre wvytcdrecontirol devichANF 2RO Ppreébenefiarent idrewhicqieappliedvol t age
conversion device 431 neasures the cycle of the rotor position detection
pul se (CohPRSthree-iphasehbylid &yneasternizgt mptox @sdgboed By Fdgunizng t he
nunber of clock pulses with a predeterm ned frequency by an unill ustrated
counter over a B%r’F‘bitProFWFBﬂJr tdr?é’lFFs?ﬁgtrE&gém’(’%ﬁ‘”‘feé‘ltl PAY RFGERTEP L he

rot or ostnde ton eto enet si,ng. edge r fal]ling edge
(see FPgé)loslig %ﬁ)l ln?h?e &Sﬂ?n?%Eg %px : olﬁe‘g’f &‘ u?ﬁeeefcl : sgconguZ:t ed

accor di n%eftgc{:ﬂ‘?g s%EQio:P%zt | gf a‘é%tegcﬁzid)“ P x?&o(l@@-l@n 6y§! %]n?ioéx'ﬁ't

routine as shown in Fig. 30 |ndepen ent 'of the frequency-to-Vvol t age

conver si ARvREOELS8LBTok RLY LOBNSHS HANFLY. 09@%&%&) c§1h£&’l%1ﬂela 4 gxc?le
Specifically, the counting operation of the cycle of e rotor position

det ect i omtputsenryeteldes ot e6ilss 2perdcop e d by thakeAshdse hiteriod egke pul se
with a predeterm ned frequency ( step S21 ) , detecting the rising (or
falling) séggpind mort@rc%&kirpwl peefstepnBRA eXesyinmmatiksd wiktceunting each
vari able (count value) N of the counter (step S23) as shown in Fig. 30.

Meanwhi | é’refiﬁ‘ée?’?lé\tfﬁeﬁevm‘t‘%a‘ihﬂ“t &g@lﬁ%rﬂfepﬁsﬁﬁl’b‘? AEErHgE s perfornmed by
taking in the LQt.ol o[ﬁg |tdr% c%l on, %Jloshe cgs(i%\l/PP Qet(ecli:egg &t and by

interrupting with rising He TOLor p05|

det ect i 0n,RULSE.AS SBEUP. LY I Qerr%?na.@%q}tfanQl §a/ eorenot he | $hpg, edge of

the rotor position detection pulse 1s detec tep S2 : Yes ) , the edge

detecti orcafstd2e Repb7 RBBH el M JrS2 Pd QQ'IQJttaQ@dl '&oﬁbgﬁés tRed¢@engul tiple
interruption (step S3), thereby tenporarily stopping the counting operation

by the couidtegesfvd e Tychitiofa phededéminees vbl bagaaiveht asnapul se (step
S4). At this time, the count value counted by the rotor position 72
stator-coils~connecting-point voltage of the motor or a voltage in
1/2 of output DC voltage Ed of a rectifier 230, generates rotor
position signals S1 to 83 indicating the rotation positions of the
rotor, and outputs the generated rotor position signals S1 to S3

to the timing decision and speed detecting section 222. Therefore,

the rotation position detecting section 221 comprises three unshown
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-1 JAN 2003 detection pulse cycle count routine of Fig. 30 is stored in the
-counter, then, the final count value NC of the counter is stored in a
register, the counter value is reset to "zero" (step S5), and thkel CIAN2003
operation by the counter of the cycle of the rotor position detection pulse
"is restarted (step S6). Then, on the basis of the count value NC, steps S7
to S11 perform conversion processing to produce the output voltage V. This
pr ocessi ngmsati sfies th é:o]rr:.\&eersi on expressions ( 4 ) to ( 6 ) described

t

rator d . .
above, and dne exanpie ofc the rel ation between the count val ue NC and the

out put vol tage 14Si L sFlLg g it Sad d, i 7whet her
t he count val ug}{?\lgiing%%%?n%ﬁ&ﬁea?%%agggfé%SeN%%RIBSévc\;h{g%%i%é?g%{tﬁp% at range
(step S7gives)sidihg M4 1YLt &R sVwhRER ARS o8P posdhdohfsiplal6SsEp S7:
No), the processing advances to step S9. In step §9, t is judged whet her

t he countovsd seppGed fromithe raigd onf pddIeNcsNis teattd nyhsyrtibni 21( atep S9:
Yes ) , the output voltage V is given as V=k/NCtb (step S10). On the other
hand, whehangeds neadygedsia tsimepb&Bwedratthiehde tacired vahartN® i shaogesi t hin
the aforesaid range (step S9: No), nanely the count value NC is N1 ANC, the
out put vEIt BBRNY BedoRdntelpr PUtpstapeBrDizaphen Hdeavpat tiindage V is

out put as ,descri lieqeoab ve, to detect the edge of the next rotor position
det ect | off {BUFCE S i Uat dOETGACERY ERETPLART G WUGEFS SMBURF FFep S12).

Be.SI des, sttggoi)%o%lits y.?&'» tt%ggz%/gnstﬁg%%)esgtseg¥ j[tq'xet {Hgaﬂx‘%dcggx\t{ r%dogsgy an
uni | lustrated converter (step to Tinally convert | nto an anal og
amount t @ndeheldif 28mbNeo BERMIAL 4 NS heaHENGpdeer ¥l LRI HRRYEr Si on
device 431 (step S14). 7?3 -1 JAN 208 Now, replacenent of the respective
cal cul at DeRaPIHCESIBe EigSd ERFocéshOnphli 11Nbkheed draeanaytéHrasdl.t age
conversi on processing shown in Fig. 29 by the table processing wll be
descri be@heréforef ehentiming egis3dn Asd sipewd detddatgng26ecwh@r e22he count
value NC and its correspondi ng output voltage V are known, the rel ation
bet ween rchartdtrs avalusaNSwmf icoynters espGaneEngy- out put voltage Vis
previously described (stored) in an NC-V corresponding table 441 shown in
Fig. 31. And, WHEMYIRF 2AQqREALYSED-A SPEEYCXTHer ST TP PFEESsPRA i s

conductedq, .t out put voltage.V is deternmi.ned fromthe cqunt value NC with
refer enc%ofcgpi%%alit eftg’legd4%.ﬁ°"|g§°h§t gﬁméﬁgi.é lﬁsl?ntial?r@{pstpgegeﬁgg?ﬁztnlengt he out put

vol tage \eealoh®ieduged 45 &P MRy ‘é!ztolﬂx the JyeduensYa tQipbadke

conversion processing shown in Fig. 29. In the frequency-to-voltage

conver si @roBh86&SseRd ebAYFo1 silgngl 84, trd epatSSll dext$36 exsepting step S37
correspond to steps S1 to S6 of Fig. 29 and steps S38 to S40 correspond to

Steps S12 to STheofortirgpl 28ctildrereBoserputasenepdicitdoal ssyedl ssPepso ar e

omtted. As described above, the notor control device of this enbodi nent
does not Bfafer iqontgal pimg QAV/QFEdOL ItrapghstenQd ¢ Rbapeift Yhe fnvesteut put
range with rgsgect to the rotational speed. An since_th

d
f r equencyeCHL0BI424gECE oTRFrEgn TR itaE O s et SaR 2R atR 257\/\P§etklfyﬁﬁﬁ1i% range,

responsi i v, 0f, Lg 3:phase. hybi d Lyne SLepDl BgoMpLPL Caibe jeprgved. The
rotor position signal gener an on neans descriped I n C|a m COI’I’GSpOﬂdS to

the m dp%ix@t.i.tgﬁ% Gothol @.bCYI dustpfa0l eEchtia?). t BRq EXfiet LA g1BARSon

corresponds to the comutation signal generation circuit 426 and the

inverter 4dagebvd e indn® (dakhiRatide taRAG) NG détermined on the basis
of the energization changeover timing signals S1’ to S3’ output from
the timing decision and speed detecting section 222. BAnd, the
energization signals Pl to P6 are supplied from the control section
223 to respective bases of the transistors Q1 to Q6 of the inverter

section 224.

