6 Apl‘l | 2005 ROTARY DETECTOR BACKGROUND OF THE I NVENTION Field of the
| nvention 5 The present invention relates to a rotary detector whitchprik2(ps

‘reduce the torque ripple of a rotor and the like by reducing the ripple

conponent of an output signal. Description of the Related Art The out put

torque of a notor generally contains ripples. 10 Since torque ripples are
caused by speed irreqgul ariti es an®#OTABYiI DE@RArOHI spl acenent of the support
notor, they adversely affect the processing precision in, for exanple, an

. NC (nunerical control) apparatus, and spoil the snoothness of an el evator

ride by increasing carriageBaREEGROYNDIBFWIBE GNVENTIOY this type of torque

ripple, the tqrquye Sl ltpgl ?n@ﬁtgﬁn' nternal, arising in the notor main body
conprising a rnal, arising in a rotary detecting

sensor. Internal t thweﬁremnv¢meMEe\laths tor 2oty détertmt einich at or

and a rotor, %ﬁ%ﬁl{dé ﬁét% ngiuféerfé%idé%%r P&E5E g &@igﬂefﬂfﬂggﬁﬁi’ng

magneti c flel I nsi assenbl’y precisio
decel erator. thﬁnylP@éﬁvGﬁmPQnantneihédsOhapetbaegnpl@posed for reducing

torque r|ppb@gcggggggnfggnghetxggatgﬁrAE{anple Japanese Pat ent
Application ; rque rlggle 25 generated by a
decel erator, and c@PeQuiPsd FoXrEie 6§td Beter grakraldymentannssy ippbaad )

where Ai® t @Qn&@r%ﬁqlﬁé %.;%Jlaéy %%@@Qﬁsea%f"s (el ihee ﬂgh%ﬁ&egoél?&' on of

t he decel erator, and IS the initial phase; |n synchronismw th t
rotation cyc PQSJ-BFOPPI@ q?ﬂ'itfélrac@!ﬁ%t SEGHRE SUPPPEE MOFRAS d‘—hﬁYda‘é‘d@Pé"aPleb t he

30 target toawaceorﬂwdpré&@émgcg@eehsmgnt he ! ofSHeckipphe, alAnpanese
Pat ent Application.No, 11-299 roposes storing . .the correl ation between

the torque riPPPETARAL FRNGH é pa %ﬁ%ﬁndﬂ“%ﬁPPHé rBEoFMPATANGEFRY
appar atus, readehgvatber gige bypmheréaéiﬁgp@aﬁrﬂggéOShaﬁlﬁggle of rotation

i ppl'e PoF i on Tr OMERGIS SIS STk BT A O, e FCgFe’ FPBpFEeiit the

| atter type rhpphe metyatbenifitérApli| a2d@85ng in the motor main body

comprising an accelerator, or external, arising in a rotary

detecting sensor. Internal torque arises from the work

precision of a motor stator and a rotor, eccentricity of the

20 rotor bearing, a high-frequency magnetic field inside the

motor, and the assembly precision of the decelerator. Many

 conventional methods have been proposed for reducing torque

ripples of the former type. For example, Japanese Patent

Application No. 7-129251 centers on the torque ripple

25 generatedby adecelerator, and calculates a correctionsignal

Tcomp (=A - sin (0 + 41 ) whereA is the torque ripple adjustment

gain, 0is the angle of rotation of the decelerator, and &l

is the initial phase; in synchronism with the rotation dycle

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

30 target torgue 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




det-ecting sensor nentioned above appear as notor torque ripples, the -
ri ppl e probl em can usually be reduced by apglying a control neth&dAprdohs
as the one described above, in the apparatus which controls the notor.

However, when tfietechphgs sensor amtReibrivg tMovaIkppehy' %atﬂn&ibxbﬁ't&eque
e

detected in the,; t | ue of the rotation deteCting sensor, t
anplitude of tﬁ%ﬂ?‘li%%f ggl%bg %PFQPQQF“?‘?P BeBpdlyiksreduend hycaplying
angl e speed, |eadtoRtrael angtbodenstdintas tthe OB désPLased! £hote, | ifraase
t he angl e spee | n _controlling 10 the torque of the notor
and the rotati E)]lanlg épeeg; ?ﬁ?gﬂﬂggfish%WBFﬂgus hpwensr okherdheorippies
a]E)par aE usI aﬁdt | HET é&'@h&ﬁl{@ dgthne dostamgle hef tmﬁnc}ts.tfélmg fﬂﬁt%@iyed am/?ﬂ%(ﬁt y
of control nethags, e . N control l er” and driver, o e
rotating machine 15 ?glc%neferﬁl%g%gﬁg}c%?ﬁr %M%F?Pspﬁ'aﬂh‘ét%tuﬂ?
ensure that a r9fpthe ripphescbeponesidesrgut inepoopostionqte thelctectad

. speed irregul argddiesspe p | | Lch the rotary detegtQr is
installed in. F(;ir(j t hlsg ?Eeiag%%é,)&%%%c%]ﬁ%ﬁf%fm@ﬁ% a?ﬁ%%q%?s Hﬂ@qﬁﬁ’%’(]ieng
machi ne become WoABFERasgotheverghy speed cfeatiddk yaing whear easitiolliag
cost. -Furilther mpectoirfuadsy t¢ ' €Sy ] out put of the rotar
detector, torque ri%gmes in al%pe ec?[fr ?ghrr?)l?(é)&ﬁ%r%boﬁ st]-cr?oesée’ thase gf’gésby
assenbly preci 8Pof3fMPNE Buzderranotheprontrel ngpppratisi andofintiteasesor -

mai n body, hi gbhéreostensy angngﬂ',grgéugiel ds and the like, making it
difficult to determ ne the cause of the ripples in the output of the .
rotary detector, ard® Jdkf MW nf ivarinky d?ﬁ?rﬂmréiml amettheds . h&xepten

mbodi nments of ieat d ' ' '
enbodi ment s ofapiEi el dnethei ComiYd DN AN égﬂ?er r&%'t%egoﬁﬁﬁiﬂgglﬁae%%e~

. Ci rcunst apges q_gscri bed .above, and aimto 30 provide a rotary

whi ch can Tedute TREREIG} &otary idateatonsr da an @miitampi tpeensure

irregul ariti eth#ft ancapplet dn, the Jutpift: Aol AbtN"BelBRAI 26: i‘%’ﬁ .{édrlﬁ.

rotary detectq 4 s ie@? alled i|1n' ., Sl n%%fg t he gplg?/er an p%n 'r%ﬁ St the

‘actuator, red(CE CBSEY EX§INlALities PE| Thei¥otsting machine whichdiieve

- the above obj a@ttaryt hietettoy idetiomitoilIRECOLA] NOFLR aKid SteashaS!t 1¥fe thi s

~invention co%rntﬁgil%rrgﬁ&rdyri%et eCIE%Ii'l unit which detects rotary notion 6
April 2005 e éro e rotating machine become complex,

20 lowering its reliability and increasing the cost.
Furthermore, in addition to ripples in the output of the rotary
detector, torque ripples in an electric motor include those
generated by assembly precisionof the decelerator, processing
precision of the motor main body, high-frequency magnetic

25 fields and the like, making it difficult to determine the
cause of the ripples in the output of the rotary detector,

and undermining its performance as a sensor.

