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rotary detector which can reduce the torlque ri ppl e a rotor e
by reducing the ripple conponent of an output si gnal Description o "The
Rel ated Art The output torque of gRHIMYPDERRSIGH | Y contains ri
Since torque ripples are caused by speed irregul arltles and pogmimmWI"mm“m
di spl acenent of the support notor, they adversely affe
precision in, for exanpl e, PRRARJUNIRIF GHE clwﬁwx)owppar at s, and
t he sm)othness of an elevator ridée Dy Increasing carriage shakl ng. 15 V\hen
det ecti ng tﬁ@@@ﬂﬁ&ﬂ:}i@ﬁ&%l e, the torque ripple may be internal,
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preci si on ofcal keddre Sha T FRITAPPAERL adoton and the bke Ry rriucing
beari ng, a R -4 @%M it fdrelchigisd deidfl otor, and the assenbly

precision of_ the ecel erator. ny conventi onal ‘et hods have been pr oposed
for reduci ng?SS5gH i sliass? ttype For exanpl e, Japanese
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bet ween t he &fr%ﬂ lrelc?é'%(}; Q%Msel[ecj SUAL pqc))enaﬁ_[ {}ggrmtor in a

menory apparat u readi ng a torque ripp COI'res the angl e of
rotatioh50f the nithen d@Sestdngr thisngype mﬂ,ﬁthmqql@er¢ppﬁamdtlvalmmge

subtracti ng i;t?qfé PRLE BY tirﬂﬂe% AN thléﬁﬁgugnCOEH@“Ho’ééJr“ﬁalﬁ' Yy OF que

ripples of t atter'type in the r'otation detecting sensor nentioned
above appearCRPHiR T 2dy aaeelppprer, eneXxtigpial pasthisdnacdn yallasy be

reduced by apledtithg S§6Rs6P! "BhbefnatUtidripd h&?ri)élé's df:?éﬁ\' hee Q\FB}\'I@ in
t he apparatus whjch ctontrols the motor. However, when the rip tsl es are

caused by t RFemiPRHP rét%ﬁ"?% BE4UXF aBfed RaFany ERECBLEAGH a‘PEetllff t he
rot ati opodetwston beoey, 4 helcﬁmiréqxflaxagf rdhet 1P| BFe P chigide atrrg@r in
proportion to the det %hed an spe | eadi &g b gg ?ble t hat
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t he control |AppkiratiioveNosf T+hE292%ht icepteashi ok the ntosauentripple rotary
detect 0bg, |deAll AdPBP dSETSHE ot hahfl%aﬁ'dmaecégﬁa 1Be retAWn ot

becone a torque ripple and speed irre arities of the rotating
whi ch the rdteonp detPectsdm (& +idks) uheeea bs thertenguee rappde, adjmsmnv oI | er

and driver ofsffie ¢l Al AR H2C BRGRIBNCOFPLRE decelerator, and 4l

is the initial phase; in synchronism with the rotation cycle

of the motor, this signal is fed forward and added to the

30 target torque command, thereby canceling the torque ripple.

Japanese Patent Application No. 11-299277 proposes storing

the correlation between the torque ripple and the angle of

rotation of the motor in a memory apparatus, reading a torque

ripple corresponding to the angle of rotation of the motor,

35 and creating a new torque command value by subtracting the
ripple portion from the torque command value.

Since torque ripples of the latter type in the rotation



, 20' | overi ng its reliability and increasing the cost. Furthernore, in
addition to ripples in the output of the rotary detector, torque ripples in
an electric notor include those generated by assenbly precision of the
decel erat or, processi ng precision of the2wtor main body, high-frequency
magnetic 25 fields and the like, making it difficult to determ ne the cause
of the rippl&scddtidf & LRenkat Ahviet Bty 20dpeder i ?m_@ its
perfornanceéegta sleﬁr;bgorgﬁ%ﬁ% g%relsgn'? |anventi ona?%s been real ?zeéﬁl_ased on
the cir cunstiiRitesesbeitiaplapyebl emgasi weuably bevieioed by APP1¥3 Ndet ect or
whi ch can reducs o PUle tHAP) Sucit! ddNHI SRR FiBYY SHAY] ShFhe
irregularities of an actuator, such as a rotating nmachi ne, which the rotary
detector is apRATAYUSEWhiChsomprioly thrmateyer Hawevant WoeR Ehegiinmies

actuat org 1 eUC & ARES byAlthd GRS ©f Hdalidd Yoe 3Ry |dbtUARIA tith agy eve

t he above objects, the rotary detector according to a first aspect of this
i nvention coiRseyadueRfifejEptatdpn drtecihing sgasesy stheempl itideon 3

of a rotor; gndne E(ib?&)éscﬁéé&héépiafﬁ*éf iQPﬁEBF%E'&Qoﬂ toteHe Fertd e
detector, which detects the rotation angle of the rotor, and an angl e speed

det ect or whideeeed + headhpg &2 ferEOBI e Hh o i PepAReT IIPASTH-RIR put  of
the rotary ded eGicreddd tthedahld@ el 8pabdl £ababhak Ofa i wher® GRS lng

trigonopetrical cal cul ator which cal cul ates a sine value or. a cqQsi ne val ue
of the BBt artiih tRHGIUE @t LRECROLRT (ANA ey tadien; shecds dthis MiARHR

whi ch nmul ti pdn esndrigous Naunmden otidcansidle apfpdiatwaland atrri-dasdhe

tri gonometritﬁgl cal culgtci{ by a l,gbipredetern‘i ned gain; a nultiplier which
mul tiplies tH FRPuChrt %@%Qﬁl;? uster by the output of the angle speed
detector; and a sul ranisrwayh ch wtieactcsf tdentdlpuetdfodshédhand theen er
fromthe out of , t.he,_angl e C . _Accordin ond: aspect
of the i nven%oﬁ’ lnl,écli F‘]&t ﬁge%or} o’?‘gfgelggt&lgcégévgé ?]ﬁ(ﬁ' |?g{:g%g%§§‘fa}&?]hr?

tri gonoirBt r i ivalcamrent komal cootpar s adeteqiivisse, adj Lot iaktenptt twhiensud ust s

t he phase of .at han . , t h t] ﬁggé tor.
Accor di ng tot}g é%ﬁ?&%e%?”g#gt%\g@éﬁg:n%%xmtﬁ ﬁe{:ﬁ{é‘az‘%%t ryerdl{eiﬁgelgor of
the first astispeat irgegul atditdasorfuthe tohprisgasmachire|wikichiihs

creates an oty | BeREELHHANGE YhdtalilEa 9hat | G ANGh £s OlehBBn!, OlitHe
-According to a tourth aspect of the invention, in the rotary detector of

the first asptrolirr paaAxivey editdie yatAtANIdHFHIn PegoRRIRIMRIRX mhi ch
out put s2@ VOid@ék:eiﬂ?: agegr daeng apiliithe fWl eifneeeds Phgt heneot tost.
According tgo a fifth aspect dg&tt,he invention,.in the rotarg etector of the
first aspecttYiHRETILE y IRAAGOR? £1PBASS Y Ehg P R R iTErkat es

an out put i decedtchderdhermtippliibe intai iedecanglcemotorrhinebide . theoor di ng

1o a sixth aonecls0lafhecEayElIAC{di e ERLACLARtaRLOr Bloddie fid ot
aspect, the Totary detector un i s provided separate fromThe 1o ar
cal cul at or pwecisiouref righe aneteeventh kahecthigh-tfredquanay imggnetic he 3 5
rotary gstectidl e {nd ' ohe ARAEIng 11 JAEAIICES IRt i ind Aipes the
rotary cal culator unit. According to anh el ghth aspect of the Invention, in
t he cause of the ripples in the output of the rotary detector,
and undermining its performance as a sensor.
The present invention has been realized based on the
circumstances described above, and aims to provide a rotary
30 detector which can reduce output ripples, eliminate torque
ripples and speed irregularities of an actuator, such as a
rotating machine, which the rotary detector is installed in,
simplify the driver and controller of the actuator, reduce
costs, and increase reliability.
35 In order to achieve the above objects, the rotary
detector according to a first aspect of this invention

comprises a rotary detector unit which detects rotary motion



4 rotary detector of the first aspect, the rotary cal culator unit conprises
a unit for reducing a ripple conmponent of the angle speed. According to a
-ninth aspect of the invention, in the 5 rotary detector of the first
aspect, the rotary calculator unit calcugdates an angl e speed wo"t by
calculating cuo~t =w( 1 - G~sin ( n8 + ~ ) where 6represents the

rotation an , [ nts the gain.o he gain_adjusting_section

i Yrepresent géfﬁeg%ijﬁ’s{%%%og ﬁﬁ%‘é:y\?%?{'}%u%?%?ﬁé'%&ﬁa%%“ %Jslfﬁ?ﬁgr%té%iflr%'h, and
n repr esent sangke detieetoaf, whiph detgckesthienrbhat boh pniglef o f hberxdtaoy, angl e
detector in tatl f e, rotor. Accordi to a tenth ect of the
I nventi on, i%ﬂc?h‘él?r%ﬁgfr% %%?%@t%?é)%?{?ﬁew T‘?]%té]%s%%ﬁ ,t}f%ea?%f‘grﬁpeeé

cal cul at or 16&f diuinet robapy ikeesedaonrtilte botpuedfcthg wdppdeteonpenanit of t he
rotationgan rdin n_eleventh aspect of the invention,.in the
rotary datec tg‘r3 ?%%t%ﬁy f‘?ar'is&g%tb%ﬁt unabo ?%'F%{Jrso%s aﬁgl%rh%?ré%’?%'?hc%#pri ses
an i nt egr at cralmtatabtwh ich acaladtatees 20 sding! galipei oregrads inge tveel wait put
of the angl cLar rdi t spect .of the _.