The inverter section 224 comprises a three-phase bridge
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- 7 JAN 208 neans and the voltage generation neans correspond tq-fmﬁy 2003
- frequency-to-vol tage conversion device 431 of the sane figure, andt
control neans corresponds to the servo controller 427 of the same figure.

| NDUSTRI AL APPLI CABI LI TY The present invention relates to a nmethod and a

“ devi ce which can make accurate positioning control of a notor when it is
controlled by particularly using a counter el ectronotive force produced in
stator coils,,and npre particularly, it is preferably used for a hybrid

ot eppi ng SHBERHE SRRALELRG(Yr PD SIS PACTTARSSERPER e re) O (ARRBRY i ed | s
sui tabl e vari y.pe f Lve.mechani sns _and.a r-feedin
nechanisﬁigg?r5°b??%€§ﬁg}%ﬁﬁ?F?ﬁa“8886F%Féxﬁ%ffﬁ?gﬁfﬁ§&%$§te?Wl?agiN 2003

CLAIME: L fndeiNodel 0fr GO T O ld 0 s2oPOSHE QN0 FEASAY 888 SO MBECh 1S

provi ded with a synchrbni zed operation and a position sensorless operation

and has epahettaNiRdeasvel RbAgdTEanEe iatestdt §BEODL DL MR8 UPBERed _
operations, conprising the steps of: exciting stator coils of the notor in

synchr onwzahi @roavviold tagepSitiichn is osheichesli gpatectiifyiing aheaswethagai zed
operation to rotate the rotor; detecting a rotation position of the rotor
based onfrourareACatmasr sowtdes @29 dryc ke preoddf e 230t heArst, ak amoothlisgdur i ng
the position sensorless operation, excitin% the stator coils in

synchr oni“2REFBPMIANR £RE Headdied Fhop AUteHEpbset iths srCEhEleHESP 19 rotate

the rotor, determ.nin devi atj on between a target .positjon an he
present 68?%?‘6‘?1‘5“?1“'()3‘?52](%%:311&? o?%ﬁu%ntﬁ%’i'}aiaénggntapet Eéc%%‘%]leecrt 2851‘ otation
e X b . ; | ) i
onsor | asa_ ol oSel b ko BB G cBOPTBNG, Bt MY mo Bl cPRELOD B4BES i ng a
predet er gienggh PeaBob ndrdie cgﬁflﬁﬂegnag_tdetslagig&ﬁr%bgtfeSv;iairlt bB%wddreiBegi tion

sensor| ess operation and then decreasing the bias.
with reference to Fig. 10 and Fig. 11.

Until the motor 228 reaches a predetermined number of
rotations from its stopped state, a counter electromotive force
capable of specifying the rotor position cannot be obtained in the
stator coils 225 to 227. Accordingly, when the motor is started,
the control section 223 controls to output the energization signals
Pl to P6 to excite the respective stator coils 225 to 227 in a
predetermined order. The transistors Q1 to 06 of the inverter
section 224 are electrically conducted according to the energization
signals Pl to P6, and the stator coils 225 to 227 are excited
sequentially. Thus, the rotor makes synchronized rotations in a
so-called open loop in accordance with the exciting.

Thus, when the motor is started, the exciting time of the
exciting pattern is sufficient to apply power to the respective
stator coils 225 to 227 so to activate the motor and gradually
shortens the exciting time to increase the rotational speed of the
rotor. When the rotational speed of the rotor reaches a sufficient

level, the counter electromotive forces capable of specifying the
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2. The nethod for controlling a position sensorless notor according to
claim1l, wherein switching fromthe synchronized operation to the zoﬂﬁiﬁm
sensorl ess operation is conducted under a condition that the counter

el ectronotive forces produced in the stator coils have reached a
predeterm ned |l evel) and switching fromthe position sensorless operation
to the synchroni zed operation is conducted under a condition that the

devi ation has, becone zero. 3. A device for controllin osifjo

Sensor | o8 RELT PRALERST S i, PREST Viter LRt bt oot st ¢4 228d a
posi t i on 39501 | £35 (ARRE ALY A3 05, qperal LoD Jpdersy tehi ng means f or
swi t chi ng bét ween suc opera‘fl ongje conpri si ng: stator coil drive neans

whi ch excites stabil e£fidi® Of thD& AREAL) W318%PEIRANIZBL] QR WdiBaT6 - 7
JAN 2003 position command signal when the synchroni zed operation iIs

sel ect ed vy thge vepef ahedtadeaecsd behiiRgsHdansnand,. whe t henpeshtion
sensorl ess operation is selected, detects the rotation position of the

rot or basedmidnal owrittegesl Vot "Mamateveotf chogs pnddiiciferientt i gtaatobycoi | s)
and excites the stator coils in synchronization with the detected rotation
posi tionlel t ae ewmprereddeitattinen teantnahtvoditageas i dlavaethe Mames a

devi ati on between a tartgrge:] position and the present position fromthe

posi ti on YGSRRERA- sPgfal tihaVRECHRIICRE FEFEIRVN Y9dSRERoYR dT2St Re 1ot or
when t he ition sensorless .operatiqn.is selected by the eration

Tode- swi CORERESEARD, LA RER R TALR Nt T90 S R IUeaD A "PRE st at or
coil driy an cording to the,devi atii.on determ ned_by the deyiation
cal cul at 1ont Hinds O BRCP R plateh gn Suf B et B BESral 6rn e85 PRERE By (e
oper ati o s"BHewsWM I Ghigng1Aeans; and bias control neans which adds a
predeterm ned bias to the deviation determ ned by the deviation cal cul ation
means i mredi at @hy sddécttibe sehdekhilovoldfadgelevpasl Ve airesenmpatassioper at i on
by the operation node-swi tching means and decreases the bias with a | apse
of tinme. for Fhampleyiacethbercorilsobbnmrrtangoppinbrvaldager Esthearmpber
according to claim3, wherein the operation npde-sw tching neans has

fr equenc&zﬁeﬁ%ﬁlﬁ‘%ﬂgh’ﬁé&ﬁ‘ée? OGRS sEATMRTY 2% °OF F ety ditey *8Fathel ReSitiR commuand

signal) gy Lebes, (.o, Lhe, s nghiont 266, 0Peralh Ol Lo NG 828 P lne

the terminal voltages Va to Vc exceed the stator-coils-
connecting-point voltage is obtained from the respective
comparators. But, since a spike voltage (a) transiently produced
at the commutation is included in the respective terminal voltages
Va to Vc as shown in Fig. 11(A), the output of the respective
comparators cannot be used as it is as the rotor position signal
indicating the rotation position of the rotor. Therefore, the
rotation position detecting section 221 eliminates an influence due
to the spike voltage (a) among the outputs from the comparators by
an appropriate means such as a mask. Accordingly, the rotation
position detecting section 221 outputs the rotor position signals
S1 to 83 indicating the rotation positions of the rotor as shown
in Figs. 11(B), (C), (D).

Here, the respective rising and falling edges of the rotor
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sensorl ess operation when a frequency of the position command QPEQ?N 2003
-exceeds a predeterm ned val ue, and swi tches the position sensorl

operation to the synchroni zed operation when the devi ati on becones zero. 5.
A nethod for controlling a position sensorless notor which is provided with
"a synchroni zed operation and a position sensorless operation and has
operation node-swi tching neans for sw tching between such operations)

conprisin stpleoégz‘??%apg s19xG4 Log statar, coil fsnor(éranéshvevh%ttgg_tie%mjﬂﬂﬂzoqg .

synchronfZatron: wi a position comrand s1 gnal daring

the SynC%Qegégng%r@é b®tHeOcd MR B hPREEoHRLEEL 1238 @ 5Oy @hhRGe POSI LiON

of the rotor based on counter electronotive forces produced 1 n thé stator
coi | s durirbl g8 tROsitld AEySEREOE T @2YalPOE Al 96V xRl (44 Fige 194ajpr coils
in synchronization with a rotor rotation position signal indicating the

det ect ed rot at Tba tfpiosinki decifidnhand cipekdt detteaitdhg $dretifomt 22 dedeketsi ning a
devi ati on between a target position and the present position froma target
r ot at i on sgaventionllanthe heomgettscvieeh rtheardiorr posiitiom ssfgnahe $lotter SAccor di ng
to the position conmmand signal, adding an integral value of the determ ned
devi at i oFUPBLiPR fFEW B GiRfaéermasdithgn L9tGCEing oteiioRal2% 588898n t he

basi s of th tati it ignal , maki ition, |
close. | 0B FESGiF e BHS A o0a A0 e 08 SR DS GBLPAELFAG-The 1 ot o
val e of CABGEVT i PR A UL A B GHOTr i iet Sen b A1 Gahe For the

i ntegral Vaf‘rpﬁeweérp&éjﬁg{:@éﬁwem (EQ@ Fig. 11(E)), and outputs, based

on the determined time, energization changeover timing signals S1’
to 83’ for deciding the energization changeover timing (commutation
timing) of the stator coils 225 to 227. Details of the signal
processing by the timing decision and speed detecting section 222
will be described below.

When the falling edge of the rotor position signal S1 is
detected at time tl1, an unillustrated first counter capable of
counting up and down starts to count from time tl. The counting
operation by the first counter is conducted over period Tl from time
tl to time t2 when the rising edge of the rotor position signal S3
is detected and terminates at time t2. The period Tl corresponds
to 60° in electrical angle.