Example embodiments of the present invention have been
realized based on the circumstances described above, and aim to
provide a rotary detector which can reduce output ripples,
eliminate torque ripples an 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

30




.of arotor; and a rotary calculator unit conprising a rotation angle,
detector, which detects the rotation angle of the rotor, and an &dpd 2005
speed detector which detects the angle speed of the rotor, based on the
output of the rotary detector unit. 5 Thé rotary calculator unit conprises
a trigononetrical calculator which calculates a sine value or a cosine

value of thef gtaiidd) andlerseisrtadchy athe dritbyngdet 8¢he s r8t8aidn
adj ust er whi t he cosi ne val e, cal cul ated

%ﬁg}élr%iglies t he sine val ue or : I

by the trigoff TP cHPAFBACHRF S Toe posdddamminele gaithe BORRT tipl i er
whi ch nul ti plainets atheneulepeheedl detecarnNwidcushetebY st BReOHRBYE Sheblie

angl e speed detector; agﬂ?sa%liubtracter whi ch subtracts the output of the

miltiplier ProhPeRetGF NN PRI REF NFeFRERBY d8AGHd PRito a

second aspectrhef idEaiypvealicanatbl tdieit 1Bomprak¥sdel egt0goabmbBeifal St

aspect, the tri.gononetrical . calculator conprises a phase adjusting unit
Wn!o.ch adj ust?a]%li‘g' §s§’%6?ht ﬂgi?'ﬂ) atey P a%?%;vatjé%ee@treé BG{SLRE Y3t4¢i on

angl e det ect of. theqariditigr angléhigtbAsnedy tie bt arvedtéOfor i §hen 20
detector unit copprises a

t det ectar. of the first t, t.he rot
resol ver whi B OPESESM L BHLEAP LIRS UG FdBRCEALUF OF TR SORAA BALARGl e of
'Ejhe rotor.fAcadlc]ccli!ltagetio dyf ou:rl%eh asnnﬁ;ﬁt ncﬁf(ijei%ﬁ‘mid]nvejgl;[mz%ﬁdr; hebyroaary
et ect or rst .aspe e rotary. detector u rises, a
Coner ar O\ PRt FRR n | Aol P80 SELRSL il 01 585 CHIPOLEER
the rotor. Aocéorlk gginadyjustierhbashectuigfut bé iltwenylemspeaen déeectat ary
detector of LAR {ifslASREC!yn 1P SLBLALK AR ECLOL N b FOTRLI 565 A,
| With the rota

~encoder which creates an outpu n accordance on angl e
“of the rotor framcéhgi pytpotacEi khh anpdet speedhdetavbarion, in the rotary

‘detector of the fiE\é&o%&@ﬁ@ttota"'%e&%hﬁ_r¥59§&€C‘59-rtﬁg]iitnvein%igrnc’)v.fl%g:g%%ct of

~separate fromthe rotary calculator unit. According to a seventh
the i nveht i oROtREYt Hetegtorordr hgetidatsdy afpedie fihettnigeremethicabt ary

detector uni talbausesrt BempPtaLY¥ gapaikat QﬂgﬂgfingAﬁﬁ% dR9ch 0a@fu St ght h
| as.pect of th%hlemf) gtsleog’f Ithet ?gtgtiAgrrll Lmé(l)g, detected by the rotation
angle detector.

According to a third aspect of the invention, in the

20 rotary detector of the first 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




.rotary detector of the first aspect, the rotary calculator wunit conprises
a unit for reducing a ripple conponent of the angle speed. Accor diAerit2003
ninth aspect of the invention, inthe 5 rotary detector of the first
aspect, the rotary calculator unit calcélates an angl e speed wont by
calculating wo"t =w (1 - G sin (nO+ W) where Oepresents the rotation

angl e, G reprosariysSdbiectdal & 0fhd hei Al RpEMST ikhe $8Ehk9NcalchepESsent s
the adjust 10 ,phase value of the phase_ adjusting section, and n represents

p
the nunber ofPAtppPRPEVERSL URIEhECHAFHIRC I ehelPBlaSPuRRRt 9t Bkeor in
one rotationaglylehepeetQr. According to a tenth aspect of the invention, in
"the rotary detector of the first aspect, the rotary cal culator, 15 unit

conprises a unit f8FCPESHBENEC & rMipte ERRTIn&Ht TEF tR¥SNF4PRri 6R BRI e.

Accor di ngs t o rataglyedenbbtaspeettd fihesd RwpRidtQntheNrotheyr @4 dey1gedect or
~of the first aspect, the rotation angle detector conprises an integrator
whi ch obt ai n§P&tr 6R&FNeAT2E aRgRBIDG FREEYr Wbin§Vt KEL1SWBHIDSF the angl e
speed detect gy,,, Aggofdingsto g, weld th wgpect of the invention, in the
rotary detector of the first aspect, the rotary calculator wunit conprises

p

an integrator for FAPEGIBESBILSSTE SAhBRIQidetP 800p6r ASIFPLSSSTIASCHR®i ng to
a thi [teent hgaspest e tdieid auqatsit?ﬂg iséc%:ibﬁ, rwtr@[pxe@@hftcélt @heOhdjlie: f i rﬁt
aspect, e ry. u ro_.uni ut put.s a rotation angl e si ic
Fefuces 10 PRESRNERESALRE mifhe s e heloaRh foh il B fef PRt oo
signal  whi ctheenumlesr tifer i pppé eyvcdgEonant hefouttipetan §l Ehes peedry38ndbe or di ng
to a fourteegth gﬁggcgnognghg_o}:gt{%;}ig?, hg rgjegrrot ary detector of the
first aspect, the rotary cal cul"ator uniF s provided in series in a
plurality of |evel3ccardondi by a ¢entih faspmeth ofspbet iovenhéonnvénttlom, in
the rotary debestoragfotbsy SSEYIL 3MER ashheDNERE f%agg' 891c3PaSSFL 1 0N

has a plurality of adjust phase val ues, and selective tputs one of the
pl ural i t45 of URAfFUEPMPHESRS BalBas For Rberidehaecr Wwple Lamrttcodetle t he

rotor. 5 6 Apbitht2885angle.

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 ®ou:.

25 According to a thirteenth aspect of the invention, in
therotarydetectorofthefirstaspect,therotarycalculator'
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.




According to a sixteenth aspect of the invention, in the rotary detector
of "the first aspect, the gain adjusting sestion varies the predet6e$mlr?él95
gain in accordance with external povver | n the graV| tat ional direction

acting on the 510l QAP S 0f SISl Sblece Bl BRLPLESLOcESAPLE

enbodi nents of the préesen |m nat € 't
conponent in tt‘ldl@mq:hﬁtr}oﬂeaecn:otcaoi ﬁheeﬁmt mgectandthpagaunuadnuytl-m

[LPPLe componered il il sy deRengERhetR IRCROLALLO P YRl Soflabde Ao ce

belng neasur e or unl cont al ns
plurality of rum@rmwwem in the gmxtmtai@a;buﬂ:mmﬂmmmtm eattlvel y

be elimnatgd ty &}E.P\%]Ml% I‘.Hgfé]_ a%l ﬂfne %0 calculators in

correspondence W t e ripples 15 represents the rotation
angl e of the de(\Rl@élQ?eIﬂrﬂf)det ect ed, the out put of a rotary detector unit

having a ripple with %Hﬁtﬂgl id %ﬂh@nt§ Sﬁn‘tﬁét %é@érﬁ e A QB AN e

detector to the rotation angle outg I"ow ng equation. 0=Qo-a
cos (n0o+$) Hechivelyepliminais & entaattl%cemene&t mn dhee ofpuds of 2 one

50} ?t ion of \Mt1 her@@:éﬁﬁi&%htﬂﬁr dﬁh?t:t aghd %%ﬁcﬁ%ﬂ?f@ﬁbs ripp 1e|e¢htpd>n@hase :
| erence en cnl e,rota ect or uni I CEé Dbeln
SEhRaAent A s SRtariene A7k of ohe eﬁgmsbb i3

detected. 1% th¥
when an angl e smedudetiewment tmﬂhﬁ‘ﬁtet elﬁtth@tﬁ&atr[vedeaéataronnxiangheams put

din(noosa)) | (S PIHRHIE ot br R aRan il th EUTBLEEOPEoBIRER Albnt

of the unit baseﬁeciftmel xhafplehmmamﬂjab oprovidedhe oplymalityBOofonetary

FeEC AT R TN SR T A e

-a n G 18 n(t’épresents dhenfotatjofSanghd@fsthe woripce being-ledetmi@d,/thﬁ
represents the angl e P Pledy GE¥AGBr°UM HViRY 4 rpple with an
amplitude of a is converted by a rotation angle detector to the
" rotation angle output gof the following equation.
0=0,-a * cos(nB,+¢) < s s (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 embodiments of the present invention, for example,

25 when an angle speed detector time-differentiates the rotation .

| angle output g the following angle speed output wis obtained.
0=d8,/dt(1+a - n * sin(nb,+¢)) - e - (3)