i nventi on, ??lf{%%gedfgt@égggﬁea{ne@[c%?egle g’? ﬁEeiokf)iF sht\gejéé{f)glé?,doﬁq:heec“:roor’[’arg yg‘—’”'n

cal cul at or uddjugtapmhdeh multhpbiesttdre §bneivitlay aritie cheiargi@lspeed
out put wo"t 2% AcEQF&h "9b° 2nkhi 1 SRRNRnRTRE5G 101 cta*]{%dl%“c%'lf!orb Iy the
rotary detector of the fiTst aspect, the rotary calculator udit dutputs a
rot at i oA OangPeedetpEmingd @ ingdadusl tind igpyhachanpdriankies theeowtpul i on
angl e, and ' ' p‘i‘ﬂ:“ tehgl? ' Ay, of the
angl e speed?@%%ﬂ%c%)%gﬁﬁgu?’gggq%‘yo%??glr}{h aggzzgt 0 é%‘ﬁgbi%ﬁgent I on, .ll.'n t he
rotary deteci®i dofubhracteswhighsubtraets dihe utpntwfatbe mnt tipkier ovi ded

in series inggoml thél bl¥pet éfvahé-aﬁ?fér%é@dt&e@eé&éf.eenth aspect of the
i nvention, in the rot ar%_t detector of the second aspect, the phase adjusting

35 section has a PPIFANTIRI dt° AdpESPrimaskeeshiUfedheahBveRtdeni van\ERRIt put s

one of tbe protatytydedécliUst Bhaseivdtuesdarticatidancegdndietri®@inue

code of the ro%or & 5 Accordi ng to a smt(ﬁent h, aspect. of the ipyention, in
the rotary dePeCPHPLRF THBPFIFET AhRete 3Puging MpHstTHFRRAIWHYari es

t he predet ervhecphase nof ntle coodatiben vatdl extdstedtadviey the thetation

gravitation | Lectld ting on the 5 rotor rotation axis of the rotor.
(Principl es;%q‘ﬂé ?%%/%%?(I?%n can effectively elimnate the ripple conponent

in the output of Aceprdingdiect dhind @spaedt pdrtheuinveéytiode, rippilee

conponeny Wi&aty eReAdb s Phe Brst aspect, the rotary detector unit
comprises a resolver which creates an output in accordance
with the rotation angle of the rotor.

According to a fourth aspect of the invention, in the
rotary detector of the first aspect, the rotary detector unit

25 comprises a generator which outputs a voltage in accordance
with the angle speed of the rotor.

According to a fifth aspect of the invention, in the
rotary detector of the first aspect, the rotary detector unit
comprises an encoder which creates an output in accordance

30 with the rotation angle of the rotor.

According to a sixth aspect of the invention, in the
rotary detector of the first aspect, the rotary detector unit
is provided separate from the rotary calculator unit.

According to a seventh aspect of the invention, in the

35 rotary detector of the first aspect, the rotary detector unit
houses the rotary calculator unit.

According to an eighth aspect of the invention, in the



10 rotation cycle of the device being neasured. Wen the output of the
rotary detector unit contains a plurality of ripple conponents, all the
“ripple conponents can effectively be elimnated by provided a plurality of
rotary calculators in correspondence w th the ripples. That is, when
6orepresents 15 the rotation angle of the device being detected, the out put

of a rotary ,QRlhal dedll¥or BY Plelf1LRL SsPbll, AmaMRLd %:ﬂfcﬁdt%r

converted by a atlon angl e detector é fotation angle out A of
the fol | ow ngnéqsratnp@mseé—éonalt dos redveing)a ripple yFoppopRBLed the
represents t eff ripple cycles in one rotation of the device being
det ect ed, ~ re resents the initial phase difference when attachl ng t he

rotary det ector urﬂchnshtﬂ%tdb@l adnghi agrgeteefchhe| Inyertiprseit t

i nventi og, fo{taef‘?,ﬁr&?a'tPect‘Mle%@%h@“ﬂki‘s@%éﬁé@é d@ﬁ@"f&iaf* rE?aldiJlfaEtfo%“t lates
the rotation angl'e output 8, the | ow ng angfe speed put uu is

obt ai ned. waubit /aitlqullatzes ran sanqﬂ.e( grgRed- dou} by @aSCyllWhimga rotary

cal cul at or it calcuhates th t " of the unit based, for exanple,
on equatlonq€ " )a# ?he o%t u? g t(\a'gut |s expressed by substltutln

equat i ons (2) and Wi®xre Brepqeatentﬁ 1(119 rgg,aﬂ:gppmgle\guﬁ:rgggpgenps s in
(~a COS;&(:L ’Elﬁa éQ@ Qd?“@sld { r{‘GQPLre%r)eéen’Es the %dﬁls(t tY-a
%%I”&%t

n cos n6o+~ d9o /
represe Ps tfha é{laé“@pgg Rft PhRs BY P ettt 834 n'ieRLe ion (

4 ) , since ﬁﬁwnhmmlreoﬁrﬁlpgwe b&egenertaid guspaklosanehabtary langthen a
tri gononet r:éjcee functjon i s develp % a near-linear formnear an angle

of zero, th D RHEL T ¢ d°%°4-G s in ( ~+nAo ) +a n
G cos ( ~+n9 ) @axdrdifimrto at&enth aspect 08othe)inwentiol Hirflp-a n

cos(n6o+~) +roq§aory) fetier}:t(orn%%JrEh)e }Eirst(agp?ec%(,) ﬁéu%{]gr)? c,*alcc;:urlaqioxt hen

15 unit comprises a unit for reducing a ripple component of the
rotation angle.

According to an eleventh aspect of the invention, in
the rotary detector of the first aspect, the rotation angle
detector comprises an integrator which obtains a rotation

20 angle by integrating the output of the angle speed detector.

According to a twelfth aspect of the invention, in the
rotary detector of the first aspect, the rotary calculator
unit comprises an integrator for integrating the angle speed
output weut.

25 According to a thirteenth aspect of the invention, in
the rotary detector of the first aspect, the rotary calculator
unit outputs a rotation angle signal which reduces the ripple
component of the rotation angle, and an angle speed signal
which reduces the ripple component of the angle speed.

30 According to a fourteenth aspect of the invention, in
the rotary detector of the first aspect, the rotary calculator
unit is provided in series in a plurality of levels.

According to a fifteenth aspect of the invention, in
the rotary detector of the second aspect, the phase adjusting

35 sectionhasapluralityof adjustphasevalues, andselectively
outputs one of the plurality of adjust phase values in

accordance with a torque code of the rotor.



. wont=d6o /dt ( 1-G s in ( n8o+~ ) +a n s in ( n9o+~ ) ) ( 6)
Equation ( 6 ) shows that, when the gain G of in equation ( 1 ) can be set
equal to the proportion of ripples a ~ n, and the 15 adjust phase ~ can be
set equal to the initial phase differenc® the output wo"t of the rotary
cal cul ator unit is equal to the angle speed d9o / dt of the detected

device, and the ri ' ent _i. u f _th 0 | .on. ang
detector unit can pgcégogﬁﬁ%{%g:{&eg. Sﬂ'%tl%%r%ttﬁle%%%%g% (e)?'rgtrlébie V\%rgﬁlﬁ?l’e l(J:-)\nut put
cuo"t of thehetratanyadetegtor ofi thantindie ampglod ,spbedgadsn dd fhstchnrg be

det I ned f ' 6 = - ' +~) -G
n ( noost v 39T YafThn en@ pfelBteriinth, gaisd 1 afedfignd WiRA 1© ©
=dBo / dt (2ien@l praetcds(yhe-gyavititiomyl dinegtiion agcting ensthe - ) )
( The angli t%PfrJﬁEPcﬁSrLOJxﬂ 'of Stife CROESVE function having 30 its only

m ni mum point_at zero with respect to, for exanple, a gain G of between 0
to 2 an, andRIiniiRkes phase ~ of between -~+~ to ~+~; the m ninum val ue of

zero can easi |y bengiel eiidifihdf UBRAPEARI 861y A LER { P GO sppithien Lhe

proportion of ripples an and the initial phase ™~ are known In a ﬁce, 35 G
and ~ shoul FWPRRAGelbEEROWEPURPE XnbOkALH| deteetom unbt st apd . 7 In

this way, theaP¥RSEMErIyPHY repphe é@hﬁoﬁ@nf%ﬁl&‘f@hti@d%%bﬂ'&en@ 8R! @%e Of a
rotary detector, and can al so reduce torque ripples _and speed

i rregul &Pi t %R Aiom CYELERbthadevice deifpmeaghred - t Hhen LA oW Wet or s
installed i npf tHe Wary detector unit contains a plurality of ripple

components, all the ripple components can effectively be
eliminated by provided a plurality of rotary calculators in
correspondence with the ripples. That is, when 6, represents

15 the rotation angle of the device being detected, the output
of a rotary detector unit having a ripple with an amplitude
of a isconverted by a rotation angle detector to the rotation
angle output 6 of the following equation.
0=0,-a * cos(nB,+¢) e e (2)

20 where n represents the number of ripple cycles in one
rotation of the device being detected, and ¢ represents the
initial phase difference when attaching the rotary detector
unit to the device being detected.