Then, an unillustrated second counter capable of making up
and down counting starts to count from the time t2, the counting
operation by the second counter is conducted over period T2 from
the time t2 to time t3 when the falling edge of the rotor position
signal S2 is detected and terminates the counting operation at the

time t3. The period T2 corresponds to 60° inelectrical angle. Here,

the period Tl and the period T2 have a different length, because
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synchroni zed operation is switched to the position sensorless oper.,aﬁ'b‘ﬁnzdﬂs
-t*he operation node switching neans. 6. The nethod for controlling'a
position sensorless notor according to claim5, wherein: the operation
mode- swi t chi ng means has frequency neasuring neans for neasuring a
"frequency of the position command signal; and the operation node-sw tching
nmeans changes the operation node to the position sensorless operation when

a freque of the posi,tion conmand, sign r counter ectronotive force
| evel qexcr{%dgoil'f%‘?egtanSr ’é?i%el‘telr"frﬁ 88819‘3?@2% ﬁ?e&@’é\’% ﬁ@f{:ﬁ%essyﬁcﬁ?oni zed
operati OR,c g?gd&if@dqgﬁst%%t%%g #9{‘155‘3%0{5&% QRS AN L TNE (s
synchroni zed operation en the frequency of the position conmand signal or

the countgirrelestd oPte¥e-tOLf & d QUeE DECPMBSVLOVEr than a second
predet erm ned val ue and the deviation is zero. 78 - 7 JAN 208 7. A

devi ce for contitoliki e fera®let tRit SAHRTQhLESSoMBHahgdbiréh dismipgovi ded with a
synchroni zed operation and a position sensorless operation and has
oper at i on(avpetawidre iimgnge arfs therstsaticrc ho hs 2ebweere udh dpmratineds,
conprising: stator coil drive nmeans which excites stator coils of the notor
i n synchrtonbe atmawenti of shifbsng o3 € oimericcsirjoal anpda wilte fieriencai zed
operation is selected by the operation node switching neans and, when the
posi ti on tekb8r FERes dder 521 ofd 1 swhen dhecdpspetiicies egdhes rof dthconopesi ti on of
t he rotor baged on. coynt # el ectronotive forces (#)r uced jn the stator
ol I'5 1 0 PEXCLEE™ (AL Bt o s *FR SSHRAHFGNFIatT o WFERBLY GEBEEP Bt ati on
posi tion §je0palot Nigcating the detected rotation position of the rotor;
Therefore, at the time t3, the first counter starts to
down-count the counted value counted during the period T1 and outputs
to the control section 223 the energization changeover timing signal
at time t4 when the counted value becomes 1/2 (corresponding to 30°
in electrical angle). Shaded sections in Fig. 11(F) indicate a
delayed amount (delay time) corresponding to 30° in electrical
angle.
From the time t3, a third counter (not shown) capable of making
up and down counting starts the counting operation. The counting
operation by the third counter is conducted over period T3 from the
time t3 to time t5 when the rising edge of the rotor position signal
S1 is detected and terminated at time t5.
At the time t5, the second counter starts to down-count the
counted value obtained by counting over the period T2 and outputs
an energization changeover timing signal at time té when the counted
value becomes 1/2 (corresponding to 30° in electrical angle). And,
a fourth counter (not shown) capable of making up and down counting

starts to make the counting operation from the time t5, the counting

operation by the fourth counter is conducted over period T4 from
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devi ation cal cul ati on neans which determ nes a devi ation between a 3@rget
-position and the present position froma target rotation position a cd Niﬂm3
to the position command signal and the detected rotation position of the
rotor when the position sensorless operation is selected by the operation
“node-sw tching nmeans; integration neans for determ ning an integral value

of the deviation determ ned by the deviation cal cul ati on neans; rotati onal

speed det gect.i.on ns  for termnin rotar, rotational, speed.pn the basis
of the r%g%ﬁnfgtggﬁﬁhtb8§f€f8 egfgﬁ%??f%8%¥Fgﬁeﬁ%gﬁsemﬁ?% ESAtrors the
drive of _t tat i j . he.basi s..0f val ue obt ai ned by
addi ng aﬁagﬁ%%égéﬁgvggtégg%i%ﬁgngggﬁﬁ |§% ?B ?ﬁ%ngﬁiggfon and subtracting

the rotor rotagipnalrisneediis Omd he ragdes,maliugeofoihe RYLakhomand t he

integral value of the"deviation; and initial value setting neans Tor
setting apprf&lieirebiepethd HMdriakd v8) UthaAshiha thdre@rabutphte tfe t he

devi ation by the integration neans when the synchroni zed operation is
changed evetdrizgidont chrngaveor t Bsnppégnil et bimeddnby clowrireogpeimg i on
node-swi t chi ng neans. 79 - 7 JAN 2Q03 8. The device for controlling a
posi t i on°§efRdrevwsedpratueccdrdi rihitle Ehai secpndnFerBEer tIINGFePERY on
node- swi t chi hg neans has fre uencg nmeasuri ng. nmeans for neasuring a

f requencffhﬁfp%fé’dpggi'tpa‘?l g E'i‘b‘?ﬁﬁuteﬁ‘éﬁg‘é%e RETIy AR Bhi zed

operation,to therpgsition.seq;gélesstégqgation whe .the:g
cou

P charﬁ%eaovc? 1 ir}g 3FIna ﬁ e c’_\fdown-coun Tlnlg (o) Fﬁg%f%ﬂg{{egf the
posi ti on“connend srghal® dr7H t8F "el"ett rofot i ve Torce Fevel exceeds a

first predeher mined yaldiehrand: Aangang! hecposkd AR S6080Idt33 AR alion to

the synchroni zed operation _ guency of the position co nd
si gnal OkebBEort QDL Bho@hELS RMBhL Vi 21168 LENEIeRREOEBRIAPWRGnEIAIm a second

predeterm ned val ue and the deviation is
a predetermined period, it uses not the value counted by the counter
in the period immediately before the predetermined period but the
value counted by the counter in the two periods before.

Thus, the energization changeover timing signals S1’ to S3’
produced and output by the timing decision and speed detecting
section 222 are supplied to the control section 223. The control
section 223 outputs the energization signals Pl to P6 for making
the ON/OFF control of the transistors Q1 to Q6 to excite the
respective stator coils 225 to 227 according to the speed control
signal from the adder 240 to be described afterward and a
predetermined exciting method (e.g., two-phase exciting). And, the
energization changeover timing (commutation timing) is based on the
energization changeover timing signals S1’ to S3’ output from the
timing decision and speed detecting section 222. Therefore, the
control section 223 produces such energization signals Pl to P6 that
the respective exciting currents in the stator coils 225 to 227 become
those as shown in Figs. 11(G), (H), (I).

In the motor control device according to this embodiment, the
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zero. 9. A nmethod for controlling a notor which detects a nonent when a
-counter electronotive force produced in stator coils of the notQrjc
fromplus to mnus or frommnus to plus decides energization changeover
timng of the stator coils by adding a delay time with reference to
"respective nonents of the detection, and flows an electric current to the
stator coils on the basis of the decided energization changeover timng to

rotate tigatal Olec SNALACHETEad LA LhRL.d N debaYadd B diheds TBASUr ng (i e

which is nmeasuri ng y neasuring-a tinme between the

respecti w@edgl 26t ARABOL PeARA nG AT SSRARANGS ak0dés POHd ¥Bo0E . Negati ve
period of thé counter eléctronotive forces. 10. The nethod for controlling

a positi eadsedsw/) heseteRhoheaeaetAGibAaLlpbsl 9f tMrerotdr t ARaBakay tinme is
a tinme obtained by sequentially neasuring tinmes between the respective

det ect i omnnmbhendesteamdnedi ngtdthienalnepedd chiti saksedtie speasucentaarll i er by
one imedi ately before the decision of the energi zation changeover tine.
11. A degopeisbing @ft poblese keqrosi Thorrrrsaatbrress beoresrsshivesi ng: 80

- 7 JAN Z003, position detection neans for producing a rotor position signal
i ndi cati FGCEIPRT ATVEAVEEsHRi BH-SofPged cIBIETRY ¥hbhbdtS H@sﬁ’é’cﬁﬁ‘glbelow'

el ectronotive trorce ptroduced in stator coi]s .of ‘E_lhe.m)tor vc\iith a

pr edet er m ned V0l ?‘%5%; NS SERPAGCTREE /1 5PC det el R§EESHohe® §P°8Range i n
the rot olyRasihoRest 0!z aducsd: By 1412 PORL Le0: 61 2P LhaDa BAREe and

measuring a tinme between etected nonents of changes; energi zation

changeov GlockiMAGARCHE AN EALS el €8, AdMS. Gndfl Bte beEBett it abgLence to
cl ocki ng

t he nonents of changes detected by 't he nmeans to deci de the
ener gi zatdfomhehpstgaowekitioh NgiPfallshel statay aeei dstadikdus ephaaefolte, del ay
time the neasuring tinme corresponding to the positive and negative periods
of the cduntke témény devdsive andr s ddererting sedsione?l2, rbs dyprage
value of the counted value counted by the counter in the period T1
and the counted value counted by the counter in the period T2 is
determined at time t3 for example, and the rotational speed of the
rotor is determined froma reciprocal of the determined average value.
The sum of the period Tl and the period T2 corresponds to 120°
in electrical angle, and since a physical distance corresponding
to this electrical angle of 120° is known, the rotational speed of
the rotor can be determined as described above.
Similarly, the timing decision and speed detecting section
222 determines the average value of the counted value counted by
the counter in the period T2 and the counted value counted by the
counter in the period T3 at time t5 and determines to update the
rotational speed of the rotor from the reciprocal of the determined
average value; and furthermore determines the average value of the
counted value counted by the counter in the period T3 and the counted

value counted by the counter in the period T4 at time t7 and determine

to update the rotational speed of the rotor from the reciprocal of
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t he cl ocki ng neans; and exciting neans for flowing an electric current to
‘the stator coils with the energi zati on changeover tim ng decided_qyjkﬁezmn
ener gi zati on changeover tim ng decision neans. 12. The device for
_controlling a position sensorless notor according to claim11l, wherein: the
cl ocki ng means sequentially detects rising and falling edges of the rotor
position signal produced by the position detection nmeans and sequentially