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

30 weut is expressed by substituting equations (2) and (3) for
equation (1) as follows
®Wout= dO,/dt(1-G+* sin(¥-a-*n"* cos (n90+¢)+n6°)

+a*n-sin(nb,+¢)
-a*n*G*sin(¥Y-a- n-* cos(nl,+¢)
35 + n0)sin(nb6.+¢)) s e = (4)
Here, d0, / dt represents the angle.speed of the device being
detected. '




5 10 6 April 2005 In equation (4), since the ripple anplitude is generally
small so that a <<1, when a trigononmetrical function is devel 0pe6Am1132005
nmear -1l i near formnear an angle of zero, the equation becones 0),,t=

do /dt(1-G * sin(WnQ ) +a - n - 6 - cos (T+nQ ) cos (nO ++) +a - n -
sin(nO ++) -a - n -IriGequAtiom-6t), sincects¢ ndpple ampldudd ng r@nﬂl)f)l@)
Assum ng a G h out ~ | ( ++)
) .(6) Equatloﬁﬂlali gaovi\:/glta)c 2 &Aiﬁnw}heﬂggls nﬁeg%ﬁﬁle%gcuagt |rlc(1)1r§1 C%?n 2%

set equal to tAEVEleped ti%naomelair nearofarm, ngsd ARealg ﬁd?ﬁs%erﬁhaﬂéeT can

be set equal t@qhaeldr{lbbtahlég‘lase dif ference ~, the output 0),ut of the
rotary calculator unit is eqyd4al to the angle speed dOO/ dt of the

detected dBvi agnucEndb et { ppe s(mrmyﬁram,)l n the output of the rotation
angl e detector unij an be el [Iqll,q rnmore, error between the
out put wout of thetaroglar?b &ﬁé 6|?°C1L?n (ﬁﬁﬂl?ﬁe angl e speed dOO / dt can
be determ ned frd&m Eguasiion{ f@&)+¢¥y err=co-dO-/dt =(a - n - sin(nQ ++)-G -
sin(nCo+T) )dO /dt a2y . (713 ich ¢ ndedtoe

=40, 1dt J(a2n2+G2- 23nGlosfi p® (g4, b Eb P bR $os(ip-0)) (8 The
~anplitude of the #r n@a)s,&nﬁmﬁa"dsbhcave function having*30 it(pbnly mini num
point at ggro wth hagafshgt 8. .f&r=c¥aPhén

: mout— de,/dt(1-G* sin(nl,+¥)
+ta*n-sin(nd,+¢)) e (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 phaseVY canbe set equal to the initial phasedifference
¢, the output we.: of the rotary calculator unit is egual to
the angle speed df, / dt of the detected device, and the ripple
component in the output of the rotation angle detector unit
can be eliminated. ,

20 Furthermore, error between the output Oout OF the rotary
calculator unit and the angle speed d0, / dt can be determined
from Equat:"mn (6) as
e r=m-db,/dt

=(a*n-sin(nb,+¢)-G* sin(nb,+¥))do,/dt

25 7 s e . (7)

which can be expanded to

Gsin(y -¢) )
an-Gcos(y -¢)
- e ( 8 )
The amplitudeof theerrore,, is aconcave functionhaving
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+¢d; the minimum value of zero can easily be determined
from appropriate vaiues for G and ¥. 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. ' '

e,y =d8, | dt)(a’n? +G* ~2anGeos(y~4)) % sin(nﬂ., +¢—tan™




a gain Gof between O to 2 an, and an adjust phase T of between -n++ to.,
a++; the mninmum val ue of zero can easily bezdeternmined from apprﬁ)éplrth@S
values for G.and T. Wen the proportion of ripples an and the initial
phase ~ are known in advance, 35 G and T should of course be set to their

~known val ues from tHe thestwa¥, StHE &crﬁw ile 20050 HNmichits B8Ythé herésaip! €
enbodi nent s of the resent aaﬁ:yl i% re a e to,.reduce he 0 i | es

of a rotary det egt tog \are. 388 £ RRIPEpEP ﬁﬁdogpgercp ar
irregularities |cheta|¢ta1:,t uadr camncha]&m aredtioe, tohgak ttipples amnd depeet:lor

talled b th
Sple conpus a bRt BE Sy Et‘?ﬁ*‘p‘” plcbRbS, $Blor MR Sy (e
for the act uat ordeigstor ISsilTﬁtBﬂfet dnanductser,ceindse thaV\eueplutAlsap[deck:aar

from Equation (R de ihba el Hﬂﬁg?fe c%}@:%ﬁitra‘ﬁoﬁ’of Egatzcﬂ'f(?n (;12 thiePpl €

conponent can be reduce |rres ective tation spe

det ect ed devi ce driNer desisg emel prentrebrdeavice efempthe t%/Ctltﬁtql‘neCErImt bey
- detector. BRI Eanlﬁ%i‘?BleBTaQH E5stTHn RO . BlsGs dldat Ardey BRRALIYA
vi ew of the ove of .a first enbodinent of this invention;

_ r constitution
FIG 2 is g bl oé@*d?"é@?%nt%%cﬁrﬁ"ﬁ’d“t%eoqe q eTZBRstitit PEROottheTipRIEY
enbodi ment 10F1 Geotnpenenpatdree deduced shedpurtihe drethé i Wtation 3—19eed

betvveentarget a n tLrTEJntheflr enbodi.nent; . FI.G |s a

pattern di agram Eﬂ%\ﬁ FREGSHe ekl €% utkes Bingote PEPCIRIOBoRIE-EE AP ENG

~tinme in the firef thetwtargndetedtb®& 5 is a pattern di agram show ng the
rel ationship between torque command value and time in a conventional

covice: 25 11 Cndfl bSSAREN 45; Yo SHIMNG 2,0 L1 catton of | the
showi ng anb5 her nodi f iFT®.i Dlis dpetbpeceliveyw Iey eftte btethR] ddBétitution
embodiment; Fl Q¢ & 185 AL UMt 0 s NI, constitution
FIG. 2 is a block diagram showing the overall
constitution of the first embodiment; |
FIG. 3 is a pattern diagram showing the relationship
20 Dbetween target angle speed and time in the first embodiment;
FIG. 4 is a pattern diagram showing the relationship
between torque command value and time in the first embodiment;
"FIG. 5 is a pattern diagram showing the relationship

between torque command value and time in a conventional device;
25 FIG. 6 is a perspective view showing a modification of’
' ..the rotary detector in the fixst embodiment;
FIG. 7 isaperspective viewshowinganother modification
of the rotary detector in the first embodiment;
FIG. 8 is a perspective view of the overall constitution
30 of a second embodiment of this invention;
FIG. 9 is a block diagram showing the overall
constitution of the second embodiment;
' FIG. 10 is aperspectiveviewof theoverall constitution
of a third embodiment of this invention;- and
35 FIG. 11 is a block diagram showing the overall
‘ constitution of the third embodiment.