In the present invention, for example, when an angle

25 speed detector time~differentiates the rotation angle output
0, the following angle speed output ® is obtained.
wo=d6,/dt(1l+a * n* sin(nb,+¢)) e 0 (3)

When a rotary calculator unit calculates the output weut
of the unit based, for example, on equation (1), the output

30 wout 1s expressed by substituting equations (2) and (3) for
equation (1) as follows
Woyut= dB,/dt(1-G - sin(¥-a ' n* cos(nbB,+¢)+nb,)

+a*n- sin(nB.+¢) "
~a*n-*G-*sin(¥Y-a-*n- cos(n,+¢)

35 + nB,)sin(nb,+¢)) st (4)

Here, dO, / dt represents the angle speed of the device being
detected.



5 'since the output ripple can be determ ned by the sinple conputation of

- Equation (1)~ the drive device and control device for the actuator can be
“sinplified and cost can be lowered. As is clear fromEquation ( 8 ) , when
the anplitude of the error err is zero, & he ri ppl e conponent can be reduced
10 irrespective of the rotation speed of the detected device, increasing

the precision and rmeddwdt 161 Y 49, ditRed Bhami pPaleeahiol i t i b JdrGRIAY ON OF
THE DRAW NGS 15 FI G (%..ll s a %er pechl ve view of the qveral] constitution of
a first emb&AAnSDtRAN 2i AVehti YRENFRAGETF JoDopehrdGa 1y Uhd ng t he
overal | consievellopsd dn bhaehir-3tineakodoftnheak! &n 3ngledopatérspn thagram
showi ng the rel at.i on%hicp 20 between target angle speed and tine in the
first embodiSEIRASIE 8PN’ a pattern di agram showi ng the rel ationship

bet ween sor @ye. sORNGvalug ardi 4 [ wB-dg,ythe f first enbodinent; FIG 5 is
a pattern diagram showi ng the rel ati onship between torque conmand val ue and

time in a conveh®i oRal @Wewee( ¥y eog (indog dokr specti ve vi ew showi ng a
nodi fication of +hhenr oteainy (def egtyor in the first enbodinent; FIG 7 is a
per spective view show ng another nodification of the rotary detector in the
first enbodi nent@ FRG Gg i B (Ferd pelt’i 85T 'dh) t he overal | constitution
30 of a second enty@diyeiw (A0.4+p))y i nvention; FIG 9 is-a bl eek di agram
showi ng; yhe overaly sQﬁﬂ.%t tution ofyt hcteh econd enbodinent; FIG 10 is a
perspec%lve vi ew Of the erall” constitution of a third enbodi nent of this
i nvention; - angd¢35 d,Adt{1-s asiockog+dy am showi ng t he overal |
constitution of the third ?nﬁogi nt . 8 DESCRI PTI ON CF, THE RREFERRED
EMBODI MENTS Embodi mfnt & of { PHe 8 sent invention will be ex Feh ned in
detai | wi t h EQfadriencd 6t)oshhwsatbatpawlyengt e a6 iy & ofnrbodegwatians( ) fir st
enbodi nent leSe LAV i i IaRe | enge . 1to
7. In FIGS. @(f\rfa% 31,59r%?%égnrkcd((ameglgdg%fﬁggﬁg?eﬂfg%ﬁgigég al ﬁ'r%ﬁg%@
det ect oi5i n ad fustsphasbdficanrke sEhequlaty tdet buibial phaserd sEfexener ary
det ect or uni tar I i (2" ry

¢, gueogﬂtﬂﬁl{:g g"ﬁ‘{\%ogf ChL afcﬂ!alt]f gzél}ééﬁta?otxﬁgﬂ &2 lﬁﬁaioﬁé‘

detector uni't inent 1s a ] evi ce Del ng
det ect ed, hérhe apapeisperf 40 ot 8k afotheidrfaested devirea and 2he eirple| c

motor 11, arsdnpphwrntsdsn aheesetpet db vie etauttipm angleodéagetprapoiti onate

to the can be eliminated.

20 Furthermore, error between the output w.+ of the rotary
calculator unit and the angle speed df, / dt can be determined
from Equation (6) as
err=w-db,/dt

=(a°"n-sin(nb,+¢)-G* sin(nb,+¥))d6,/d4t

25 « . e (7)

which can be expanded to

an—-Gceos(y —-¢)
o (8)

The amplitudeof theerrore, is aconcave functionhaving

e, =db, | dt(a*n* +G* -2anGeos(y -9)) x .«:in(m?o+¢—tan'l G sin(y -¢) )

30 its only minimum point at zero with respect to, for example,
a gain G of between 0 to 2 an, and an adjust phase ¥ of between
-n+$ ton+¢; the minimum value of zero can easily be determined
from appropriate values for G and ¥W. When the proportion
of ripples an and the initial phase ¢ are known in advance,

35 G and ¥ should of course be set to their known values from
the start.



. 15 rotati on angle of the rotor rotation axis 13, a rotation input axis 17
which is directly connected to an unillustrated rotor of the resolver 15,
and a rotation transmtting unit 19 which connects to the rotor rotation
axis 13 and transnits rotations of the rétor rotation axis 13 to the
rotation input axis 17 20 of the resolver 15. The rotation transmtting .
unit 19 conprises, %hfé%@ éé%xﬁ?'éi 1o<’%ﬁcis abaPker 5e8{1€et he
rotation input axis 17 of e resolver 15 i rotates around an axis
core whi ch niheREERHa ipihd esopéra rnﬁt@tnmdeéﬁpfrora anfdecansdisperedgces
conpri ses antafqhéul%@i@& il Qbe%' f_Pré%magiegebslM@c%% g giena

stater 21 having a simlar. w ndfng dition, the resolver conpri ses
a si gnal pro€§§§&¢QH}W%&%%tBE€BGP§%§QRﬁQQRﬁ#%éPFEébéﬁ&Hﬁ;tEuFﬁBermtatlon

angl e OfEﬁacglﬁ@éath@ndWﬁﬁd%(ﬁlﬂbﬁé)é%n(BédheQ%rh@%é&“B¥'Eﬁb'QEH%;@X'S 17
from 30 a predeterm ned point of ‘ori a_voltage of 0 to 5

stater 21 ofc?ﬂE“F@EbPDe?f1EQP§t§@Eu?EM oﬁha.BSaYﬁ dsvpgeaandpFertrad

menber 27 usuaqleepfeﬂeiﬁénbeedaasihesn Eeesiﬁplselealaﬁddebeeteﬁn be this
case the rotar%gelectrlc notor 11, will be explal ned he rotari el ectric

35 notor 11 +9veEedr edihyissFéppEr Eram, Emm@a Gh = hedethe ampdifydsg

result becongg tte eRiregeel tis LBeohaske &&ppwcaﬂlﬁbheﬁﬁ &&n e reahiekd
eIectrlc ot or rlses a stater

rotation axis r

oust ng 195 WRFERShEELYCrHE T o nandaf shecAPrechetoeTices
bearing 35 wbheheasingottieabpyesippont ankde reldbiDieyi oFf ahé idtakyt he
cylindrical %8%t0g1face center portion of the 33, a pulley 37 which Is
attached 5 t Re 8ﬁtput side of the rotor rotation axis 13 and transmts
power to the negative |oad of the rotary electric notor 11 by an

uni Il ustrat eg ?ﬁfdﬁﬁgéﬂ}ﬂfgoﬁE@Pog EaDﬁRﬁ?ﬂG ontrol device 39 which
cal cul ates a § comrand val ue ?or control'ling the rotation speed of the
rotor radtsation aX|EICi0 1113 bgsaspartiee voetvmift thé avexraldt aopstétation 1,
and a drive VL C eckr I : by a three-phase
alternating ggm%rfﬁﬁétm%hﬁgase fiy S%hgﬁgétxnggﬁﬁiﬁﬂé speed control device
39, generates a toffee e}uildal éntbl@CkhedeﬂIﬁm chowimy vahee bpyerahé rot or

rotation aX|§oA§tlg§tibﬁ Qytgﬂg gi g8l ebolifRehptary detector unit Cl is
input to the rotag% cal cu ator unit C2,. This output signal contains a