TeasUr o e (0B AERURCR, LG ISheaL ed hdoeso. andykhecsbect 1] Loahion

changeover timng decision ans, when respective edges are detected by the

cl ocki NgvARRES ordtd d68nt &€ 280881Quzdl 1P BveAGaAeknd ¥heGshtlibRaBt at or
coils by adding a delay tine with reference to the respective nonents of

det ecti oBpaad dfsahedsotbe fieldayethi®edhe time which is used to neasure
earlier by one imedi ately before the decision of the energization
changeover ti nifhygs bytheeartsatdont hespeledcés rigpenmeatins.. déBerntinmet Abdf 0in
controlling a position sensorless notor which detects a position of a rotor
by virtuéleftiindt apoks BEtihenbining depkEenprrdigeedd ideterainy se6FLen of t he

nmot or and _rofates the rotor 81 . ° °~ hy flowng an el ectric current to the
st at or cgﬁgsl%rf’%tl‘?énﬁgs]i’% YrtermenyRy e?{ee&VSBE? i e ARy ﬁc?%lf}r"f{ed in that:

- 7 JAN 2003 a nmopent. of _change. of the counter el ectronotive fqorce, from
olus to RPRESSRANTPENTRitAls TbohPEr el Ri% SHSh 2% Fie PESLOAAT TP

det ect edtﬁ@@gﬁ&)&th%%eif§¥g?aé+g f’r@ca@i&?&@@ﬁ%@é! o EPERI Qfeothgag ot or is

determined fromthe average of two times corresponding to the plus and
M nus pebeodiStfinddacearit &y elbert 1 Oreei § of CA rRaraacd NetiRasutrRs tines,

and cl ose |l oop control is
positive and negative periods of the counter electromotive forces
Va to Vb produced in the stator coils 225 to 227.

The rotational speed of the rotor determined by the timing
decision and speed detecting section 222 is supplied to the adder
240. The adder 240 produces a speed control signal (deviation
signal) from a deviation between the rotational speed and the speed
command from the outside and outputs the produced speed control
signal to the control section 223. The control section 223 makes
PWM control of the energization signals Pl to P6 to be supplied to
the transistors Q1 to Q6 according to the speed control signal, so
that the rotational speed of the rotor is controlled to become a
target value.

As described above, the motor control device according to this
embodiment produces the rotor position signals S1 to S3 indicating
the rotation positions of the rotor in view of the counter
electromotive forces Va to Vb produced in the stator coils 225 to
227 of the motor 228, detects sequentially the edges of the rotor
position signals S1 to S3 to count a time between the edges by means

of the counter, and when a delay time is added with reference to
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performed according to the determ ned rotational speed. 14. A nethod for
controlling a position sensorless notor which detects a position of roéa r
by virtue of counter electronotive forces produced in stator coi |3703ANh %3
‘motor and rotates the rotor by flowng an electric current to the stator
coils on the basis of the detected position) characterized in that: a
nmonment of change of the counter electronotive force fromplus to m nus or

frommn ' : L t - nts of
change igé}?te%&%k’g%i‘ge ?%:tgtgft'gﬁa f’%‘}sepsee gséﬁ%érsoggrglgé%lt%%r %Rggd at the
every mr@ggrgquaeh@rmﬁaﬁ?emém%iﬁyﬁ dge iy stheod @8515833UE£d201 MRe@Nd the
nmeasured tinme before |ast, and close |loop control is nmade according to the
det er m neghd @baht&datalspeesuntldl b €laviceanter GORheOhH G BetBEOthe
conprising: position detection means for producing a rotor position signal
i ndi cati nipst poeaiown geadioti amomf ther obontdy wadmpar digtloouieter to
el ectronotive forces produced in stator coils of the notor with a
pr edet er rdetedmibet tlege dedeyi time: means for flowing an electric current to
the stator coils on the basis of the rotor position signal produced by the
posi tion det ecti5rehBafs; ST8 i bRl rdpee degbi v 9ot PreBntoiach
sequenti aj lé’iaq:%t ects a mpoent f the chanagria m t he 82 -1 Ja,%N 2003

pro

v? ons lT m. anlca t?rec%sn.on d.%%% 8?51 ive and ne ive
rotor position signa uce y the position detecti on means) neasures a

time bet otd@eofiechecfs&me@i@%%crﬁﬁwse%%%pmc@etﬁ{ Fhes A or

rotational speed of the rotor e average of the two tines

correspongbing &€ thBand¥o#SanNd;i fFdiehthesidls AfrrbbensOeBhde £éLdtREDt i ve
forces anong the neasured tines; and control means for controlling the

exciting heatre g0lip timee bbethad aheoamdrgipeadodetieingdoed rbyinirey odt at i onal
speed detection neans agreed with a target value. 16. A device for

control | ive stpsert fonlss@350kd €337 manobe madprEcsungtebysi Fherefistegct i on
means for producing a rotor position signal indicating a rotatjion position
of a rot o?mclﬁic‘b?Fﬁg:r‘Pﬁa of et eatod At thsp e SR e S FiB R ERR H i SSt-at or

coils of the 0 L th redet erm ned vol t age;. cl ockin ans, whi ch
detects a none .nCic’if %ﬁdﬁcgte&ofof‘ ’éof]éégﬁcﬁ&ﬁl SHRgi B%l;ﬁhl%r n%ﬁ%e’ﬂ“eﬂf/: t he
posi 11 0n Gel Ghk0BoBRANS vaide @@%@eéo@néémobggymmqyggg@%@% goment s
of change; energi zati on changeover timng decision nmeans Ich a é‘s a del ay

time withesafRia@acend a-dae i BRAENpeedl o€ Nae sAekest eshdd oehenélaGielsng means
to decide the energization changeover timng of the stator coils and uses

as the detaytbj m -Nghdr BRe GREpESPOAILAGed B IR Pbtb BHSH HHIoAUSI PiRIlisods of
the counter electronotive forces anong the tines neasured by the cl ocking
means; ex8ltin@3neaasddtmctedowiBuy,afioe| exnrle etrtim 3o the avextage coil s
with the energization changeover tim ng decided by the energization

changeove?f tihei FRPFES B iesnehide FOintETonAIthSpRERV IiScREF T ARA M ®whi ch

determ nes the rotatiqnal speed of the ro from.t he ave e,of the two
i mes. cor AL BORAPTG M ERe BTLE= e ARLS Jr PBRet rRLSEadniEosel

el ectromot i vg,d-QLCERe qthe %}éa‘r.es measured by the cl ocking neans; and
control neans for controlli'ng Phe exciti ng nmeans so to have the rotational

speed det er m neghdperbhe, r&Fat ii@nghe SRQS: dekechih adr MRNAcGF 6 With a
target val ue.
variations in mechanical precision and the positive and negative
periods of the counter electromotive forces Va to Vb produced in
the stator coils 225 to 227 have adifference, the obtained rotational
speed of the rotor is good in precision, so that the precision of
the speed control consisting of a close loop can be prevented from

lowering.

The position detection means described in claim 14
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83 - | JAN 2d03 17. The notor control device according to any one of
-claims 1 to 16, wherein the notor is a three-phase hybrid type stepping
notor. 18. The notor control device according to any one of clai ms- 4 dANlZﬂ[B
wherein the nptor is to be used to drive at |east one of a printer head
“carriage and a printer paper-feeding nechanism 84
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and negative periods produced in the stator coils 225 to 227, such

as the respective counted values of the counter in the period T1
and the period T2.

Besides, in the aforesaid embodiment, the timing decision and
speed detecting section 222 comprises a plurality of counters and
the like, but it may also be configured of, for example, the timing
decision and speed detecting section 222 and the control section
223 may be formed of a one-chip microcomputer, or a combination of

a microcomputer and a counter.
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described.

As shown in Fig. 16 and Fig. 17, a motor control device 301
of this embodiment is used for a three-~phase stepping motor (its
general view is not shown) which rotates the rotor by causing
commutation in three star-connected stator coils A, B, C, and
comprises an inverter circuit 302 which includes positive side
switching devices Ta®, Tb*, Tc® and negative side switching devices
Ta”, Tb", Tc™ to supply power voltage Ed to the stator coils A, B,
C, a counter electromotive force detection circuit 303 for detecting
counter electromotive forces ea, eb, ec (see Fig. 18) of the stator
coils A, B, C, and a control circuit 304 for controlling the inverter
circuit 302 on the basis of output from the counter electromotive
force detection circuit 303.

Each of the switching devices Ta*, Tb*, Tc*, Ta’, Tb", Tc”
consists of a transistor and a free wheeling diode.

The counter electromotive force detection circuit 303 has a
plurality of comparators 331, 332, 333. Terminal voltages Va, Vb,
Vc of the stator coils A, B, C and a power voltage Ed are divided
and inputted in the comparators 331, 332, 333 to have the terminal
voltages Va, Vb, Vc of the stator coils A, B, C pulsed.

A voltage division ratio of the terminal voltages Va, Vb, Vc
of the stator coils A, B, C and a voltage division ratio of the power
voltage are set to have a relation of 2 to 1. In this embodiment,
the terminal voltages Va, Vb, Vc of the stator coils A, B, C have
a voltage division ratio of (1/2), and the power voltage Ed has a
voltage division ratio of (1/4).