. uni | | ust r at e§OL8E

.30 of a second enbodinment of this invention; FIG 9 is a block diagram
showi ng the overall constitution of the second enbodiment; FIG $\prd 2005
perspective view of the overall constitution of a third embodi ment of this
“invention; - and 35 FIG 11 is a bl ock diBagram show ng the overal
constitution of the third enbodinent. 6 April 2005 8 DESCRI PTI ON OF THE

PREFERRED EMBODI MENTS,p d¥008h 1N sy Ofpd NERiF SN ﬂﬁﬁﬁﬁgﬁﬁré’“ || be

explained in detail w ref erence
Enbodinent 1 5 A fEm§9déﬁﬁaaﬁﬁﬁhﬁh@fpr¢ﬁ%n¢ﬁm@ﬁmtg@nwwillbeeexplalmed wi th

reference to ikl @etalit Qitn E@fgkgﬁcelter‘th ESEﬁ@SHﬁn&OQ?a&uBgBI esent s

the overall rotary detector I1n a first enbo I men e"rotary detector 1
conprises a E8PRAYMEBEedtor unit C, and rotary calculator 10 units C2 and

C2'. The gotary dehef?h@ét 'éﬂxbbdgneﬂft &BIt%mg%ﬁ%%nléllﬁtbteagﬁggaoge& he

devi ce being detected, here conngSIng a rotor rotating axis
rotary el ect Fit& MSESFTERCeaRA E fpri de§0 d-resol ver 15 which outputs a

vol tage proportionaheries.thand® r@éﬁéreﬂcér&%% PEebP_@séHEQrtHé)S%fol axis
13, a rotation lnguéeBaXIs 17 which is djrectl y connected to an

CtPe IbSoELEFt1gMbaginant ot FicoFotpaNsAREEFHOT uni t
19 which conneshprises Reroehoy dotadt®n udiitscl} A rbharg b h$ch Ph8s) ons

of ther atign_a 13 to the rotation input axis 17 20 of the
resolvefﬁaS ?ﬁ% g?a??é 8?ransmttlng unit 19 conprises, f or exanple, a
uni versal joint antha @ouatgrdemaiﬂdraﬂﬁ&@lcpnofnmmhs&@mbodihéﬂttf@

I 15 I t XlS cor.e ich nmatches that the
Fotor rotati BicazrEard e aePug ke 3k ERhy natR CRP AT LT GA FOtRH! 1 ot or

which a w ndrngatsngmmcs 1aranﬂ|adranalrﬁ ea}taitené?lobawm, angl dirdnhpfly\degldlt rlgi
' iti I out puts
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a vol tage correspondln t|on an
to 2a (rlad) §ﬁt@hé0nduaﬂmbﬂftmwuroemrsnthﬂMmexis13,zarotatlonznput

axis 17 which is directly connected to an unillustrated rotor
of the resolver 15, and a rotation transmitting unit 19 which
connects to the rotor rotation axis 13 and transmits rotations
of the rotor rotation axis 13 to the rotation input axis 17

20 of the resolver 15.
Therotationtransmittingunit 19comprises, for example,
a universal joint and a coupler, and the rotation input axis
17 of the resolver 15 ideally rotates around an axis core
which matches that the rotor rotation axis 13. The resolver
25 15 comprises an unillustrated rotor which a winding is wound
around and a stater 21 having a similar winding; in addition,
the resolver 15 comprises a signal processor 23 which outputs
a voltage corresponding to the rotation angle of each rotation
angle of 0 to 2m (rad) of the rotation input axis 17 from
30 a predetermined point of origin, e.g. a voltage of 0 to 5
V. The stater 21 of the resolver 15 is secured on a board
25 by a supporting member 27 using a predetermined method.
The device being detected, in this case the rotary
electric motor 11, will be explained. The rotary electric
35 motor 11 is secured by stoppers 31, mounted on a base 29,
and as a result becomes one piecewith thebase 29. 1Inaddition

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




.30 'a predeterm ned point of origin, e.g. a voltage of 0Oto 5 V. The stater
21 of the resolver 15 is secured on a board 25 by a supporting mérhbiil 2095
using a predeterm ned nethod. The device being detected, in this case the

rotary electric notor 11, will be explaPned. The rotary electric 35 notor
11 is secured by stoppers 31, nounted on a base 29, and as a result becones

one piece W tbmphesbase &%tézﬂ h@@gllhgom WiPLdN Bohakar thotald iy @% end3, the
rotary electric notor conprises _a stater housing 33 which
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41 and.  baseleSioEhe SuFpiE Bof A i sy ac Eoaand vaaito 00s
torque_eqU|vabﬁntoumlhbetherﬂueatieﬁnapdeaabﬂetﬁerrbherrﬁbﬁatiohaaxD@ aXIS
13. 15 T. u nal .of t det ctor uni t to the
Foiary G coraPbls & ohPBuE A RhCFEERE Y adPeb et 17 A srife
conponent, V\/devhlcfel 46t whtieh dts teliﬂeatainaialldJy oEreedfbit he tlotee-plodse i on

"ke of the PoFaFH3ETeR phURERH M petlsT TN bulblisn e ERS, BPlea"
conponent, whpohrol|dgstigat 28, @Enmatmeagtaquualetqlpheal(@tgtomTyom{ue he

rotation CyEBﬁmQBdtbﬁlﬁgt fﬁer%ét i:8€of‘xkét%§t' ﬁfc aysed by

el ectronagnetic action o uneven w nd e unillustrated w nding of
the resdlver 15. THeepytauf skoral af shamptaxpdesegherrvnil ¢1cs suPeE or

unit C2' are¢gn@Md Aok catdaiat8riafiuce: . thﬁﬁ%&h’@ﬁhé%l 1086 RL A1 54 gnal s
whi ch correspond accurately to the detected_rotation angle. The rotary

cal cul ator ufi $172% BRI KURPNI |W%§I1é‘c&éta§@lsoPt4§h§h¥%ﬁa'éb‘h%erts
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displacement differences and the like of the rotation

20 transmitting unit 19, and a second ripple component, which
fluctuates at an integral multiple (e.g. four) of the rotation
cycle of the rotor rotation axis 13 and is caused by
electromagnetic actionof theunevenwind of theunillustrated
winding of the resolver. 15. The rotary calculator unit C2

25 and rotary calculator unit C2' are provided in order to reduce
these ripples and obtain signals which correspond accurately

to the detected rotation angle. The rotary calculator unit

C2 comprises a rotation angle detector 45 which converts the
signal output from the signal processor 23 to a rotation angle

30 signal of the rotor rotation axis 13, an angle speed detector
47 which Converts the rotation angle signal to an angle speed
signal of the rotor rotation axis 13, a phase adjuster 49

~ which adjusts a phase angle with respect to the output signal
of the rotation angle detector 45, a cycle number gain

35 multiplier 51 whichmultiples 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 signal of the rotor rotation axis 13, an angle speed detector 47 which
converts the rotation angle signal to an angle speed signal of teApPBtHN05
rotation axis 13, a phase adjuster 49 which adjusts a phase angle with
respect to the output signal of the rotEion angle detector 45, a cycle
nunber gain 35 nmultiplier 51 which nultiples the nunber of cycles of

ripples to bg ghimh e Ji0m bheaQEEBU3 9 ildie aiabat ho bl e odet RET OF
45 in one rotation of, the Totor rotation axis 13 (e.g. four) 6 April 2005
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adj uster 49 w@1the19ekPet , 0f diife exalk@1awekesso@hich MidddY k@ §dcpatsi ne
cal cul ator 55 which inputs the output fromthe adder 53 and cal culates a

sine val ue of-¥OWe thRpatidsryvaf @d LYHFH- AU 107 ipdiveh ofutbeplRRYt ¢ he
-out put of 5t h&alsieeaCdd LullaatjRls t2y BY el imiaitaly19 egat Re Sutplt iodl tRE 59
whi ch nmul tipli.,es thﬁ ogit Q:ut %f g}he ai ,adjé_u%lier 57 by the ouﬁﬁut gf t he
angl e speed §e0ECCHICHTARNI 3 S¥hePadPdrSE2PlghIaARs uBt MHLLLPLABY 0B put of
tﬂe- mul a i pli ﬁﬂhi?gl ﬁlnmmpheeleuwatn%dep@tdha:@gjﬁxsraeqtél si@xe(Eﬂgby4‘ZheThe .
phase adj uster the,  cycle nunber gain nultip]ier , t adder , an
Phe ei e " caPbEREoP LoshEyGRTHEr SRt U Ted th e AL SHPCERSLEF B3, The
rotary cal cukhtieh subtrds thmﬂm&ﬁth&gﬁdm;ﬂmgdxewdebmim odbpuas ?n

i nt egr at ich, in tes t ngl.e _spee 15 conpri_sj.ng.the, qutput o
the Potary cour: siole foeed aetiRres Rir ] pi? MER DI rak a8k BE oo
angl e wi th r eypéet nunberhga dtmtnpuitt igilgreat 5df, the addetri®h, angl ehadesineor