first ripple conpdhk®t, Wﬁi@hPFFG@FHaFé§9§?“kﬁ@°WéP§tFBﬁ EgepEigpshaR rotor

rot ati orpoaxi Beﬁﬁeeﬁda@émuagdebypeaataﬂd atimenifli ey &qmnémsba&ﬁéﬁﬁces and
the like of the r #ﬁ%lo 20 tran nlttln uni t % and g secgnd rlgg
conponent, which ff 1%t dat’s 2aP3% eFHtgd gEamuFPPELRg Lhg TRLAFIOBFNERe
rotation cycbetnéehheonanommﬁmdwanuaﬁuait&mamd1thedﬂu&ﬂﬂehyodlment

el ectromagnetic.a n ©of. 1 he . i |ng of
t he resol ver 15. %%iero gﬁigbg%§§|%5095§§f§5t59§g3§ﬁd£$ ; géPBﬁ 3Por
unit C2' arebptweensdranesraandvakdeead higsein iapmreeemtrmbmml demisegnal s
whi ch cerr espond r t

cal cul a'?gr ulrcl)l t 02816%% %ﬁlggg%tp% r tgkﬁé%cbgglwegl&ig{ﬁélgg Uéﬁtlgg]ngg?/t S
t he signal dﬁb%u¥°¥@ﬁﬁ1@ﬁ%e%t@ﬁa}np?b%e§$§$t2€mb©damﬁbtat|on angl e 30
signal of the rotofrg Oﬁei%'ﬂbfé(bécéﬁveﬁﬁe%%@o%l Qﬁ‘éfﬁ&@&fﬂﬁ‘é‘ibﬁh

converts the rotation angl e sighal to an angle speed nal o e rotor
rotation axif18herphasy derecter in Eh?cﬁlﬁﬁFu§F§°€lﬁﬁa§é angl e with

respect to the outpid. Slﬁh"a'{:éﬁsﬁé&fﬁaiéﬁ%@ﬂﬁé%v@a@@Qénééltﬁtibﬁm e
nunber gﬁln 3 nult|§$|er 51 which multiples the nunber of cycles of

ripples et i PRT %deWP%ﬂ+Wﬁ%to%FpﬁPlﬁf1PH%an?af|on angl e detector 4 5

in one rotation ofrtdge rot qrs r@t a}bl@ékaMfada.ealﬁ dhowdng f @k ) ovez81RY an
i nput si gnal der 53 %%he ou%gﬁt of the phase adjuster 49 to
| £PRP

53

t he out put o o?ﬂ% Ten e E?eg%?%o ®BY%; a sine calculator 55
whi ch inputs the M@UloflrsCﬁTpéhepéddQVeSﬁ.eﬁﬂdfthb@ﬁe&tﬂil 8ofikBetuaiog of
the input of a third embodiment of this invention;- and

35 FIG. 11 is a block diagram showing the overall

constitution of the third embodiment.



i 5'Value, a gain adjuster 57 which nultiplies the output of the sine
cal cul ator 55 by an adjustable gain, a nultiplier 59 which nultiplies the
output of the gain adjuster 57 by the output of the angle speed detector
47, and a subtracter 61 which subtracts ghe output of the nmultiplier 59
fromthe out put 10 of the angl e speed detector 47. The phase adjuster 49,
the cycl e nunber gai hader 53E and the si ne cal cul ator
55 toget her form a trgof : 2 £ 2 cal cul at or
unit C2' conpri seszrﬂ)crdzitxﬁnmoaﬂgt@pd@t«a@@xttoinééntilénmnnbégéﬁlbp&lmCh
integrates the d 15_co rlsing t he output of the rotar
cal cul at or qufllt&?fgaE]a Vghéé & 9@ %l%‘hc WY LG ﬁa‘géna%m e with
respect to tmeb@:mimttt si gnal of the rotation angl e detector 45 , an adder
53" which adds th t as uster 49' taq .th t. of the
rotati ongangl e det%e% ?‘% %moboé ’ﬁg OZ%tsaJFchﬁ“é?’le%% Wik g’ﬁ Jt[j"t‘
out put fromwieh adelferé&iie aml FECSUl Bttles A. Si ne val ue of the |nput vaI ue, a
gai n adjuster 57 I i pLi e out f.the s cu ato 55 by
an adj ust abl e gai nmgfgrﬁptil p+(|92|' e’%géé] gﬂéf‘ f)??’é%s?hgs %g‘tep?t‘felé?
gai n adj ust eroEary hiettentcautipua ﬁirsmgenrhm:tchmerﬁﬁ ca?heutataryu@ete@?or and a
subtracter u u e tiplier 59' fromthe
out put of tﬁieL ro é‘fityé%a? ]{Jﬁa{%’r td%%e%"éé% 53?& (yrqt’ iaﬁgeﬁ?g?a' %%fcg\i]até%r
i ntegrafs tweithf2 apbelR conprising the output of the subtracter 61' .
The phase adj ust erThAteg rotaff gggfztég unﬁ:nq@’ff hgﬁ_stpﬁspaém‘ﬁblqﬁrpé’nt?’oi§5

. To Tacilitate

together forma trltgononet cal cul at or
under st andi rttagked sedthadevioe bednacdeBeched, hierejrompr isinga ¥3taw | | be

expl ai ned. Thec$P a%‘i@tI?'ofdﬁvf&?axyeﬁ%@&'ﬁeﬁo@graﬂgl Qnﬁp&gx?%f;?%g%t

pattern generator 65 which_ qutputs eed target patt
fol | owed 35 dFeFRL%HILe yﬁé&& BPtPHF;SrBtB‘PlFégatpbﬂPQRFSOf_tétea‘n@l the or que

comandieal ctbed©iod dnyhedE Eﬁlecﬂd@khe§o€art9_6?ll&ci@ Rang r%%la'{(iofnoinﬁ@@
rotation speed of _t rotor _rotatjon axis to chase

e
pattern at, ‘;}lt% i§ kRS BY tcl?ém&‘@eé’ Eﬁ@éduf‘aﬂéjéﬁtﬁét:?ér@%'ﬁer at or
65 and the aastgttetespeedlw [ust, aﬁdtéteoszalattbacwénéﬂlt@inéhﬁ;f@t@r‘yhlch
cal cul at or unlrtl g t{ﬁ‘ rive deé: TTEI’I se(? a_converter. 69, which
converts ac BHYREYS FPOHS FRLPRFS a%‘l’ré’é‘ea’étsf PR kg2t sS40t HPSHover
and an i nvercnérthklmttma:hronptlientdmelsiol?pmmelthfer eorhhdononyputeax 59 Bnd
out puts%g prefet el rgé%ecﬁ‘;é}rel phase ac power such that the rotary electric

not or gener at es or que |ch is equivalent to the torque comand
val ue, based on t'-NEeL’)Qlt@monbrehsmhetwgmtcb?mamdrmaESulfaimxa’xﬁ’pbmd t he

out put of tf@ddl&z%&rs%tlo?oﬁﬁt anTé‘% bBM?iEEr dda %{@Eb%%%l%nf &Bhﬂg Sppl e

controller 73 which controls a thyristor firing angle based oh the outputs
of the torque’ iR xeskver 01r5 eheald t Hotatiegraand An saxihgoxe

three-phase mmumfact&he‘soehgertﬁf@&brwrlﬁot&eldﬁ%;tm 180" QR Sesdipe) ed to
t he rotﬁ Jalgctrlc .ot or 1ﬁdflatté%/rlstor section 75 which supplies the

three-p COMPrafes; %“t"rﬂel BEPLPE WRLER A YinQinghe| wenrd wj t h

t he out put famnrtdtanﬂlalsltgt@&gte lmnttrrg)lalﬁmﬂ?ar Mnﬁh.eld,oiﬁra/ddiﬂﬁﬁﬂpr :
t he speed cqr

;}E g ﬁéz 5 and the drive device ésjs ﬁ power needed
for the oper 1S SREOTVeERL EomBOARBE 4 S1ahap PECCHH ST 2 LrhorHaE Be
power 77 . Imvoditageldqrresdlpomhndgltlmlthléimgtaattmorbahqm dfteaahr:ﬁytdum .
represent signal p o a ol i i nes present, power paths near the
rotary el ect%f‘ﬁ‘?rdta%:bsff’ gr“;}‘%e‘t@&"o‘@‘??’ﬁ?“‘&ﬂ?&%ﬁu}ehtﬁlipmt he
oper ati 3 ofa tpwedetteamyi ket qxctmrt axﬁ:dmilg]gx,t @ tdwe eentuddiagantofie®cio ed
above w || exils a Ny s SI andb i when t he
t hr ee- phaset% t)é{[?lna :E%ge:ﬁ\d\g\gr {S.T@}a%dyé%gl‘é?ﬂg Jp%as% la’é ‘%o%ra BYPaFI are
i nj ected andt Hy mosappodtisgt vembert 22 wpiregl a:c;nierdﬂteiewlrw:l agatmnﬁ. t he
drive device 43 angd HARUANAhS I ALEOM, LIE 2RILE SRRl Rpttern
é]j;h a el nta

generator 65 is outputting zero ero tion axis 1 S an
angl e speed efectaris mgtz@m dal| yll\l/nbﬁ ehplangeé s fBlel ItcarEgtey ekadtaric 35