Rand 3R in Fig. 17 indicate a resistor for dividing the voltage
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Va, Vb, Vc of the stator coils A, B, C directly into the comparators
331, 332, 333. In this case, the terminal voltages Va, Vb, Vc of
the stator coils A, B, C have a voltage division ratio of 1, and
the power voltage Ed has a voltage division ratio of (1/2).

The control circuit 304 has a commutation signal transmission
circuit (microcomputer in this embodiment) 341 which produces pulses
a*, a, b*, b", ¢*, ¢ to effect commutation in the stator coils B3,
B, C based on the terminal voltages Pva, PVb, PVc of the stator coils
pulsed by the comparators 331, 332, 333 and a PWM circuit 342 for
emitting a PWM signal.

Specifically, the pulses a*, a, b*, b", c*, ¢ produced by the
commutation signal transmission circuit 341 are passed together with
the PWM signal through ANDs (AND elements) 343, 344, 345, 346, 347,
348 so to be the base for operating the respective switching elements
Ta*, Tb*, Tc*, Ta", Tb™, Tc of the inverter circuit 302. Therefore,
these switching elements Ta*, Tb*, Tc*, Ta™, Tb", Tc are sequentially
switched by the control circuit 304, and the positive side and the
negative side are simultaneously turned ON/OFF according to the PWM
signal.

Fig. 18 is an explanatory diagram showing counter
electromotive forces ea, eb, ec of the stator coils A, B, C with
the 1/2 voltage of the power voltage Ed determined as the reference
voltage.

It is seen in Fig. 18 that a three-phase motor which has the

stator coils B, B, C star-connected may effect commutation with an
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Therefore, as shown in Fig. 17 for example, the respective
comparators 331, 332, 333 of the counter electromotive force
detection circuit 303 detect intersections of the terminal voltages
Va, Vb, Vc of the stator coils A, B, C divided into (1/2) and the
power voltage Ed divided into (1/4), to have the terminal voltages
Va, Vb, Vc pulsed so to produce PVa, PVb, PVc.

And in the commutation signal transmission circuit 341, the
detection of the terminal voltages in the stator coils immediately
after the commutation is prohibited in order to avoid an influence
of a spike voltage produced immediately after the commutation.
Specifically, as shown in Fig. 19, a detection-prohibited area is
determined at required portions of the pulsed terminal voltages PVa,
PVb, PVc. The detection-prohibited area has a length appropriately
determined according to a spike voltage generation period because
the spike voltage has a variable generation period depending on the
motor current.

And the pulses a*, a”, b*, b", ¢*, ¢ for determining the timing
of the commutation are obtained from the commutation signal
transmission circuit 341 as shown in Fig. 20, and these pulses a‘,
a’, b', b, c', ¢ are subjected together with the PWM signal to AND
processing.

The motor control of this embodiment is conducted according
to the flowchart shown in Fig. 21. In other words, the stepping
motor is subjected to the synchronized operation in an early stage
of rotations, and the control by the motor control device 301 is

configured to be made from a state that the counter electromotive
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' 10%9& ()embodiment prevents an influence of the stator coils to the no exiting
phase due to the PWM signal because the plus side switching element
and the minus side switching element of the inverter circuit are
simultaneously turned ON/OFF according to the PWM signal. Therefore,
the position of the rotor can be detected accurately without adding
any special circuit.

Besides, since the stator-coils-connecting-point potential
of the motor does not change largely, this reference does not change
largely, and oscillation between the output capacities of the
switching elements and the stator coils can be prevented, and a
detection error of the rotor position due to the oscillation can
be prevented accordingly.

Especially, when only one of the plus side switching element
and the minus side switching element is turned ON/OFF according to
the PWM signal, the rotor position cannot be detected unless the
switching element is ON. Therefore, it is necessary to make the
PWM signal have a sufficiently high frequency. But the present
invention can detect the rotor position without any problem even
if the PWM signal has a low fregquency.

Besides, the counter electromotive force detection circuit
is provided with a comparator, and the terminal voltage of the stator
coil is pulsed by inputting the terminal voltage of the stator coil
into the comparator directly or after dividing and also inputting
the power voltage after dividing. And, the terminal voltage of the
stator coil and the power voltage are determined to have a voltage

division ratio of 2 to 1, so that the terminal voltage of the stator
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embodlment, the terminal voltage of the stator coil, which is divided
into (1/2), and the power voltage, which is divided into (1/4), are
inputted into the comparator of the counter electromotive force
detection circuit, so that the (1/2)-divided terminal voltage of
the stator coil can be pulsed with reference to the (1/4)-divided
power voltage.

Furthermore, according to the motor control device of this
embodiment, the control circuit has a commutation signal
transmission circuit for producing a pulse to cause commutation in
the stator coil on the basis of the terminal voltage of the stator
coil pulsed by the comparator. In the commutation signal
transmission circuit, the detection of the terminal voltage of the
stator coil immediately after the commutation is prohibited, so that
an influence of a spike voltage produced immediately after the
commutation can be prevented. As a result, the inverter circuit
can be controlled accurately even if the motor load is increased.

In addition, the motor control device of this embodiment can
also be used for a three-phase stepping motor. And, the motor is
suitable for driving a head carriage of a printer and a paper~feeding
mechanism of a printer.

Another embodiment of the present invention will be described
below.

A first embodiment of a frequency-to-voltage conversion
device of the present invention will be described with reference
to Fig. 22 to Fig. 24. Fig. 22 is a block diagram showing an example

of the structure of the first embodiment of the frequency-to-voltage
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first embodiment has a cycle measuring section 411, a number of
rotations measuring section 412, a number of rotations-to-voltage
conversion section 413 and a D/A conversion section 414 as shown
in Fig. 22.

For example, when a detectionpulse is inputted froma rotation
detector (not shown) of the motor, the cycle measuring section 411
determines a cycle of the inputted pulse and is specifically
configured of a counter or the like.

The number of rotations measuring section 412 is configured
to measure a number of rotations of a motor or the like on the basis
of a cycle from the cycle measuring section 411.

The number of rotations-to~voltage conversion section 413 is
configured to produce an output voltage from a predetermined
calculation expression on the basis of the number of rotations
determined by the number of rotations measuring section 412. Here,
the output voltage of the number of rotations-to-voltage conversion
section 413 is an 8-bit digital voltage for example.

Since the output voltage of the number of rotations-to-
voltage conversion section 413 is a digital voltage, the D/A
conversion section 414 is configqured to convert the digital voltage
to an analog voltage to output it.

Now, the operation of the frequency-to-voltage conversion
device according to the first embodiment configured as described
above will be described.

For example, the detection pulse froma rotation detector (not

shown) of the motor is inputted into the frequency measuring section
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the counter configuring the cycle measuring section 411 starts to
count a clock pulse consisting of a predetermined frequency at a
rising edge (or falling edge) of the inputted pulse and continues
the counting operation until the rising edge (or falling edge) of
the next inputted pulse. Since the clock pulse consists of a
predetermined frequency, the cycle measuring section 411 can measure
a cycle of the inputted pulse on the basis of the counted value of
the counter.

The number of rotations measuring section 412 measures a
number of rotations (rotational speed) on the basis of the measured
cycle of the cycle measuring section 411. The measured cycle and
the number of rotations by the cycle measuring section 411 are
mutually related as shown in Fig. 23 for example. Therefore, the
number of rotations measuring section 412 is provided with a table
satisfying the relation as shown in Fig. 23 for example so to
determine the number of rotations R with reference to the table.

On the basis of the number of rotations (rotational speed)
R measured by the number of rotations measuring section 412, the
number of rotations-to-voltage conversion section 413 outputs, if
output data is 8 bits for example, an output voltage V according
to the following conversion expressions (1) to (3). Its example
is shown in Fig. 24.

(1) v=0 (O=R=R1)

(2) V=mXR+h (R1SR=RO0)

(3) V=255 (RO<R)

where, m is a proportionality coefficient, h is a constant, and RO,

Rl are values indicating a range of number of rotations as shown
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constant h in the conversion expression (2) are set to any numerical
value and the number of rotations R is within a predetermined range
(from R1 to RO in Fig. 24, more specifically from 200 rpm to 1200
rpm), it is determined that the output voltage V can be fully variable
from a lower limit to an upper limit (0 to 255 in Fig. 24) in the
output range, so that the output voltage V can be generated in
proportion to the rotational speed R. BAnd, when the number of
rotations R deviates from the aforesaid range, the lower limit value
(“0” in Fig. 24) and the upper limit value (“255” in Fig. 24) can
be output as the output voltage V.
The D/A conversion section 414 makes the D/A conversion of
the output voltage in the digital type from the number of rotation-to-
voltage conversion section 413 into an analog voltage and outputs
it.
As described above, the frequency-to-voltage conversion
device of the first embodiment does not output with delay because
it does not have a filter element as a conventional device does.
And, linearity of the output voltage can be secured because the output
voltage in the output range is proportional to the number of rotations.
Besides, a dynamic range can be determined wide because output
inclination and output range can be changed readily by changing the
constants m, h of the conversion expression (2).
The frequency-to-voltage conversion device of Fig. 22 was

made to use the aforesaid conversion expressions when the number

of rotations—to~ voltage conversion section 413 produces the output

62



10 10 109<109% ()-8mMlO%& ()- 710%& ()-Z, 5109%& () -*5t CdEMbC

-1010%& () --10%& ()-3 10%& ()-f10%& ()-10%& ()-10%& ()- O-&dEnhC
10MLO%Z & ()-gl0% & ()-910%& ()- Y10% & ()-S109%& ()-10%& () - V\X/dlﬂﬂ?gy rqu)gé