45', an adder ' L.C t ' r ' ~at0 the
out put of thgarl gtﬁ alta }Mér% 2%}%3%32@ gcf#IR%St?igégﬁ?%gggsg%g%g&%gﬁ&rt 5C3\'/vhi ch

i nputs the output Themothayahlaulzgor amit €3l conprdses astoleaybduanglet he

I nput val ue, ' § U . B! ' Il 4 si ne
cal cul at or Sg'@tggliggﬁﬁadahgnaﬁﬁe%%i%z‘i"% t%ﬁ?@?é% e&%%fn&u?#?gﬁll es
the outhbut 6PMPRASEAUNtAE) ayteRtSPL bhet hetauypaslenlekerr BRakyC25 a

cal culator u h"as@zad?ﬂgtérswﬁ RAGE aB3usli £MHisadd rah% (Aen eukpatrof the

mul tiplier 59° fromthe output of the rotarg_ cal culator unit CG2,"and an
i ntegrator 63° WARPCPEERReGHAR ofhEhgngPea Sher AR ALSTFAHE 0ut Bt of
the subtract @aiddét' 53' which adds the output of the phase adjuster 49

to the output of the rotation angle detector 45', a sine
20 calculator 55' which inputs the output from the adder 53°
and calculates a sine value of the input value, a gain adjuster
57' which multiplies the output of the sine calculator 55
by an adjustable gain, a multiplier 59' which multiplies the
output of the gain adjuster 57' by the output 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 C2, 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 43will beexplained. 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




...The phase adjuster 491, the adder 53', and the sine calculator 30 55
together forma trigonometrical calculator C3'. To facilitate 6 April 2005
.under st andi ng, the speed control device 39 and the drive device 43 will be
expl ai ned. The speed control device 39 ¥onprises an angl e speed target
pattern generator 65 which outputs an angle speed target pattern to be

followed 35 kg ’Bﬁrg@@;%t%ﬂaﬁf Bdeed %hofhé%?égtftnoﬁxﬁﬁe Ja%gl@nspaeaorque
command cal cul at or whi ch cal cul at es a torque command valuée for the

rotation sped@¥gEt PEttEEHr IFBERRIBR ARi §n9’33tP8 8Rdse BPRBA| PubbBs 2% the

target patterheakbupasedeenst heoputmeitrfatheAnal et it @xget paétern
generator 65 and the angl e_speed oputput of " the subtracter 61' of the

rotary cal cuP&tde GRVECE2Y3 GORPTHI®Y @ FANVEE '8F SOnPPREBsCAnYBRYEI2er 69

whi ch conyer poweg 5r@1ﬁ\/’tﬂ’fe fth@@let-bﬁabbf&?t@f'@éﬁlﬁé tRhieat B NgcP@eepoddri o dc
power, and an jnverter | nput s t g F)ower fromthe converter 69
aEh%

and out puts énﬁr%‘aé{‘EFHFﬁEcY]t‘fﬂ}r‘%%h PREYE S "é%iﬁrPﬁd’(he tRRVEBEEFy

el ectric notaem ddd @ﬁlﬁ:@ﬁl&tse& pa eldeit@ut ineldCth Se - Sk & Alcepdwé © stuled tmiﬂue
command val u bas onehth oyt put 10 Qlf t he torgue commnd ca%% | at or

~and the out pib<ora SEacoRosT SRR &t | Gl 181 ng
angle cont rehh@val&n\nhtﬁhtmeérﬁorqu& &?tni‘mh;isvaluf]h rba@c?rmgi ehbaseﬂpubn :Eet
t t t cal,cu 0 a nte SO a
oL Nt oo-Bhas BTal Mo LPEAEST BPUANS: HPLRG 2608 n” gt 5he: STRALE! P HR i ea
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with the output € con rotar
detector 1, Pthetbpeedtpuhsrof 1d€&/|11£efq38’3 cozmlaawijqaﬂ@uarartwe? Gévaué 14339 t he
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si ngl e- phase ac omer ent a n
arrow | iXes thepdesénedsiqifsie gat ﬁgppémédth‘é g ir@Uarve sl peEsaat Mpover

paths near the r&ﬁ@%Ytl?*@féﬁdﬁs@@ﬁ:@BnlﬂS ¥4 chhsup ol &Y G €6t 8E-pRRsd -
Subsequent |y, { he operation of the rotary detector according to t he

enbodi nent d8ScFIBESNRAAVENRINtaly BABFEFAGJIOtor 11 In compliance with

the output from the firing angle controller 73.
In the rotary detector 1, the speed control device 39,
20 and the drive device 43, the power needed for the operations
of these devices is supplied from a single-phase ac power
77. Incidentally, intheblockdiagramsbelow, thearrowlines
represent signal paths, and the solid lines present power
paths near the rotary electricmotor 11 and the rotary detector

25 1.

- Subsequently, the operation of the rotary detector
according to the embodiment described abovewill be explained.
When the device is in standby (that is, when the
three-phase alternating power 41 and the single-phase ac power
30 77 are injected and the rotary detector i, 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




..When the device is in standby (that is, when the three-phase alternating
“power 41 and the single-phase ac power 30 77 are injected and th& Apil0p5
.detector 1, the speed control device 39, and the drive device 43 are in
operation status but the angle speed tatdet pattern generator 65 is
outputting zero), the rotor rotation axis 13 maintains an angle speed of

. E
zero. Eventualdpuerbeimbie fRBLE PRI gteﬂ%gﬁg:tgaa%*lgiv&{qé }%ﬁg@g@%@&@é

generates a nount-shaped pattern, such™as t nple 1n FIG

3, and the t &IPS hhfrecdeahsmrasent anghe saead of ket pe rodaiand
cal culator 64,68 qul aheputherbn Pht! s¥PPradeet Od’lquearﬁi)'{‘ﬁ%n%n\g%'eug kggbe

generated by the rotary electric notor 11 based on the present anhgle speed
of the rotor %Y BAlUa0% the anghatsrertargciupr Ry 9BEraRy phe angl e

speed tasgetanikue 0416082084 oSPPE d JAPutPRLI RS HENAL 15435 and
t he cal cul at e%@rrnesult I.s.,output to the drive device 43. Then, the firing

angl e cont r ol 1P&R 78R SALABIARHE FPPERGLAREITS CORBLEPLS the Lrinmanghe

rotary el ect rdec tRet g7s1bouemeiatde rh@rfokdeetgpRechbred Y LbBaeceapEynd
.val ue, and tgﬁ] output current, of the inverter 71 rotates thé rotary

el ectric not gPeLGFOrHYS: SREGEdEe PN FOG COrERNInVEpEBd and: kEe: sRFHET

specified byurMientosraitk (akveeteln7l st aniys thBerd i Hpe1gNarid pdeby the
rotary eigctri.c gotor %}estarts to andthe,rotgr

! ofate the pulle
otationtdxi 411358 PredRsRRIBRAFOLREIOR SRe ek i taraie sPRitie
~transmitted byStheacthmandtwliwn t Tanshittvayg, whd thdqard geheragkdt bpn
| nput axi s t r |lver 15 and.the_output volta at t signal
pr.ocessor 23£|¥1r?cr98§§§ ﬁg%%lfzf%élbdo%od’éﬂ(}esﬁnaf#st JF\J% rcﬁ?ci}ggqbe iphlqﬁﬁé' 15 tation
angl e of the anst &her sbdibromosricsonlaxiBadéd on the out put voltage of the

si gnal processor 2 ro ' e . £ : tation
angle of the rot o?hﬁ%% z}:#gr? na(%'(fla{s:h%%,oatg%df ?ﬁ%éh%%lggéglaé gg%é%‘%‘gf}t&i?
detects lhe ig thepwddhtiion tkensmisirpng, umidilff endnthatrotatdron hiephtke. At
this tinme, thgiguhpuivehkagess e1§i g 0 aLhs,p.first
ripple and a s,écond rio-pp.l e fgorS &‘Z%Qt %g'rgggpﬁgédggﬁﬁﬁgeggégggg h?i\i"t:ﬁe
respect to tFeINGLaPiroFeEREre 28otididiapaRp tHe correspondence with the

increase in the rotation angle of the rotor rotation axis
13. Based on the output voltage of the signal processor 23,
20 the rotation angle detector 45 detects the rotation angle
of the rotor rotation axis 13, and the angle speed detector
47 detects the angle speed via, for example, a differentiator
or the like. At this time, the output voltage of the signal
processor 23 contains a first ripple 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 theangle speed fromthe angle speed detector 47. Theoutput
of the multiplier 59 and the angle speed from the angle speed