gener at g5 65 serAy o & s
exanple 1n FIG 3, an the tar g?@ﬁ%ﬁ% spee st aﬁ'{}‘taetcdo I'ncr eas%@ ﬁze
torque commeafd aalactesi b begomes omepiece Wath the base 29. Inaddition

to the rotor rotation axis 13, the rotary electric motor 11




. 12 torque comuand value to be generated by the rotary electric notor 11
based on the present angle speed of the rotor rotation axis 13 output from
"the subtracter 61' and the angle speed target value of the angle speed
target pattern generator 65, 5 and the chlculated result is output to the
drive device 43. Then, the firing angle controller 73 controls the firing

angl e to thechyprSded "@Etralﬂ%rrH&@éyn?lﬁ%h'lﬁhnﬂtsﬁéeéltrf@%% #le§S olehend Or que

specified by the command val ue he output current o e inverter 71
rotates the ¥otary eleekrie masiayw lio 91baﬁransr 38 evioh rean nrtatanl ¥ peed

at the torq@uﬁp@rofﬁrﬁéﬂrexok%@m%ﬁ@ 48. ot %htehbfwﬁanéai 5&&@&@

generated by t tary electric notor 11 starts to Totate the pulley 37
and the rot of2¢ANRY Rerdien of the 330t atPhley¥ Ihwhishoisratbached axi s

13 is transnéied éétyh@ ikt 68tad PBtéf%‘mﬂltdrﬂgx!ﬂQ'B &%d%ﬁémwt ation
input axis 17 to the resolver 15, _and the output voltage at the signa

processor 23PPWRF ded dhe Negatizehdedehed whenrehary neleatsis meker b atl on
angl e of thepy 049wk Pf BlsOFated Sgt)ﬁgdeﬂ'@ﬁﬁﬁlﬁi' hé¥en S} wts;%@éa agénefol he
a

signal processor 23, 20 the rotation angle detector 45 detects the rotation
angl e of thedFBICR PG avhirh ak’laécl?éatﬁﬁd 3 h&O%AYPe PEMRNYeVadS B9

detects the @@@tﬁoﬁpﬂe@ ¥hé, rdeit RSP eed i fHENnMioRt BstHEidNCakike. Al
this tlgﬁ {]i out ta(?lg of the il gnalﬂg cfg‘%essor 23 contains a first
ripple and |° & HrPuks ot theeret ST lah3PE. aWE RV @ espect
to the rot ata@me@gw wbiahned byeblnelbauayl powagde h_ﬁgetaeCﬁMeéIEphaée cycl e
nunber gainnjr_]l Ig{br 51 nult}) néisb unbe of rigﬁ% % es in

rotati on of $heTt o9 RWT ot hand Fsog | ﬁrSp%ﬂ

t he adder 53 emitisol dewlice 391,egpnedatesra mrlquammrag.lemtotou:m

adj uster 49 ch cal cul ates a

si ne val ue o%%’p@ﬁ%%ﬁ%u% put rom Iga%g %51 asx?.k V\g%l n adj uster 57

mul ti pl 1&s t he outThe cotptheigned Qﬁkh@lmmr}saebycaopmﬂm el misnempyki n,

and the 35 %ghg'rfooergﬁ,gcgyé 18L68% éﬁgeg?ut R Oéu£§5§tgig§aa€idé&§{ﬁné7 by

the angle spee ang e spee ect or
mul tiplier 50 Bkt pmg conpeagnt,omhird fhygrtuspesdat qlsedm'e@tmnm are

applied to tégecﬁélakrt@,@tfato@lmmf@n55&@&&%%% wegq%e%ﬁ, ﬁf,swﬁ&ei&ﬁpl | er

59 fromthe gut put of the angl e speed detector esult becones the
out put of tHASRIaFSment cdid GFeEPfﬁeF cnd Tithe élkw t r EBFectotatior

rotati ono5 angéxesmmtﬁmghﬁuiapqeq ahd heseabad foppléofompd ﬁeﬂB Whech esul t
cal cul ated i thee uat | on t,. fromthe rotar culator unit C2
o Che angl & MGt ottt atepRal Blldip s Tt 4 oS dn ettty e
t he angl e spsple@ubguttie orotbe rodttatyicoml asliat ox3 uand s tAuEkd abvgl e
speed out put e a al cul unit C2 | n i to t rotary
cal cul at or uni%&%olpa%gtlé ¥ﬁ§1P8t°“f’%’§%“§ﬁ§Fé‘wd‘é}°§°% t?‘ 4‘5“% Ff%{l % t he

i ntegrat or ivwinding asf tthe aeglod vepedd .antheonekary ¢al¢m1atontlan1brc2mgl e.

The phasg ady ES'&a%? né?é Oap?olﬁuﬂfﬁd& e%%;ﬁ’o@i@é&lﬂ@}&eé% o PEAtEe ondi ng

to the Initia hasea Irst ri onent ero ation
angl e det ect@e%rl@@éeﬁh@n®l¢@§@1m§wﬂélswl%ﬂﬁreaﬁpgndtQﬁQ'WMr 53

The cycl e gy dQ-%leEt@Hl Eb{?&t%n@ngﬁ Ov'ﬂedreewge@awelé%ﬁtwﬁ angl e
detector 45 and the adder 53 IS no rovi ded he rot ar

cal cul at or fif COBPIISEH 3 RE¥GD @9%%3?5365%04%%1@ sengﬁr#ﬁnhhed is

in synchronigigndt Buftbatrﬁtcﬁﬁ th% Sidlal prate8Bor I ol HeotdhGWrPing1eS
cal cul a es a sine value for the rotation angl e output. by the adder 53", and

the gai R0adjSkdnal 8% thematon getahdonAXis ddvpa® WA FRECY FRLe]ERTI at or

55" by 25 a 47 eHeter Fonesr €dithe EQEE\Q&BQ%T& baghiae eoRin hh@&eoé%é@@ first
ripple conponent Thfgnfg}‘”t lier 59" nult ies the qutput ffomt
I

adj uster 57'S TREBACR (BT 1S r Gt BRARR FIBTher u‘ﬁ?al c
and the SUbtw}ﬁﬁitﬁédﬁi;stsué)tplﬁ@esahbﬂe@h&wtre@bebhetﬁlﬂﬁd plhkputd9ighapm t he
angl e of the rotation angle detector 45, a cycle number gain
35 multiplier 51 which multiples the number of cycles of ripples
tobeeliminated from the output of the rotation angle detector

45 in one rotation of the rotor rotation axis 13 (e.g. four)



. 30 speed output fromthe rotary calculator unit C2. That is, the result
calculated in the first equation (1) is output fromthe subtracter 61' as
“the angle speed for the first ripple conponent. Therefore, all the ripple
conponents are elimnated at the angle g&peed output fromthe subtracter 61
35 The angl e speed output fromthe subtracter 61" is appl i ed as a first

eut put of the ratar alculato e cont de e 39,
and’i's appl 196 4 ket EdnRle G Mdaress o S R Pl R oP i,

angl e. The rphade ond jugter 049 ptid thet batpnltegnfattdme ©3/clies numhsr tgnixhe
drive devic ut pu I t t

rotation ané]‘éftﬁ%l{a%glscei s%eg%jg %ﬁeﬁr)’% Q(sfsgt g’fulf%ngé EL" t]% OUt rease as
the angl e spisshttdigetddat 58 ianck eadeslased aremepmlwaeoaztf at e yln;mtt he
torque cg §&! Ca“éé&ﬁraé ué@grtal}:ﬁwﬁm%mﬂuﬂ‘ f‘lé?Qqh{é) lu%?uz:?’ofsﬂle hat no
abnor mal “vi brati ohs dcconpa e i ncrease 1'n angle or ‘torque

ri ppl es whersine @a@telasmeoﬁ&‘p sbxcmtednusmla‘tegeqmm,t el mmltmlm A 10 of

th t |l 3 t

ah ch_ ol oselSFe) | EEPLICE nI GdifPils Be Gaifl BhiRsBlertr 08 POl
the target amg‘l’—wl’epefedﬂ@/@ﬂglﬁ I%Paee?adﬁe§ciero47b handngl sukpeagter ¢he

pul I ey 37 a'@?l@ﬁ%ﬁ?ﬁ? (ﬁ%%héaagt%;ﬁ% JfLRé )ﬁuﬂ:%ﬁiéf Wfféml:%ér']@ﬁ%@é to

standby 15 status IS case torque co val ue of e torque
command 1@al cef d&the a@Bllﬁa§P?ﬁé dateetem $howThen phRse adjusteespdndilg) to

the differenty@e ‘éﬁlrﬁ%?exo 'Pxemﬁli%‘iglﬁékt 510 & E:J&ex?’)sa ,PHhdeRE 4 {ife

rotation informtion of erotor rotatlon axl s ISIn ut- directly

fromthe rot@@iCHRER¥ ér5 tagetier forma W%ﬁ#’(ﬂa]dgé‘f%&lé@oﬁsc? n a

conven{ I gnal ?Epa{ﬂ@ﬁot@ﬁybh@g%&ﬁ‘t@rﬁﬁﬁﬁ.{t2)* chh Eéeg-,r ﬁ%c?ﬁﬁﬁ.&:n dngpées are
enerated I n e tor e conmgn as sno e Tre