10& 10%& ()-$210%& ()-#10% & ()-L! gl0%& ()- 10%& ()-z10%& () E

10 1910%& ()-/10%& ()-- 10%& ()- ,,gl0%& ()- *10%& ()- (g10%é& ()-7I
xmbC 10&10%g&' ()-G 10z 10z 10z <10%& ()- 7Y10%& () -

10%z & 0% 1 otations
ggwg&‘?()&aﬁgég&‘?%t(,)sgh%%%& Q%%%o;ggbé(%wgen Q?{g&m(n)ber of rotati

1010%& (R aR400@So G pet ¥¥E Ea e VFedDP@Eohntik JtQa"/@ﬁe (n).lmﬂagi@& tdtatitmEC
10&10%&' () - $z10%& () "nml0%& ()-& z10%g& ?) -Y10%& () - 10%& () - 4FdEnbC
101910%9&R (3 -Hnbagi% 4gvartk0g&héyn in FAYQ& 4,) the nhaS@Ro ( rolthz1OMIE o) - % =
10'V 10%g& ()-!'[ 10%g& ()-%10%& ()-3

voltage conversion section 413 can be replaced by a number of

rotations-to-voltage conversion table in which the number of

rotations R and the output voltage V are accommodated.

Thus, when the output voltage is obtained with reference to
the number of rotations-to-voltage conversion table, its
calculation time to determine the output voltage can be made short
as compared with the case of the number of rotations-to-voltage
conversion section 413 using the conversion expression.

Now, a second embodiment of the frequency-to-voltage
conversion device of the present invention will be described with
reference to Fig. 25 and Fig. 26.

The frequency-to-voltage conversion device of the second
embodiment has a counter 415, a cycle-to-voltage conversion section
416 and a D/A conversion section 417 as shown in Fig. 25.

For example, when a detected pulse is input from a rotation
detector (not shown) of the motor, the counter 415 determines a count
value of a cycle of the input pulse.

The cycle-to-voltage conversion section 416 is configured to
produce an output voltage from a predetermined conversion expression
on the basis of the counted value of the cycle of the input pulse
determined by the counter 415. Here, the voltage produced by the
cycle~to-voltage conversion section 416 is, for example, an 8-bit
digital voltage.

Since the output voltage from the cycle-to-voltage conversion

section 416 is a digital voltage, the D/A conversion section 417
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to output it.

Now, the operation of the frequency-to-voltage conversion
device configured as described above will be described hereinbelow.

For example, when the detected pulse from a rotation detector
(not shown) of the motor is inputted into the counter 415, the counter
415 starts to count a clock pulse formed of a predetermined frequency
at a rising edge (or falling edge) of the input pulse and continues
the clock pulse counting operation until a rising edge (or falling
edge) of the next input pulse. And, upon completing the counting
operation, the counter 415 outputs the final counted value as a cycle
counted value NC indicating the cycle of the input pulse to the
cycle~to-voltage conversion section 416 and restarts the counting
operation.

When the output data is 8 bits for example, the cycle-to-
voltage conversion section 416 outputs the output voltage V on the
basis of the cycle counted value NC from the counter 415, according
to the following conversion expressions (4) to (6). One example
is shown in Fig. 26.

(4) V=255 (0SNC=NO)

(5) V=K/NC+b(NOSNC=N1)

(6) V=0 (N1L=NC)

where, k is a proportionality coefficient, b is a constant, and NO,
N1 are values of the count value NC when the output voltage V becomes
an upper limit value and a lower limit value as shown in Fig. 26.

Now, derivation of the conversion expression (5) V=k/NC+b
will be described hereinbelow.

Generally, the input pulse which is inputted into the counter
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assumed that the rotor is rotating at a rotational speed R [rpm].
Then, a cycle t of the input pulse inputted into the counter 415
is expressed by the following expression (7).
t=60/(RXx) ([sec] - (7)

When a constant (60/x) is replaced by a proportionality
coefficient k1, the relation between the rotational speed R and the
input pulse cycle t is indicated by the following expression (8).

t=k1/R -+ (8)

Where a count clock pulse has a cycle tc, the cycle count value
NC output from the counter 415 is indicated by the following
expression (9).

NC=t/tc=kl/ (tcXR) - (9)

When a constant (kl/tc) is replaced by a proportionality
coefficient k2, the number of rotations is indicated by the following
expression (10).

R=k2/NC -+ (10)

As indicated by the expression (2), the output voltage V and
the number of rotations R are mutually related as indicated by V=m
XR+h. By substituting the expression (10) into the expression V=m
XR+th, the relation between the cycle count value NC of the input
pulse and the output voltage V is indicated by the following
expression (11).

V=mX (k2/NC)+h -+ (11)

When the constants (mXk2) and h are replaced with k and b,
the expression is indicated as V=k/NC+b, where k=60m/(xXtc).

As described above, upon completing the counting of the cycle

of the input pulse by the counter 415 to obtain the count value NC
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25 directly determines the output voltage V without determining the
rotational speed as the frequency-to-voltage conversion device of
Fig. 22 did. Therefore, a processing time for output computation
can be shortened.

The counting means described in claim 24 corresponds to the
counter shown in Fig. 25 and the voltage generation means corresponds
to the cycle-voltage conversion section 416 and the D/A conversion
section 417 of the same figure. And, the conversion table described
in claim 25 corresponds to a table 441 of Fig. 31 to be described
afterward.

Now, the motor control device using the aforesaid
frequency-to-voltage conversion device will be described with
reference to Fig. 27.

Fig. 27 is a block diagram showing an example of the motor
control device in a situation that the frequency-to-voltage
conversion device corresponding to the one shown in Fig. 25 is applied
for the position sensorless close loop driving and control of a
three-phase hybrid type stepping motor. Fig. 28 is a waveform
diagram showing an example of signal waveform in each section of
Fig. 27.

This motor control device consists of a large number of
circuits as shown in Fig. 27, but most of such circuits may be realized
by means of microcomputers.

As shown in Fig. 27, this motor control device is provided
with a 120~degree energization voltage type inverter 422 for driving
a three-phase hybrid type stepping motor (three-phase HBM) 421. A

midpoint detection circuit 423 is configured to detect an
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waveforms of the motor 421 shown in Fig. 28(A) so to output the
midpoint detection signals as shown in Fig. 28(B). A rotor position
detection pulse generation circuit 424 is configured, on the basis
of the midpoint detection signal output from the midpoint detection
circuit 423, to extract only the midpoint of the no exiting phase
counter electromotive force for three phases (see Fig. 28(A)) to
produce a rotor position detection pulse (COMPLS) having a level
inverted at every electrical angle of 60°

Since the rotor position detection pulse produced by the rotor
position detection pulse generation circuit 424 is obtained in a
leading phase with respect to commutation timing, a phase shift
circuit 425 is designed to delay the phase of the pulse by a leading
phase only. A commutation signal generation circuit 426 is
configured to output a commutation signal corresponding to the next
commutation mode on the basis of a rotor position detection pulse
with a phase delayed by the phase shift circuit 425.

Thus, the basic structure of the position sensorless close
loop drive is as described above. And, the motor 421 can be driven
by driving the inverter 422 based on the commutation signal obtained
as described above.

The drive of the motor 421 based on the aforesaid structure
only, however, has a drawback that the rotational speed is varied
when a load on the motor 421 is changed. Therefore, in order to
remedy the drawback, it is necessary to make the speed control. And,
the aforesaid frequency-to-voltage conversion device is used to
feedback the speed information.

And, for example, when the motor 421 is used to drive a printer

67



1.80/10 IlO&<lO%&' ()- .L3 109 () ; I\/IgZXGb_@ 100 x| . 10%g9& () - T! sl lOo/gg_&'? (]A-lelﬂba
- ©99& ()-Tl 10%& ()-T!s 109%& ()-'i 10%gg& ()- !'.bC 10
I'xl 310%& ()-f10%& ()- 10%g& ()-&10%y& ()-3 10g 10g 10g9<10%g& () - OEdEbC
10 'xl & f 10%& ()-Yf10%& ()-10%& ()-m0%& ()- 10%& ()-s10%& () - @EbC
“10 !'xl,10%9& ()-& 10%g& ()-Y( 10%9& ()-&10%& ()-$10%& ()-" 10%g& ()-9<bC
10 !XI!}0@&&f()-8%&10@&&f()-3 }Og 10g 109&<10% &' ()-/ 10%g& () -
1 Todle (PP 5 FORe oo R B B Ao BT

control the position in addition to the speed. Accordingly, in the

motor control device shown in Fig. 27, position and speed commands

(the position is instructed in the number of pulses and the speed

is instructed in a pulse rate) are given from the outside, and a

servo controller 427, which makes the rotations follow the command,

is added to the aforesaid structure as shown in Fig. 27.