..rot'ation angle detector 45, the cycle nunber gain nmultiplier 51 nultiplies
~the nunber of ripple cycles in one rotation of the rotor rotati o Axils2003
by, in this exanple, four, and 30 the adder 53 adds to this the

predet erm ned phase angle of the phase JlHjuster 49 and inputs it to the
sine cal cul ator 55, which calculates a sine value of the value output from

t he adder 53 | U . L ek put;, s '
cal cul at or Séie-t%}%g%%lrgzj%?gr%ﬁiehé%%%ﬂ%%gbﬁcg r(r)rﬁlflf %ql%rséggﬁi%?lgpl i es
the out put oftheheu§ainh @lljtist sulsiplhprth fuegl shepeetphtord the angle speed

detector 47. sHaeqOi R0 7L hen SULLLRL ISR ARALAR ANObe Reede Lrom t he

angl e speed 6 April 2005 13 detect '/ are applie racter 61,
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cal cul ator unit . 'S, W respect to the rotation 5 angle and angl e

speed of theCReFYAatsdatiinothgkiagupdiothd Tleskd touteeteuf seRdthe roka®yuati on

(1) is outputaficamatBe dRieky asdheUhRynL spritl . C2rRerLhsrande SRS/
Therefore, the second ripple conponent is elimnated at the angle speed

out put from FERELEFABORENE dELbINifAtedat lte PRI LengPecd paddudu Her from

the rotary caheukataiyubhlicu®itbs thAee cpput to the rotary cal cul ator unit
C2'. Herge the rot etector 45" conprising the integrator

tion angle

i ntegratsd the angFEesﬁ)‘b%]oe g‘ﬁ’& UEPES fhom bhg rQtaky GRlengdiedor REt phase
- adj uster 49' cabtisi BRen phpdet€s Ntedq@se A o amiaseendi ngete, t he
initial phas% angl ng gf. t he firsé %i Egl e %9 onent, .and bhe,rot ation angle
det ect or 45' "RRATPRETARAsBNILG] BEEEFTa% 4Bot HOBRY pEinE ot PReIRHBEFERRY . The
cycl e nunber ingegnratubtihs drgléipepdardiednbervedn tha raiaticmangpe e
detect or 45 d a r ' ad s t_.provided.in the raota 20_cal cul at or
ini ¢ becali8 phaSe Fdflsteriad S ¥y BERa- ek okl B nidls
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cal cul ates acafé, En¥at Ui hfoEﬁ%&h%ﬂl ﬁ‘%'e%e%toﬁ’:ugsbyaﬁci‘%ﬁ.%dgﬁésé? 1
and the gain adjuster m,‘ﬁtlp 88 the val ue out put “from the Sine
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of the 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




.first ripple conponent. The nultiplier 59' nultiplies the output fromthe
gain adjuster 57' by the angle speed output fromthe rotary cal c@lApdr2005
unit C2, and the subtracter 61" subtracts the output of the nultiplier 59
fromthe angl e 30 speed output fromthe Yotary calculator unit C2. That is,
the result calculated in the first equation (1) is output fromthe
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subtracter 643 ias & iRftp S & MHHStrOMPYtc@ichbgesst ghyccabeul appe unit
C2' to the speed control deV| ce 39, and i’s ap glled to the integrator 6
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i nformation of the rotor tron axi s I'S i npuf direct rom
rotary deétecsbatugnit C to the speed control device 39 as in a

conventional —appaggtyf;sasadde AR RRREL dRind 'dea?tu'eHSFfeéﬁéstofq&Q' es
‘are generated in the torque comand, as” shown i n The requegcy and

anpl i t ude of CPABaRApGdSULRtOZasky uhes| thige waveform Shown in FIG
(corresponding to the differential value of the speed pattern

of FIG. 3), but when the rotation information of the rotor
20 rotation axis 13 is input directly from the rotary detector
unit Cl 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 arepotentially damaging to the system itself.
To prevent this and increase the reliability of the systemn,
35 the rigidity of the overall system comprising the rotary
electricmotor 1l is increased to raise the resonance frequency.

However, since very strong materials and reinforcements are




.25 'angl e speed of the rotor rotation axis 13 has increased to its maxi num
and di sappear as the angle speed finally decreases. Wien there afeApilfl0ss
in the torque command from zero until the frequency when operating at

maxi mum angl e speed, resonance nmay be ekcited at a specific frequency in
the system connected 30 to the rotary electric notor 11. Wile resonance is

being excitedeRdt ke 3%StEALeWRE +h§iAPLYr oEOLREI 8PsBXhS dBerpaSHES a
speci fic angl e speed, the system genefates” noise and vibrations which are
potential |y d8ng§i ABC¥BashelByeRqasaf thergvpradéntYFRFB aPENERE?dase

the reliabilibytgk B€asySte8tBPctherdt gl di t ¥notohlReatter akl sE¥Gheih
conprising the rotary efectric motor 11 is increased to raise the
resonance fr&dGendy. thiliswePRPIiBPAE NGl POSEBRYCHuiBr FAPstORgue, and

rei nf or ceyrentenaequentyi had0Rs pbobeesledst @nbhnengagechbe.rigidity of the
system -the result_is an increase in the cost of the overall s\;ll\ﬁem
connected to the FBEARGRERLLYri31hReveh10teRy cdRtrater 2% thewhiist FI G

4, L Ihi s epbpéhﬁﬁﬂﬁm?ﬁﬁ n@oﬁbﬁm!sgé iﬁllnlbherélgbﬁu@rhamﬂ, 5tﬁgfiée(wﬁét|1]¥o hﬁs no
“problem of increased.cost. Incidentally, although rotary tector,of the
: it ap G

first enmbodFRERTIESAPPFS@R Yz G D aneVariPESBOdLELER M dns on
its constitukirepoxzdbilal.i oPSr eRdinblegtd gaser &t €PRASthlobt aRos axaipbe; a

generatar., whi ch, obtains an .output, 10.voltage proportipnate ta the angle
Jeed” orld ne P aBr SRS o ed Frec G sPERlAA L RRHE Ak an TRl o
al t hough t heaxtiset avi de etjuahyr ataeptabéetri Eunthermdie) saltbhosghttieel by
the rotation LtLl Lt tation.ippu LS S
does not inpl’céq-‘rggggbi %%P%ﬁéj{y oo%afjé’ 365&%‘%{}%141%0%&%{1 ilogglgrgﬁgﬁéﬁq%%?i% uni t
19 and the rbhetiomiiputrarspit¥ingaurshold aby theyrofatkemphputna s 6,

the rotary deyechors ygbl {de R 56 flh Eg:&c}?é‘hs%“&f’%%% ]\.‘@@étg%&tl ﬁe

stripe pattern’79at equal in efvals is provided around the end
rotor rothti bnangristiagg wrid 18 andah¢yodatdem teputklasihsnt 7 81 AsoslieWmed i n