Aol 1 tude ofAeHECTPhABST ABr RS ARGY WEHGh SDCSRIRE 8the 08 LR 4 or

r ot afji ?nsai(:eoxgﬁrt@sng nCllié&S@fbf&'O o f St Xi oty M@E@Wﬁaﬁnﬁs ¢he .ﬂigg:c e

spee I nNa ecrease n [ P In_t t ot e co n rom

Soro unt T (KBATS AITHREE TS DA RRduats HpTRss aRGLe Shbha STiRthance

may be exci ted tdie auwpe signhileqfietloy rdtatm:symtgam demaembed430 tant he

LAY ol eClidde Ll i cNILdds T ERENANERuL b SN ELL Sfal et bp gy em

when the rotdT Tota |on axi s reaches Speci he” syst em
gener at es notgethadoviputit pénhehiroit azrdeonp angde a!elb,emgl-ﬁ'g, t®d sheesystem

tsell 20T GEENEALAR 55 aNh 6T £ASGS Nond Shidbid | HioRTchOCadier o 35, he

rigidity of e overall systemco I sing the rotar ectric mptor 11 is
i ncreased t @@%F@écpﬂétﬁés%ﬁéﬁéé’aﬂr‘@ﬁ&ﬁsﬁ ln%@\é’@éﬂefsﬁ‘ AdnRAJUSEeHNng

material s ansh r ajifen Q:ﬁflt&ﬁtpﬁlaafsﬁ thel duitpated £t ehén§iﬁé5@a1$‘@1&té& By of
the system the resuylt Ellan I pcrease_in the cost he ver .l system

connected t PY AP POILFLaBLEIF 1R RPYLtiRLiey %nf" myltipdipsithe G 4,
this enbodi nemtplasonabed paliasadjusbert BT qusy tiiﬂﬁoutput of the rotary

25 calculator unit C2, and a subtracter 61' which subtracts the
output of the multiplier 59' from the output of the rotary
calculator unit €2, and an integrator 63' which integrates
the angle speed comprising the output of the subtracter 61°'.
The phase adjuster 49', the adder 53', and the sine calculator

30 55' together form a trigonometrical calculator C3’.

To facilitate understanding, the speed control device
39 and thedrivedevice 43 willbeexplained. Thespeedcontrol
device 39 comprises an angle speed target pattern generator
65 which outputs an angle speed target pattern to be followed

35 by the angle speed of the rotor rotation axis 13, and a torque
command calculator 67 which calculates a torque command value

for the rotation speed of the rotor rotation axis 13 to chase



.5 'consequent | y has no problem of increased cost. Incidentally, although
rotary detector of the first enbodi nent conprises the resolver 15, there
-are no restrictions on its constitution and various nodifications are

possi bl e. For exanple, a generator whichllobtains an output 10 voltage
proportionate to the angle speed of the rotation input axis 17 is equally
accept abl e. L%q%{/gy ough i heer. e not or
11 is transntﬁtllte tﬁgt?%{rgté‘%nb:a%%%%hﬁl}%gug |utt qg tglheg%ﬂila ¢ ?on

i nput axis 17argeg spelbeernogenerlpa‘yoreé5 randi bhetanghe speedfoutput ométu on
15 transmtt h [ [ owWn way of
exanple in #}E‘ig %{HBE gGrfy S)e% ].%t r%{}r% %%1%1%&%’%3?{‘?2 gg optﬁea
encoder wher@trihve @Q\ricge qcﬁatqoemrlts@%ua equikeriterepPawbich gonvexes at ound
the end @f t &Pt ti: 8 ment 81
cont ai ned i PotEE o Ehe tRPeBtbRada UL RE foltr i WL HERORFITE
the rotati onf’:"é)‘t1 anhinver e 7andighinrnss theda powar Sremithesepnvertent ar y
encoder Vi a g9 {PbhePuts %‘é%&éwﬂmﬂﬁé& tq&rawpﬁuwe e wés Fﬁég Giodi ment
2 25 Subsequently, a second enbodi nent of thisinvent ion wll Dbe explained
with referentlet5otars. 6ée§ﬁalg mp{orhd 1f e@@r@’ﬁ?@dumrq%éﬂmtputs si gnal

of the rotaryqale¢gTéRE tHitheCokguB’ S6MRERA WYL EdE Ha%te%f Bncﬁhé%@ﬁp@@ units
C2 and C2' WhICh are provided i'n series. However here are 30

restri cllonsPHntRctorase coammare e ieulater of 7 r%‘t%r?h%a‘P‘éEP‘a'@ i oh UNPt s,

whi ch nmay bem@égfae@lrlaaaccormrm@duértm ¢ SSs oA fﬂelxtg pé’rlufle
conponent in the naI pu t he_rot ar]%j/Y detectar,. [For ex

rotary det ec?%?t erC173 (‘f’ gra Pt re‘rﬁ?tﬂ:ﬁelflg?-“ignéf‘géﬁ }Eﬁs?‘he 115

35 there is ow ﬂa@c&tﬂtguwlﬁ m&mhecaumdnhychmeunéﬁoromtQﬁdomli@r
hand, when the IS ba%lé }1“ thghr ot at {,90 transmtt
he®

conprising a-® WT‘\%I &Pras® phaes- ph FBEALTLEEER ér%%r’f %%’(‘:%’F?ita'}f&% with
t he tordbe diheddesireni ﬂdxqumuarsupﬂabremtb MteomothryV%EecthECnmgtatsr ve

| oad of the yptary gltgxwls%og})L8EF}%ne?%ewhicﬁn ‘f%pf{ggthgogﬁf%g%ﬁ}é the

r ot or rotatlng axis 1 ion War daxi's coreé ns5in
conpl i ance w<¢lcunrendi ke ie u:h@amggaletveri@mt@aclll&mebwénanhe \axtls core

of the rOtordl‘th@ﬁhIS'Stai‘i:&n gnﬁl{.ﬁe axh§1& 0L %j?_h g1 14 connected to an

uni |l lustrated rotat axl's e ro ary” encoder wher eby the anplitude
of the ripple conpbh FPE@FM&-’E%%GC‘}QI duckhg speed contgodr devarewddi or 10

unit C22% shonk deqwsed a@vgeewmrth%eeoaem?é@déﬂlf&t fhelShersefiapd e of

changi ng t he d ust phase val ue by usin ositive, and negative codes of the
out put of t iR %Ydﬁ% 15| PR R 67 0W R inglerRRRSR1AF BIWer
capabl e of dg1 ectmgdmaemye,rmthémc:ekldtatmmmdwreﬁta_laqrrdafltrt@s axis

core 15 and chan the ) enent ar I rrespondi ng_anmount .

FIGS. 8 and Eegﬂ n Je%?rﬁ algs g dgﬁ’ %}ﬂ‘?m:ﬁ}neﬁ'r%r?%? yPREFE Ul at or
unit C2 " covpthsesaa tdiemsetady edieert rA® motor 14 agad bhadjorsirgrdétector, and
a code ggteryrining unit 89 which inputs the signal fromthe torque command

20 cal culator® 67 and determi nes whether it is negative or positive. The
code determ ning Whsamentlyi sthe oherphies afj ddieerrogiry, defedtant puts

predet o i negl )41 4 BGREHBLYERoEREL 9 HSHIRT. LiE) U Bl Blndde

torque comuand ca at or IS positive or negative
force in the When the device is in standby (that 1is, when the

three-phase alternating power 41 and the sllngle—phase ac power
30 77 are injected and the rotary detector 1, the speed control
device 39, and the drive device 43 are in operation status
but the angle speed target pattern generator 65 is outputting
zero), the rotor rotation axis 13 maintains an angle speed
of zero. Eventually, when the angle speed target pattern
35 generator 65 generates a mount-shaped pattern, such as that
shown for example in FIG. 3, and the target angle speed starts

to increase, the torque command calculator 67 calculates the



25 gravitational direction warps the axis core of the rotor rotating axis
13, the gain of the gain adjuster 57 ~ ~ is increased or reduced based on
“the output of an external force detecting unit 93, and the gain is adjusted
to a value equal to the anplitude of thaZirst ripple conponent described
above. The 30 external force detecting unit 93 conprises four load cells