The servo controller 427 has a deviation counter 428, a D/A
conversion circuit 429, an amplifier circuit 430, a frequency-
to-voltage conversion device 431, an amplifier circuit 432, an adder
433, and a PWM signal generation circuit 434 as shown in Fig. 27.

The deviation counter 428 counts a position and speed command
pulse (drive profile) and a rotor position detection pulse from the
rotor position detection pulse generation circuit 424 and outputs
a deviation with respect to the instructed position. The D/A
conversion circuit 429 is configured to output, after making the
D/A conversion, the output deviation from the deviation counter 428.

The amplifier circuit 430 is configured to amplify the output voltage
from the D/A conversion circuit 429 to output to the adder 433.

Since the feedback control by means of the aforesaid deviation
counter 428 is a simple proportional control, the control system
oscillates when a gain is increased in order to enhance responsivity.
Therefore, the servo controller 427 is configured to enhance the
dumping property by adding a speed feedback control system
consisting of the frequency-to-voltage conversion device 431 and
the like.

The frequency-to-voltage conversion device 431 corresponds

to the frequency-to-voltage conversion device shown in Fig. 22 or
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Fig. 25 and is configured to output a voltage corresponding to the
rotational speed on the basis of the rotor position detection pulse
produced by the rotor position detection pulse generation circuit
424. The amplifier circuit 432 is configured to amplify the output
voltage from the frequency-to-voltage conversion device 431 to
output it to the adder 433. The adder 433 is configured to determine
a difference between the output voltage of the amplifier circuit
430 and the output voltage of the amplifier circuit 432 to output
the obtained difference of voltage to the PWM signal generation
circuit 434.

The PWM signal generation circuit 434 is configured to output
a PWM signal in a duty ratio according to the output voltage from
the adder 433. The PWM signal is combined with the commutation
signal from the commutation signal generation circuit 426 by a
combining circuit 435 to produce a drive pulse. Based on the
produced drive pulse, a drive signal generation circuit 436 controls
the inverter 422.

Now, the operation of each section of the motor control device
configured as described above will be described with reference to
Fig. 27 and Fig. 28.

With the rotations of the rotor of the motor 421, an counter
electromotive force is produced in the stator coils, and the motor
421 has terminal voltage waveforms as shown in Fig. 28 (A). Thus,
based on the terminal voltages as shown in Fig. 28(R), the midpoint
detection circuit 423 produces midpoint detection signals (rotor
position signals indicating a rotor position of the motor 421) as
shown in Fig. 28(B).

The rotor position detection pulse generation circuit 424
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component not considered) edges from the midpoint detection signals
for three phases from the midpoint detection circuit 423 to combine
them and produces a rotor position detection pulse (COMPLS) which
has a level inverted at every electrical angle of 60° as shown in
Fig. 28(C).

A counter (not shown) configuring the frequency-to-voltage
conversion device 431 starts to count from “zero” at the rising edge
of the rotor position detection pulse from the rotor position
detection pulse generation circuit 424, outputs a voltage value
corresponding to the count value at the rising edge of the next pulse
and is reset as shown in Fig. 28(D). In the frequency-to-voltage
conversion device 431, the counter repeats the aforesaid operation,
and an output voltage shown in Fig. 28(E) is output according to
the counter value. Details of the operation of the frequency-
to-voltage conversion device 431 will be described in detail
afterward. The output voltage of the frequency-to-voltage
conversion device 431 is amplified by the amplifier circuit 432 and
output to the adder 433.

Meanwhile, the deviation counter 428 counts a position and
speed command pulse and a rotor position detection pulse produced
by the rotor position detection pulse generation circuit 424 and
outputs a deviation with respect to the commanded position. This
output deviation is subjected to the D/A conversion by the D/A
conversion circuit 429, amplified by the amplifier circuit 430 and
output to the adder 433.

The adder 433 outputs a difference of voltage between the

output voltage from the amplifier circuit 430 and the output voltage
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The edge of the rotor position detection pulse produced by
the rotor position detection pulse generation circuit 424 is
obtained in a leading phase with respect to the commutation timing,
so that the phase shift circuit 425 delays the phase of the rotor
position detection pulse as shown in Fig. 28(G). The commutation
signal generation circuit 426 produces and outputs a commutation
signal (commutation pulse) corresponding to the next commutation
mode with the edge timing of the rotor position detection pulse with
its phase delayed as shown in Fig. 28(I).

The PWM signal from the PWM signal generation circuit 434 is
superposed on the commutation signal from the commutation signal
generation circuit 426 by the combining circuit 435, and drive pulses
as shown in Fig. 28(J) are output from the combining circuit 435.
Based on these drive pulses, the drive signal generation circuit
436 controls the inverter 422 to rotate the motor 421.

Now, the operation of the frequency-to-voltage conversion
device 431 will be described in detail with reference to the
flowcharts of Fig. 29 and Fig. 30.

The rotor position detection pulse produced by the rotor
position detection pulse generation circuit 424 includes the
rotational speed information about the motor 421, and since the level
is inverted at every electrical angle of 60° as described above,
the rotational speed of the motor 421 can be measured by measuring

its cycle.
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the rotor position detectionpulse to the next rising edge (or falling
edge) (see Figs. 28(C), (D)).

This counting operation of the counter is conducted according
to the rotor position detection pulse (COMPLS) cycle count routine
as shown in Fig. 30 independent of the frequency-to-voltage
conversion processing (F/V conversion processing) shown in Fig. 29.

Specifically, the counting operation of the cycle of the rotor
position detection pulse by the counter is performed by taking in
the clock pulse with a predetermined frequency (step S21), detecting
the rising (or falling) edge of the clock pulse (step S22: Yes),
and also up-counting each variable {(count value) N of the counter
(step S23) as shown in Fig. 30.

Meanwhile, the frequency-to-voltage conversion processing is
performed by taking in the rotor position detection pulse (COMPLS)
(step S1), and by interrupting with the rising (or falling) edge
of the rotor position detection pulse as shown in Fig. 289.
Specifically, when the rising edge of the rotor position detection
pulse is detected (step S2: Yes), the edge detection of the pertinent
pulse is prohibited in order to avoid multiple interruption (step
S83), thereby temporarily stopping the counting operation by the
counter of the cycle of the rotor position detection pulse (step

S4).

At this time, the count value counted by the rotor position
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detection pulse is restarted (step S6).

Then, on the basis of the count value NC, steps S7 to Sll
perform conversion processing to produce the output voltage V. This
processing satisfies the conversion expressions (4) to (6) described
above, and one example of the relation between the count value NC
and the output voltage V is shown in Fig. 26.

First, it is judged in step ‘S7whether the count value NC is
within the range of 0SNC=NO. When it is in that range (step S7:
Yes), the output voltage V becomes “255”, and if not (step S7: No),
the processing advances to step S9.

In step 89, it is judged whether the count value NC is in the
range of NO<KNC<N1l, and when it is (step S9: Yes), the output voltage
V is given as V=k/NC+b (step S10).

On the other hand, when it is judged in step S9 that the count
value NC is not within the aforesaid range (step S9: No), namely
the count value NC is N1=NC, the output voltage V becomes “zero”
(step s11).

When the output voltage V is output as described above, to
detect the edge of the next rotor position detection pulse, the
detection of the pertinent edge is allowed (step S12). Besides,
the output voltage V is subjected to the D/A conversion by an
unillustrated D/A converter (step S13) to finally convert into an
analog amount to determine as the output of the frequency-to-voltage

conversion device 431 (step S14).
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reference to Fig. 31.

As shown in Fig. 26, where the count value NC and its
corresponding output voltage V are known, the relation between the
count value NC and its corresponding output voltage V is previously
described (stored) in an NC-V corresponding table 441 shown in Fig.
31. And, when the frequency-to-voltage conversion processing is
conducted, the output voltage V is determined from the count value
NC with reference to the table 441 in step S37. Thus, time to
determine the output voltage V can be reduced as compared with the
frequency-to-voltage conversion processing shown in Fig. 29.

In the frequency-to-voltage conversion processing shown in
Fig. 31, steps S31 to S36 excepting step S37 correspond to steps
S1 to S6 of Fig. 29 and steps S38 to S40 correspond to Steps S12
to S14 of Fig. 29. Therefore, descriptions of such steps are
omitted.

As described above, the motor control device of this
embodiment does not have its output delayed. It can secure linearity
in its output range with respect to the rotational speed. And, since
the frequency-to-voltage conversion device used can have a wide
dynamic range, responsivity of the 3-phase hybrid type stepping
motor can be improved.

The rotor position signal generation means described in claim
25 corresponds to the midpoint detection circuit 423 of Fig. 26,
the exciting means corresponds to the commutation signal generation

circuit 426 and the inverter 422 of the same figure, the counting
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frequency-to-voltage conversion device 431 of the same figure, and
the control means corresponds to the servo controller 427 of the

same figure.