20 a signal BLOLLSSH e%3mpl1Bl IRTFRE] el ¥hedPobhPPidtedds uhit ERendptation
of the rotor fotation axis 13 can be transmitte to a rotary encoder via a

rotation trafSRPTiFRgARRRt b angadpr ¥heflgidy agstripe pattern 79 at

eqgual intervals is provided around theendof the rotor rotation
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
toarotaryencoder viaarotationtransmittingunit comprising
a roller 85.
Embodiment 2
25 Subsequently, a second embodiment of this inventionwill
be explained with reference to FIGS. 8 and 9.
Inthe first embodiment, the output signal of the rotary
detector unit Cl 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 Cl' comprising a rotary encoder 87 instead of the jl5,
35 there is no second ripple component caused by the jl5. O©On
the other hand, when there is backlash in the rotation

transmitting unit 19 comprising a coupling, the adjust phase




..Enbodi ment 2 25 Subsequently, a second enbodi ment of this invention will
be explained with reference to FIGS. 8 and 9. In the first enbodi fekpril 2066
output .signal of the rotary detector unit C is processed by the rotary
calculation units C2 and C2' , which ar¥ provided in series. However,
there are 30 no restrictions on the nunber and constitution of rotary

cal cul at i on kit uatliechaak Be ol L36n! BracEaLAABca LR ghNal eRbur oo
e

of the ripple conponent in the SI% out put detector. For
exanpl e, in OGNSl emict BetorAilt- d\The@@ﬁﬁrn%ﬁa‘i‘gﬁeﬁ l@@épﬁ dreodearg7

nstead of t ; r S o t he
|15, “0n "t he Othar handt o wian ThEr S b Dackiad P CPR T Oiof TR Potd

transnittingF@tREing aggfpl 3 sRRgLEr QAN WaTPine thgjausis iesedgvARELON 2005
16 fluct uat esnl CbmSICHANG St Withl § e 59 ﬂ@?é’?é@f&é %aefoé s bt @k¥n

electric notor 11. When the negative he rotary ectric motor 11
exerts an ext@fna¥is saze aéaﬂh%trocw F@Fé#‘-lngoﬂlﬂﬁ Ag aﬁﬁstll% dxisacereecti on

war pi.ng the axi ¢heorey @64%hatt@A 8ol AnCRARLLABELa VA NrEBSLShECaRist B
negati ve Ioad occurS between the axis core of the rotor rotating axis 13

and the axist88r EOTRFY( FRCPdeT c%?mé'@teé'cﬁhtYoW G HEedeaPEdthEt BIPPEC axi s

“of the rot abysmpaﬁederfﬁactmmégby M%@Hﬂlaﬂ tc!a\@% Oh iBeak Cgp@éfcu;@?g@fgnent g
shou e use

fluctuates. u C a rotar Iculator {0 unit

whi ch coﬁgrl 5‘8%% Eghasﬁﬁaﬂf‘ﬂspﬁrusﬁ &SBaBP’BPB%S%ﬁa"ﬁgPh@S?h%‘H‘él?’El%’E phase
val ue by usi ng' 'peaphble atfid chagatinge tcﬂédeﬁiﬁj‘sﬁ hghad malﬁ Eﬁeuéﬂzﬁ@lue
command cal ¢ and . 9 ng

d abl e of detect
t he exter nal P? {E%Vﬁ?nt%rée%\%ifb %IFES%FJIC%TS]%ﬁ? W@Wéggﬁr@r@%ﬁﬂm&% gi ng
- the suppl eneagacylghon %, andoargsioadijng tarobnt ! caiiiafBEle 8fadmdt8c’sta®gvs an

exanple of s [ Te ot ar cal cul at or c2" rlsesa
phagg adj us?ﬁg 3-858?}289 Eg?«%ea ﬁus ngl\gli ‘i,l]?% 1onc%)g la%t %ﬁ‘ﬁ? uni t
89 whi ch3 npang Cthhi@g&ngriehe Suppiementergwmmmambﬁ@ssmjrmmmamomt and

ol Sirhnes VATERE" o s RS VEa QBB SE oudima SR ARLAERLR, ) U

“initial phase Va|u£geb§§§§ry calculator unit 02" comprises a phase
adjuster 49'', a gain adjuster 57'', and a code determining
unit 89 which inputs the signal from the torgue command

20 calculator 67 anddetermines whether it is negativeor positive.
The code determining unit 89 outputs to the phase adjuster
49'', which outputs predetermined initial phase values based

on whether the output of the torgque command calculator 67

is positive or negative. When an external force in the

25 gravitational direction warps the axis core of the rotor
rotatingaxis 13, 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 cor'ners 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




..on ‘whet her the output of the torque command cal culator 67 is positive or
negative. \Wen an external force in the 25 gravitational dlrectloﬁz%unk2905
.the axis core of the rotor rotating axis 13, the gain of the gain adjuster
57, ' is increased or reduced based onltl/he output of an external force
~detecting wunit 93, and the gain is adjusted to a value equal to the

anpl i tude of jEhendimsttés RS AHP YR, t@@%’:éhbﬁ(ﬂoﬁﬁé\ﬁ% oFhen8Cr&xdraf nal
force detectlngpunlt 93 conprises four |oad cells 91, which are rovi ded

bet ween an uAPFPEEPEaledthroBPIgUAERBEMIBARTt RRLTE ofP é%f#n%h% ¥teHrbase 29

~and out put V%k@@&:@d&f&r@ uhR 28T ehdaneec bt R Heherter s, i AntfQuation
gravitational direction, nd an external force calculator unji. 95 which

cal cul ates 3%8 ﬂhése%?é?naﬁmﬁbﬁﬁﬁj1ﬁftﬁ@egF§9ﬂ?aPPEH8F BRIBARERLRLARE t he

outputs of the hﬁadh@ekbﬁaaﬂz cb!ﬂ@u@é’t@fnﬁhlf:ot.@e‘ Cﬁécafa&@ﬁrs@%étglﬁa

outputs a calculation of t external force. That Apri_l 9 17 |s no
mat or what - Lhe DheRas PR thaRe T stionorsisal Galsal gt Lon WHE code

~determ ning gBit &Qfxﬂmhédleh@@mmhdjhet@@ get ectthegoydl ¢ nddbemrsdd in t hat
the error err ; Eguat g %6% ﬁ zerg The .g g&g of the £§ Le numg r galn
mul tiplier 5PB4CERIERE PhraFhecafdtFardr aRftte2151P8 GRICHIAERL 1.
In this enboﬁmhedimehhe3tr|gononetrlcal calculation unit C3' ' conprlses
the phase, adj uster nul tJ adder
53. b ithe si ne cAliduims spbBRREEr AR 14068e sOH Y b &%}&E’]}M G s
invention mﬁWRtherefprenoedtomFIGsrelerendello FIGS. 10 and 11. In the
first and second e | , [ | ') are
adj acent to the rof§?§ ca é$§%68£&eﬁbggégghég tﬂgy3€?4%§25§ fan

t oget her forunihe (C&rand f:‘bt ar grésSadgaeendbrtq, tlb@tr@h@rye «aabcmbatlon

restricti O”SuHPté heodi 83 angq g @ )poghaltgﬁ%ﬁﬁ%gtf@%ﬁ c{.éﬂg& n| ts

-and rotary cul'ati‘on uhits. shown i e r ot
cal cul atler ufietechoray, bbutn‘ébﬁpm&I@dn@nrfﬁﬁ’érsﬁp‘éé@l%o%rb!le ‘élb%@é?%Q and

the drive deyjhge pd3it3REe dACLHEl UStI8Y Cfedledidon I RYLECSIIO AL LRy angl e
I nformation, the output of the rotary Calculator unit C2 is input vVia the
|ntegrat0r 6galculatlon 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 anglecontroller 73. Therotarycalculatorunit
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 Cl 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 device may be a rotor, a power generator, a linear
| motor which uses a rotary encoder to convert a linear distance

moved by a movable element via wheels to a rotation angle.




.to'the firing angle controller 73. The rotary calculator unit C2' is not
used here, since the first ripple conponent caused by the rotary 6 April 2005
transmitting unit is negligible. In this 25 enbodi nent, the rotary detector
unit G may be installed in the rotary M ectric notor 11, achieving an
advantage of sinple installation. In the enbodi nents descri bed above, the
rotary cal cul ati opnunhd ¢ 2he apdhd r gyl gkion 30
systens, but the conscﬁitut%]?l t|%s ngtarestrlcvzatreldo%%og:na 8di l%%:uFa‘tglﬁon and
- digital cal clieat PenTMRgeatidépiablthe FROPReCENbOE #@ﬁf«‘gtélescrl bed above, the
(detected device [859qe0LAl hof! HVEC JMISKA 1Ay lrd REL BEErPOIEERLEOELT ONS
on the device det ec'Esed by th?a r ot ary et ct%:?I%lFor leaﬁp er? %e det ect ed
devi ce may befathisoinvenpinRr ten&iapde, campppeat lwrbpumu@hsy%@la
rotary e@Od%%uE@dCQFVtﬁ{é r%tlah: e@ét&@é@qct%el@tésg @a&e&%&@bk@de&@aent via
wheels to a rotation angl e, ril 2005 18 In addition to the above
various ot hefakdags i“éaPP%ﬁ%bl‘Prd'yo HeduiRe tHTIS TiRPlesopd ap ehectRb@nti on.