91, which ar rovi ded between an upillustrated flqor surface and the four
corners of t ‘e’P%%EeC%“%{H% Vﬂ“p%t“vgr?t%a%%?gﬁg%y i(%g‘ea&Q,BF‘aXn‘é CGFF+C 1t he
force in themgtaviltilabhasedond: e priesentaatgbe speedrothé o rcabtat bbor unit
95 whi ch cal t 35 the external farce in the ,gravtational direction
fromthe out %%tkg g? ?‘g%plf%a%%ﬁr}%e ﬁ‘ﬁ"i%c%% al o%‘gg aaech ﬁPB?éuni t
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t he error erThen, Eqgafining @ngle centrollber §&icomfrdlethed i imgrbarglgai n
multiplier 5.51.i0 & t c u uni f urse sef._to 1.
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t he phase adfhetterqee specifitedybyethenbemmgadnvalhej pandrtbé, outiputidder
53, and the g§j I 0 i | I this
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and secdfi ekbof mepredetpemined ryotht ton ispeednat stieCtomqueCsppcafied

adj acent 10 pher hotHmmd Ydld.ONTHNhSs (Wfy, Che to2dteCqenerhted Sy

together formthe overall rotary 15 detector” 1, but there’are no

restrictionstB ¥okaxy @lardteihaates diloAtastst He rahals thet pulilel 3hit s

and rotary cghQUtRél POtYRI F8tatfSnSheWs K. FIGS . 10 and 11 , the rotary
calculator unit C2 ma i,ncorporated in the speed control device 39 and

be
the drive device 4'§].‘e}épﬁé‘§1f3ﬁé3 the &oferirt aplomaxigddikekrapsRitbedangl e

i nf or matlison, vifemdirpttatibnt beahish@t ¥ ifghend 81O aHAi thEdtatidpuinyhe t he
i ntegrator 63’ he f ptrol l.er e rotary cal cul ator

_ _ 3.tozt %@inganlec?_ 73 . Th
unit 2" is aBESuildatRerBe LERRLVEReIPrr 2Rd, ERRI QUEBRbOKRAEAEEUREGERS t he
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are no restrigidedrtdchbaipd sgcdaled £FolVetdifp1O! T yifELLEARP atEPT
exanpl e, 35 the detected device may be a rotor, a power generator, a_ linear
[

mot or whi ch 9%8e% 1idEar yAE bRt Mg o SRPePRERUE HRLYage Qfatbe FdgBalby a
novabl e el enppbcs fompEEleontaias ot £1tHP @HPI® and a second ripple for

25 the reasons described above.
With respect to the rotation angle obtained by the
rotation angle detector 45, the cycle number gain multiplier
51 multiplies the number of ripple cycles in one rotation
of the rotor rotation axis 13 by, in this example, four, and
30 the adder 53 adds to this the predetermined phase angle of
the phase adjuster 49 and inputs it to the sine calculator
55, which calculates a sine value of the value output from
the adder 53. The gain adjuster 57 multiplies the output of
the sine calculator 55 by a predetermined gain, and the
35 multiplier 59 multiplies the output of the gain adjuster 57
by the angle speed fromthe angle speed detector 47. Theoutput
of the multiplier 59 and the angle speed from the angle speed



. 18In addition to the above, various other nodifications may be nmade wthin
the scope of the invention. As described above, according to the rotary
~detector of this invention, the ripple conponent in an output signal 5
caused by the rotary detector itself cad3be greatly reduced, making it

possi ble to reduce torque ripples of an electric notor and various types of

actuators . gepetebed PYrL GBI L8 IA8LEJREEELL Uinenddih L dg! ease

u
the control perfornmance © ese actuators. arthetr, sic or que
ri ppl e causetheyutpuy etfathedenktiplienii9 daombthel ouwipat ek the segbees
easier toid ' S ,of [ S y r rs.
Further, si n%@é%%}eéeg%%ﬁ:&?u ??bﬁ%§s£§%8¥ﬁg erc%?!éa%ytgg'lté Zlc (#r% ?Jgitt?l%c]é%@%}
det ermi ned bgahcelapbe walt W2t i Ghatt s dwiikh r&sprdtcbattbé devatisnof the

act uat of scanae il A4d £ <BRA4IIPLRLGRANoL 20+ 08 s hHGR) 5 M GONEL,y o1 NCe

the ripple conponent can be're Irrespective o rof ating speed of
t he det ect edc@bontatedhanpbei eavatinn r(dl)i dis Iqutpwdf firam rither yotrect or

unit 20 can bg1t@ta€ER it c2 AN dne1@-SbMER. | Sthdrefofo! ¥he H6EERE O
oy 7

conprising: a,rotary detector unit tects rotary notion of a rotor;
and a rot ar yrtRPL@CAMPpONgnY ig sipmidiatedatdiie poglenypecd ouspusr frewmi ch

detects the fpéatbPArgNGALc@iafer dufPtOofz. and an angl e speed detector which
detects the angle speed of said _rotor, based on the output of said rotary
det ect ot Ouni t : The angle speed output from the rotary calculator unit

C2 is then input to the rotary calculator unit C2'. Here,
the rotation angle detector 45' comprising the integrator
integrates the angle speed and converts it to a rotation angle.
The phase adjuster 49' obtains a predetermined phase angle
15 corresponding to the initial phase angle of the first ripple
component, and the rotation angle detector 45' and the phase
adjuster 49' both output to the adder 53'. The cycle number
gain multiplier 51, provided between the rotation angle
detector 45' and the adder 53', is not provided in the rotary
20 calculator unit C2 because the first ripple component to be
eliminated is in synchronism with the rotor axis of rotation.
The sinecalculator55' calculates asinevalue for therotation
angle output by the adder 53', and the gain adjuster 57°
multiplies the value output from the sine calculator 55' by
25 a predetermined gain, corresponding to the amplitude of the
first ripple component. The multiplier 59' multiplies the
output from the gain adjuster 57' by the angle speed output
from the rotary calculator unit C2, and the subtracter 61°'
subtracts the output of the multiplier 59' from the angle
30 speed output from the rotary calculator unit C2. That is,
the result calculated in the first equation (1) is output
from the subtracter 61' as the angle speed for the first ripple
component. Therefore, all the ripple components are
eliminated at the angle speed output from the subtracter 61°'.
35 The angle speed output from the subtracter 61' is applied
as a first output of the rotary calculator unit C2' to the

speed control device 39, and is applied to the integrator



. said rotary calculator unit is characterized by conprising: a
trigononetrical cal culator which calculates a sine value or a cosine val ue
-of the rotation angle detected by said rotary detector; a gain adjuster
which nmultiplies the sine value or the &dsine value, cal culated by said
trigonometrical calculator, by a predeternined gain; a nultiplier whi ch

mul tiplies the, Oélﬁci)l.gorgj Itstaédj tg)al ltlj_to %he -ﬂ"éﬁ#% safgﬂ‘gl e

speed detector; and a su cter tra s the o

mul tiplier f¢@trpmhe°f)ut1p©tl@temtblan@3 b sfpemld'ét@@:t‘die ervrﬁedemca@y
detector as SCLI I mel ai I ég# Ftor q

conpri si ng dﬂghgéegggjth 5 gﬁth%hF%ﬁkrégusts t%é ase of the ro ation

angl e, det ecr@tlabyonaamgl©t@md oan@kglﬁp@@de@fdrhe 3:otqlt'1er¢mmcyn dexb®t or as
described im O gidassad iy %‘hﬁl@etspﬁhﬂrtHP?EtCQE\rPﬁ%Si&?r §§O|é’ﬁ<§ whi ch
creates an out put In accordance e rotation angl e sal fOtO

The rotary derecinputagcausstebydte the sprgue conmprdcalrudatan 67 andt
conprising a B FRih0 rvxsph&laoaukew& rd30L5 3R ABHAIANCH; dbidhe angle
speed of sai otor e rotar etec or as describ ailm1l, said
rotary 20 @%@@BPWYW ttl'tﬁ)ﬁrﬂf-‘ll-’@laﬁg 4R %&@Wmﬁ%‘ﬁ@ﬁﬂé@ BEPRLEHUL i N
accordance Wkén it éﬂ?%'élt&béﬁ%ec&ﬁs'é&h@ ra@eogenératéaen{ eh@' yugphect or

as described in Caim said rotary det ect or unit eln? provi ded separate
from sait r REr{he AMAEE Flenhinic motare Ilgt angl Bheekndle¥s3deketabed i n

Caiml, saightelan 1@%?@@30%1&5%&16%1 fo BPbviks thleddNgLalspeled aryett . 8.
The rotary detectorgas escribed in Cla?21 sai d rota? gﬁ#iulato? unit
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of FIG. 3), but when the rotation information of the rotor
20 rotation axis 13 is input directly from the rotary detector
unit Cl1 to the speed control device 39 as in a conventional
apparatus, as the angle speed of FIG. 3 increases, ripples
are generated in the torque command, as shown in FIG. 5. The
frequency and amplitude of the ripples increase until the
25 angle speed of the rotor rotation axis 13 has increased to
itsmaximum, and disappear as theangle speed finally decreases.
When there are ripples in the torque command from zero until
the frequency when operating at maximum angle speed, resonance
may be excited at a specific frequency in the system connected
30 to the rotary electric motor 11. While resonance is being
excited in the system, when the rotor rotation axis 13 reaches
a specific angle speed, the system generates noise and
vibrations which are potentially damaging to the system itself.
To prevent this and increase the reliability of the system,
35 the rigidity of the overall system comprising the rotary
electricmotor 11 is increased toraise the resonance frequency.