INDUSTRIAL APPLICABILITY

The present invention relates to a method and a device which
canmake accurate positioning control of amotor whenit is controlled
by particularly using a counter electromotive force produced in
stator coils, and more particularly, it is preferably used for a
hybrid stepping motor. And, a motor to which the present invention
is applied is suitable for various types of drive mechanisms and
a paper-feeding mechanism for a printer requiring accurate

positioning.
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switching between such operations, comprising the steps of:

exciting stator coils of the motor in synchronization with a position command signal during
the synchronized operation to rotate the rotor;

detecting a rotation position of the rotor based on counter electromotive forces produced in
the stator coils during the position sensorless operation, exciting the stator coils in
synchronization with the detected rotation position of the rotor to rotate the rotor, determining a
deviation between a target position and the present position from a target rotation positionl and
the detected rotation position according to the position command signal, and making a position
sensorless close loop drive based on the determined deviation; and

adding a predetermined bias to the deviation at the time of starting the position sensorléss

. . : f
operation and then decreasing the bias.

2. The method for controlling a position sensorless motor according to claim 1, wherein
switching from the synchronized operation to the position sensorless operation is conducteld
under a condition that the counter electromotive forces produced in the stator coils have réached
a predetermined level, and switching from the position sensorless operation to the synchronized

I

operation is conducted under a condition that the deviation has become zero.

3. A device for controlling a position sensorless motor which is provided with a synchrorlized
operation and a position sensorless operation and has operation mode-switching means for
switching between such operations, comprising:

stator coil drive means which excites stator coils of the motor in synchronization with a
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deviation calculation means which determines a deviation between a target position and the
present position from the position command signal and the detected rotation position of the
rotor when the position sensorless operation is selected by the operation mode-switching means;
control means which controls the drive of the stator coil drive means according to the
deviation determined by the deviation calculation means when the position sensorless operation
is selected by the operation mode-switching means; and
bias control means which adds a predetermined bias to the deviation determined by the

deviation calculation means immediately after the selection of the position sensorless operation

by the operation mode-switching means and decreases the bias with a lapse of time.

4. The device for controlling a position sensorless motor according to claim 3, wherein the
operation mode-switching means has frequency measuring means for measuring a frequency of
the position command signal, switches from the synchronized operation to the position
sensorless operation when a frequency of the position command signal exceeds a predetermined
value, and switches the position sensorless operation to the synchronized operation when the

deviation becomes zero.

5. A method for controlling a position sensorless motor which is provided with a synchronized
operation and a position sensorless operation and has operation mode-switching means for
switching between such operations, comprising the steps of:

exciting stator coils of the motor in synchronization with a position command signal during
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the rotor to rotate the rotor;

determining a deviation between a target position and the present position from a target
rotation position and the detected rotation position of the rotor according to the position
command signal, adding an integral value of the determined deviation to the deviation,
determining a rotor rotational speed on the basis of the rotor rotation position signal, making a
position sensorless close loop drive on the basis of a value obtained by subtracting the rotor
rotational speed from an added value of the deviation and the integral value of the deviation;
and

setting a predetermined initial value for the integral value of the deviation when the
synchronized operation is switched to the position sensorless operation by the operation mode-

switching means.

6. The method for controlling a position sensorless motor according to claim 5, wherein:

the operation mode-switching means has frequency measuring means for measuring a
frequency of the position command signal; and

the operation mode-switching means changes the operation mode to the position sensorless
operation when a frequency of the position command signal or a counter electromotive force
level exceeds a first predetermined value after starting the synchronized operation, and changes
the position sensorless operation to the synchronized operation when the frequency of the
position command signal or the counter electromotive force level becomes lower than a second

predetermined value and the deviation is zero.
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stator coil drive means which excites stator coils of the motor in synchronization with a
position command signal when the synchronized operation is selected by the operation mode-
switching means and, when the position sensorless operation is selected, detects the rotation
position of the rotor based on counter electromotive forces produced in the stator coils to excite
the stator coils in synchronization with a rotor rotation position signal indicating the detected
rotation position of the rotor;

deviation calculation means which determines a deviation between a target position and the
present position from a target rotation position according to the position command signal and
the detected rotation position of the rotor when the position sensorless operation is selected by
the operation mode-switching means;

integration means for determining an integral value of the deviation determined by the
deviation calculation means;

rotational speed detection means for determining a rotor rotational speed on the basis of the
rotor rotation position signal;

control means which controls the drive of the stator coil drive means on the basis of a value
obtained by adding an integral value of the deviation to the deviation and subtracting the rotor
rotational speed from the added value of the deviation and the integral value of the deviation;
and

initial value setting means for setting a predetermined initial value as the integral value of the
deviation by the integration means when the synchronized operation is changed to the position

sensorless operation by means of the operation mode-switching means.
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105 operation mode-switching means has frequency measuring means for measuring a frequency of

the position command signal, changes the synchronized operation to the position sensorless
operation when the frequency of the position command signal or a counter electromotive force
level exceeds a first predetermined value, and changes the position sensorless operation to the
synchronized operation when the frequency of the position command signal or the counter
electromotive force level becomes lower than a second predetermined value and the deviation is

Zero.

9. A method for controlling a motor which detects a moment when a counter electromotive
force produced in stator coils of the motor changes from plus to minus or from minus to plus,
decides energization changeover timing of the stator coils by adding a delay time with reference
to respective moments of the detection, and flows an electric current to the stator coils on the
basis of the decided energization changeover timing to rotate the rotor, characterized in that the
delay time is a measuring time which is among measuring times obtained by measuring a time
between the respective detection moments and corresponds to a positive or negative period of

the counter electromotive forces.

10. The method for controlling a position sensorless motor according to claim 9, wherein the
delay time is a time obtained by sequentially measuring times between the respective detection
moments and using the time which is used to measure earlier by one immediately before the

decision of the energization changeover time.

11, A device for controlling a position sensorless motor, comprising:
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energization changeover timing decision means which adds a delay time with reference to the

moments of changes detected by the clocking means to decide the energization changeover
timing of the stator coils and uses as the delay time the measuring time corresponding to the
positive and negative periods of the counter electromotive forces among the measured times by
the clocking means; and

exciting means for flowing an electric current to the stator coils with the energization

changeover timing decided by the energization changeover timing decision means.

12. The device for controlling a position sensorless motor according to claim 11, wherein:

the clocking means sequentially detects rising and falling edges of the rotor position signal
produced by the position detection means and sequentially measures a time between the detected
edges; and

the electrification changeover timing decision means, when respective edges are detected by
the clocking means, decides the energization changeover timing of the stator coils by adding a
delay time with reference to the respective moments of detection and uses as the delay time the
time which is used to measure earlier by one immediately before the decision of the

energization changeover timing by means of the clocking means.

13. A method for controlling a position sensorless motor which detects a position of a rotor by

virtue of counter electromotive forces produced in stator coils of the motor and rotates the rotor
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by flowing an electric current to the stator coils on the basis of the detected position,
characterized in that:

a moment of change of the counter electromotive force from plus to minus or from minus to
plus is detected, a time between the detected moments of change is measured, a rotational speed
of the rotor is determined from the average of two times corresponding to the plus and minus
periods of the counter electromotive force among the measured times, and close loop control is

performed according to the determined rotational speed.

14. A method for controlling a position sensorless motor which detects a position of a rotor by
virtue of counter electromotive forces produced in stator coils of the motor and rotates the rotor
by flowing an electric current to the stator coils on the basis of the detected position,
characterized in that:

a moment of change of the counter electromotive force from plus to minus or from minus to
plus is detected, a time between the detected moments of change is measured, a rotational speed
of the rotor is determined at the every moment of change from the average of the last measured
time and the measured time before last, and close loop control is made according to the

determined rotational speed.

15. A device for controlling a motor, comprising:

position detection means for producing a rotor position signal indicating a rotation position
of a rotor by comparing counter electromotive forces produced in stator coils of the motor with
a predetermined voltage;

exciting means for flowing an electric current to the stator coils on the basis of the rotor
position signal produced by the position detection means;

rotational speed detection means which sequentially detects a moment of the change from the
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rotor position signal produced by the position detection means, measures a time between the
detected moments of the change, and determines a rotational speed of the rotor from the
average of the two times corresponding to the plus and minus periods of the counter
electromotive forces among the measured times; and

control means for controlling the exciting means so to have the rotational speed determined

by the rotational speed detection means agreed with a target value.

16. A device for controlling a position sensorless motor, comprising:

position detection means for producing a rotor position signal indicating a rotation position
of a rotor by comparing counter electromotive forces produced in stator coils of the motor with
a predetermined voltage;

clocking means which detects a moment of change of the rotor position signal produced by
the position detection means and measures a time between the detected moments of change;

energization changeover timing decision means which adds a delay time with reference to the
moments of change detected by the clocking means to decide the energization changeover
timing of the stator coils and uses as the delay time the time corresponding to the plus and
minus periods of the counter electromotive forces among the times measured by the clocking
means;

exciting means for flowing an electric current to the stator coils with the energization
changeover timing decided by the energization changeover timing decision means;

rotational speed detection means which determines the rotational speed of the rotor from the
average of the two times corresponding to the plus and minus periods of the counter
electromotive forces among the times measured by the clocking means; and

control means for controlling the exciting means so to have the rotational speed determined

by the rotational speed detection means agreed with a target value.
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17. The motor control device according to any one of claims 1 to 16, wherein the motor is a

three-phase hybrid type stepping motor,

18. The motor control device according to any one of claims 1 to 16, wherein the motor is to

be used to drive at least one of a printer head carriage and a printer paper-feeding mechanism.
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