As- descri bedmalae!%ncws@i@wg%;bestdteawi@wrget;@ﬁteeéteefbfﬂérbeaﬁﬂéﬁon
the ripple conponent in an output si cadsed by t rotary detector

itsel f can béngﬂéa@??e?‘é%é’é’c}trnﬁkiiﬁg’ LRCEEESELT e O ERICREF BPHIRNF € ppl es
of an el ectrbg tReker sardavaksQus types of actuators, generat ed by the
rotati ogtqlangl e detect

Fl unit, and to increase &he con%cgjgjé( rformance of
these actbators. 1BYELPERerSL14GH & heray¥fqtiéPPi-ppF R dth§¢ FARAFSt ary
detect or uni Hetabtbe Lﬁiiﬁfbﬂﬁttﬁjelimlﬂi)@lﬁ@cﬂmit%’écb@ﬁeé eakdertid Ydehbefgauses
of torque ri Ppig'l es _caused b¥ other factors. Furt g ih ft hg out put
ripples of tHhE%r SERPTSI8EeELEHUSURIPPLSH Bguﬁgfie ¥i REBehy TCEPRB
cal cul ation, the dFurehet) simttecidnt votpdediges eafof Imheaxrtumiyodiet_emtcbe
si npl i 1 ed gt hepr 805 830; Rear gugeds pMLeQyeryr SERce LhecripRle
conmponent can uce i'rrespecti atrng speédo e
det ect edlfd_evaoé, conheopr devéicen afidthel aabihtoy ofnt he sbnmplyfiedegndr unit
20 can be 'nEh§§§egost 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.




.6 April 2005 19 WHAT IS CLAIMED IS: 1. Arotary detector conprising: a
rotary detector unit which detects rotary notion of a rotor; and 6eAprltZ00§
~calculator unit conprising a rotation angle detector, which detects the
rotation angle of said rotor, and an anfl e speed detector which detects
the angle speed of said rotor, based on the output of said rotary detector

unit; said rghg@ngabgg&ﬁkggﬁggit is characterized by conprising: a

trigononetrical calcul ator Ich calculates a sine value or a cosine val ue

of the rotation angle detected by said rotary detector; a gain adjuster

whi ch nultiphies therstAgyvabbecPSrt BEm Egghﬂg:value, cal cul ated by said
trigononetrical calculator, by a predePernln d gain, a multiplier which

mul tiplies the out BukoRArBalaieptior vaditushéchetertpmop@ryonosiry ahgl e
speed detect gr yo@B¢; andubtracter which subtracts the output of said

mul tiplier fromthe output of said angle speed detector. 2. The rotary
detector as descri BeBPtary AWl atey ginkl iq@wsistingcal rehpeipat apgle

conprising agplaseoaq] watitAgadbbbtsWehehradhbsba Lhg1ehgsesiat persptation
angl e, detected b said rotation an etector. 37 The rotary detector as

le d
descri bed i n3Bfaf TPQ%SiEPP89a¢9teﬂgPECWBFCBn@?t§%ﬁ%r?g?n@n%l?e%ﬂﬁ%%r
whi ch creat eafapa®at potor | HHESD ARG Wdthdthe ff 8hali potangl @=0bctat d
rotor. 4. The rotary detector as described in Claim1l, said rotary
det ect or uniPn&ngrising a generator which outputs a voltage in accordance
with the angl e spesdiaf waiaky otallculatdie aeifrigetnaractagidescrbyped in
Claiml, saigoro%ar¥ 6 April 2005 20 detector unit conprising an encoder
whi ch creat eS°8RT 30 Bgf in accordance with the rotation angle of said
rotor. a trigonometrical calculator which calculates a sine

value or a cosine value of the rotation angle detected by
sald 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 in Claim 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




..6. 'The rotary detector as described in Caiml, said rotary detector unit
bei ng provided separate fromsaid rotary calculator unit. 7. The 6rAprdr3005
_detector as described in Caim1l, said rotary detector unit housing said
rotary calculator unit. 8. The rotary det®ctor as described in Claimi1,
said rotary «calculator unit conprising a unit for reducing a ripple

conponent  of d%%'e@t%’i‘gﬁﬁiﬁg'?&ﬁbr&ir}@%rf %h%)ﬂe&?%ﬁf#l?rcﬁe%%?%' BEE'pr‘ Gaim
1, said rotary calculator unit calculating an angle speed wont by

cal cul ati ng lRoRCcergapge. withsithe gotatipnwpegdeCpépraddntetele rotation
angle, Grepresents the gain of the gain adjusting section, Wepresents
the adjust phase value of the phase adjusting section, and n represents
the nunber of +rippFBedictanipfetegtpeas despreibrd putCrimdi PaikbraFgrangl e

detector in @Reet@od! ifiiof bedhg HHRfidel) sdberd Ol akyofetLeiPr réfary
described in Caim1l, said rotafy calculator unit conprising a unit” for

reduci ng a r FAECELaterpYRAHT of said rotation angle. 11. The rotary
-detector as described in Claim1l, said rotation angle detector conprising
an integrator, which obtains _a rotation %%9'5 by .integrating the output of

said angl e speed dBESATGLY doteqher aside £8rC kIR ds G WLECTRTY ai m
1, said rotadegtecabeubattORoUBlihgCeEREI gbBgr@nchNERULELR vhet . i Ntegrati ng
sai d angl e speed output wo"t. 13. The rotary detector as described in Caim
1, said rotary 6 April 2005 21 calculator unit outputting a rotation angle
si gnal whi ch8.r eduthe ndmany dptectonpendsdcofbedtid glofial i ok ainpretaand an

angl e speed si i.ch _r.educes the ripple._c onent of .said angle speed.
14. The.rota??ggghggggr%%ﬁ%é%@mﬁﬁﬁ¥QQI%Jﬁ?ﬁ?ggo§m§?4ﬁﬁﬁﬂ%/acﬁ.ﬂ%ﬁ%tor
unit bei ng prompdeeninofeshed Bngaepbpealiity of. |evels. 15. The rotary

detector as described in Caim?2, said phase adjusting section having a

plurality of adjust phase val ues,
_ 9. The rotary detector as described in Claim 1, said rotary

calculator unit calculating an angle speed wqut by calculating
Wout = @ (1 - G - sin (n®6 + W)
whereBrepresentsthezntationangle,(3representsthe
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 inClaim 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
rotationangledetector comprisingan 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 wout-

13. TherotarydetectarasdéscribadinClaim]d said rotary




,and sel ectively outputting one of said plurality of adjust phase values in
accordance with a torque code of said rotor. 16. The rotary det ectdkprd2005
.described in Caim1, said gain adjusting section varying said
predetermned gain in accordance with eédernal power in the gravitational
direction acting on the rotor rotation axis of said rotor. Abstract of

the di scl 0suicg1TRQ att@irahi idetRALRIt RGP A Mok 4105 4 SndTWeBt §RR CORPER Ses  a
- ‘rotary detector unit C, C'_ which detects rotary notion of a rotor; and a
‘rotary cal cuF&AgFeEnFhe@iPrba camponadip PilssAgd &£ 9 Ao RNEE e a8t Rt or
whi ch det ect singhe élﬁéé’& IsQnAN KR c R fr e 5Ot RE .+ i 2RoRPShEn S REesh figt ect or
47 whi ch det ect the angl'e speed of the rotor, based on the output of the
rotary dete@PIleufiPESdThe rotary cal culator unit conprises a
trigononetrical calculator C3, C3', C3" which calculates a sine value or a
cosi ne val uelgf thg rotation angl e detected ,b%%t_he rotary detector; a gain
adj uster 57, 187 &he LT IRLEETPT RSIeHer Srerd 1ndf1aiml » S LB HY val ue,
- calculated kyltheatbirgonogebeifql pesd TAbRtl sddicts AnedepenphnedygsEn, a
mul tiplier 53, 59' which nultiplies the output of the gain adjuster by the
output of th eé{ﬁzﬁe speed detector; and a subtracter 61, 611 which
subtracts the output of the multiplier fromthe output of the angle speed
detector. 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.