However, since very strong materials and reinforcements are



11. The rotary detector as described in Cdaim1, said rotation angle
detector conprising an integrator which obtains a rotation angle by
“integrating the output of said angle speed detector. 12 . The rotary
detector as described in Caim1, said tbtary calculation unit conprising
an integrator for integrating said angle speed output cuo"t 13 . The rotary

detector as glesedd basl ik a@gént’lh.? Wiﬂrf £ tifet G AlHe Widult

outputting a rotation angle si ces the rippl e conponent of
sai d rotati ok aﬁﬁgIlélcr@(@@%ﬁnaﬁglee%ﬁée@lfsT-}g‘haFPVQ\)Fﬁ1311 gy cqmeqtashl e

conponent ofsaik FRAFHoRARE L% mbRSr QUar YIASLSRt PasEy ASSERRE N

Caim1l, said rotary cal'cul ator unit being provided in series in a
plurality off1@vets this emkodineny hag aq oripplefeskt ithal 1or@e MM said

phase adgustddigs oy Nvd b ap,mwéy, idty Hordtidisd qwse val ues, and

sel ectively outputtingone of said plurality of adjust phase values I n
accordance with a kngiglantaddy ofalddianghigtarys, deﬂﬁ-?"r‘b‘f a5 the ekt as

described i nefhd fidnt SR dedj il | NLSEIGHd10N MRS VitKeS@i thre no
predeterm ned gain in accordance with external power in the gravitational

direction ack$Hgr WLt INS (B ditsr GPAELSRULLPE BRAVR¥LPRS glodifications
Af . AL. AF. f8rdBos i K1 &Y. AbrSxafip18, & déneritdr vh ool A3ndan AT

O + <3AbPur THRMTS PERPOSFaNEkP A EAF RALA BRTELPEREFEAPEPEAT b a] ca] o
aJ] é};&;@kﬂ?}”ﬁfﬂﬁ% cedqwanl )] 8éeépseahTa] Furyiddfore, although the
e o YIRS R R A e SREREYc SESFEAFPERF ch] ol hngmisted oY
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ca] ca] capcaVixandiM g aniy] chv¥hddjlheaxbtation input axis 17. As shown
V] c"a] ca] Ca]t?ﬁ‘sﬁa@%@éﬁé[ﬁﬁf@l@ ’%‘(I@.O@%lfylfg%ary detector unit Cl may
comprise an optical encoder wherein a stripe pattern 79 at
equal intervals is provided around theendof therotorrotation
axis 13, and is read by an optical element 81 contained in
20 a signal processor 23'. Alternatively, as shown in FIG. 7,
the rotation of the rotor rotation axis 13 can be transmitted
to arotaryencoderviaarotationtransmittingunit comprising
a roller 85.
Embodiment 2
25 Subsequently, a second embodiment of this inventionwill
be explained with reference to FIGS. 8 and 9.
In the first embodiment, the output signal of the rotary
detector unit C1 is processed by the rotary calculation units
C2 and C2', which are provided in series. However, there are
30 no restrictions on the number and constitution of rotary
calculation units, which may be modified in accordance with
the features of the ripple component in the signal output
by the rotary detector. For example, in a rotary detector
unit C1' comprising a rotary encoder 87 instead of the jl5,
35 there is no second ripple component caused by the j15. On
the other hand, when there is backlash in the rotation

transmitting unit 19 comprising a coupling, the adjust phase
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- the rotary encoder 87, whereby the amplitude of the ripple
component fluctuates. In such a case, a rotary calculator
10 unit C2'' should be used which comprises a phase adjuster
49'' capable of changing the adjust phase value by using
positive and negative codes of the output of the torque command
calculator 67, and a gain adjuster 57'' capable of detecting
the external force in'the warp direction of the axis core
15 andchanging the supplementary gain by a corresponding amount.
FIGS. 8 and 9 shows an example of such an embodiment.

The rotary calculator unit C2'' comprises a phase
adjuster 49'', a gain adjuster 57'', and a code determining
unit 89 which inputs the signal from the torque command

20 calculator 67 anddetermines whether it is negativeorpositive.
The code determining unit 89 outputs to the phase adjuster
49'', which outputs predetermined initial phase values based
on whether the output of the torque command calculator 67
is positive or negative. When an external force in the

25 gravitational direction warps the axis core of the rotor
rotatingaxis13, thegainofthegainadjuster57'' is increased
or reduced based on the output of an external force detecting
unit 93, and the gain is adjusted to a value equal to the
amplitude of the first ripple component described above. The

30 external force detecting unit 93 comprises four load cells
91, which are provided between an unillustrated floor surface
and the four corners of the base 29 and output voltage signals
in accordance with the force in the gravitational direction,
and an external force calculator unit 95 which calculates

35 the external force in the gravitational direction from the
outputs of the load cells 91; the external force calculator

unit 95 outputs a calculation of the external force. That
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A third embodlment of this invention wil

be explalned
with reference to FIGS. 10 and 11.

Inthe first andsecondembodiments, therotarydetection
units (Cl and Cl') are adjacént to the rotary calculation
units (C2, C2', andC2' '), and together formthe overall rotary

15 detector 1, but there are no restrictions on the distance
and positions of the rotary detection units and rotary
calculation units. As shown in FIGS. 10 and 11, the rotary
calculator unit C2 may be incorporated in the speed control
device 39 and the drive device 43. Since the drive device

20 43’ requires rotation angle information, the output of the
rotary calculator unit C2 is input via the integrator 63'
to the firing angle controller 73. The rotarycalculatorunit
C2' is not used here, since the first ripple component caused
by the rotary transmitting unit is negligible. In this

25 embodiment, the rotary detector unit C1 may be installed in
the rotary electricmotor 11, achieving an advantage of simple
installation.

In the embodiments described above, the rotary'
calculation units C2, C2', and C2'' are analog calculation

30 systems, but the constitution is not restricted to analog
calculation and digital calculation is acceptable.

In the embodiments described above, the detected device
is a rotary electric motor, but there are no restrictions
on the device detected by the rotary detector. For example,

35 thedetected devicemay be a rotor, a power generator, a linear
motor which uses a rotary encoder toconvert a linear distance

moved by a movable element via wheels to a rotation angle.
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detector unit canbe eliminated, it becomes easier to identify
the causes of torque ripples caused by other factors.

Further, since theoutput ripples of the rotary detector
unit can be determined by a simple calculation, the drive

15 and control devices of the actuator can be simplified and
their cost can be reduced.

Moreover, since the ripple component can be reduced
irrespective of the rotating speed of the detected device,
the precision and reliability of the rotary detector unit

20 can be increased.
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unit;
said rotary calculator unit is characterized by
comprising:

a trigonometrical calculator which calculates a sine
value or a cosine value of the rotation angle detected by
said rotary detector;

a gain adjuster which multiplies the sine value or the
cosine value, calculated by said trigonometrical calculator,
by a predetermined gain;

a multiplier which multiplies the output of said gain
adjuster by the output of said angle speed detector; and

a subtracter which subtracts the output of said
multiplier from the output of said angle speed detector.

2. The rotary detector as described in Claim 1, said
trigonometrical calculator comprising a phase adjusting unit
which adjusts the phase of the rotation angle, detected by
said rotation angle detector.

3. The rotary detector as described inClaim 1, said rotary
detector unit comprising a resolver which creates an output
in accordance with the rotation angle of said rotor.

4. The rotary detector as described inClaim 1, said rotary
detector unit comprising a generator which outputs a voltage

in accordance with the angle speed of said rotor.

5. The rotary detector as described in Claim 1, said rotary
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6. The rotary detector as described inClaim 1, said rotary
detector unit being provided separate from said rotary
calculator unit.

7. The rotary detector as described in Claim 1, said rotary
detector unit housing said rotary calculator unit.

8. The rotary detector as described in Claim 1, said rotary
calculator unit comprising a unit for reducing a ripple
component of said angle speed.

9. The rotary detector as described in Claim 1, said rotary
calculator unit calculating an angle speed wq,: by calculating
Wout = ® (1 - G - sin (n6 + W)

where Orepresents the rotation angle, G represents the
gain of the gain adjusting section, Wrepresents the adjust
phase value of the phase adjusting section, and n represents
the number of ripple of ripple cycles in the output of said

rotary angle detector in one rotation of said rotor.

10. The rotary detector as described in Claim 1, said rotary
calculator unit comprising a unit for reducing a ripple

component of said rotation angle.

11. The rotary detector as described in Claim 1, said
rotationangledetectorcomprisingan integratorwhichobtains
a rotation angle by integrating the output of said angle speed
detector.

12. The rotary detector as described in Claim 1, said rotary
calculation unit comprising an integrator for integrating

said angle speed output weut-

13. The rotary detector as described in Claim 1, said rotary
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angle speed.

14. The rotary detector as described in Claim 1, said rotary
calculator unit being provided in series in a plurality of
levels.

15. The rotary detector as described in Claim 2, said phase
adjusting section having a plurality of adjust phase values,
and selectively outputting one of said plurality of adjust

phase values in accordance with a torque code of said rotor.

16. The rotary detector as described in Claim 1, said gain
adjusting section varying said predetermined gain in
accordance with external power in the gravitational direction
acting on the rotor rotation axis of said rotor.



