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@aehsmgnt 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
apparatus raﬂdemgvatbﬁrqu&e bypmheréaaiﬁgp@aﬁrﬂggéOShaﬁlﬁggle of rotation
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ripple may be internal, arising 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




Since torque ripples of the latter type in the rotation 2 6 April 2005

det ecti ng sensor mentioned above appear as #Aotor torque ripples, 6tApil 2005

ripple problemcan usually be reduced by applying a control nethod, such

as the one descfbedtabgveensoxt htentBitiddl A5ovl i GPpeaRt HQ Sndts: PbLue
g

However, when t § Opl S5 are caused by the angle”of rotation belng
detected in thep'ﬁ())%%ggf %\ilael :Elgp%}e Pﬁ&ﬂ&?‘é{%ﬂseé d¥thegedensd Py applying
anplitude of t#deconpprbonbthodpssucliges the 6REUESORIBAET LAIS0WE] et Sthe

angl e speed, | | t hat, it becones inpossible to increase
the angl e sgeed é%%%b%‘giaaglﬁﬁg\ﬂ%e@ﬁo n‘fli‘%F‘PF’ﬂﬁ - 1HQWeve%r Whendthe Rippkaor
and the rot Ej | cre ansed iy ﬁha(msglamﬁnﬁﬁmuﬁorbtﬁflﬁ[g F]ubﬁé@téd)r&ﬂ Q‘lhet
--apparatus and i t _be aratus. Inthis way, a varjety
of control met h%‘ﬁ%ﬁﬁisélgggﬁf Ctg%pf:?:éa;:igﬂnt OB PEDS X LR Idadene
rotating machi i the rippdaschecomes Fatgery itepeopoisiohntentiaé (asttc ted

. ensure that a rgplesi h oes t. be a torque ripple .and
speed irregul arjﬁggsgfae?ﬁglg%g%r% %ﬂ%lﬁme’{}vi%%g'& thee qt?ﬁ‘%sr‘ 5?15’&5@6@&# is
installed in. RS iPRFeapeathe, angte speed didmibaokl ghiny stheal contriodldhnigng
machi ne bet®ne +pensd I ' ' reliabil i d increasi ng.the
cost. Furthernore, Féﬁuggcg:if t%%d&gﬁ E%Feghlé?]}g%%%é%?f?&ﬁee ; t%ﬁ’elsr gllﬁf:?"’
detector, torqfiB PIPFRRYS| Rugden| ept the gentrolneppdratussandgéneratsdsby -

assenbly precishenceosétthe ﬁﬁéeéfpﬁ—gﬁuspr ocessing precision of the notor
| ic 25 frelds and the like, making it .

mai n body, hi gh-frea:ﬁgr{i . magne i
difficult to determ W%%X.jsé JfaxiRiy ighleantrol tmethedst have tieen
rotary detect cappliettl inndherdontybl ter R QF FH8F LA HR gSEﬁEigggﬁéxﬁierFe :

- enbodi neng g of, Q’eoff)re ent_invention have been realized base
ci rcumnst ances “desc "[f"é’} XohFvaidatestsrsyr i il attenply tetewswre
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rotary detector i SPESS: ATFEIUIATIties of the eotating machinetwhickthe the
actuator, redusdagystdetentbri er dagalald®bihitYFor this reason, the
controller and driver of the 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

30 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




.35 1n order to achieve the above objects, the rotary detector according to
a first aspect of this invention conprises a rotary detector uni 03
detects rotary notion 6 April 2005 of a rotor; and a rotary cal cul ator unit
conprising a rotation angle detector, which detects the rotation angle of

the rotor, and an angle speed detector which detects the angle speed of

the rotor, bages rendhiea@brettHfy bhe chaheby ﬂ%@@bﬂ?rﬂﬁﬁ_hg Prébgeighary
calculator unit .conoprises a trigononetrical calculator. which calculates a

si ne val ue of"§ eVt yehig e TGt BhF R tatgod IR PEFIR TPRRT rot ary
detector; a @ﬁbﬂana@h@&be%pwéﬂche&ébtbﬁ|hﬁichhﬁeﬁbaﬁsvﬁhéeaﬁgléh@pé@é'n?
value, <calculated by the trigononetrical calculator, by a 10 predeterm ned
gain; a rrultloﬁﬁ:]é r\ﬁ;vﬁo(.:rh hased on ble ondpytt phiitheoroEREY GEte@ruREE - by t he
out put of5t hehangretspeedadenaatol; uritd aofmpklikast el whigbnembtiachs the

tput- of the |tiplier, . fromthe output of the angle speed, detector.
According t oCR LCHERETaE PR " LEREIE R s IE T AET FoCPBAERyVELRECt or

of the first oefsvhetnoﬁmd 'drfhgg]l]ﬁrﬁiﬁidiﬁid }ayaihmlr@tt@&ycamé*is@ﬁ; ? @Qi\?ed ]
adj usting uni_t,.whi.ch justs. the. e of, the rotation angl.e, detiected by
Che rotati on2aaRGE R LER B ABT RS e Bdns Vo) P SHspRE E e e ent | on,
in the 20 rohdcpldékdct GJE/ oftiehe ¥1 iginampacical he:eﬂémalaftcﬂe,f[ ?ﬁby)[] anit
conpris a lyer i eate n. opt put .i.n.acc ce e
ot ati oﬁ’f%ngﬁ’%ﬁ?ﬁéﬂ%ﬁﬂ%}?ﬁ%ﬁ%ﬁ?@%Wﬁgﬁ%ﬁ%@ﬂﬁ;‘-@ eh%uﬁa\}%m on
inth t ap gotinradgfustive By the aspaet p £t angae\s & oecor
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speed of theg‘rﬁgt%r%. %k(]::co;tgl n@%@yaﬁP?F%ﬁ ag%g%toglgg?l%hé i%rrpllvelﬁ [ onl,glll N the
‘rotary det ecEgPmotheheutpust odsphet anghe speedyddeeetonr unit conprises an

encoder whi ch cr eahesoan iYL AYLa bBCAEA0LIABEE o BN Ll URR LA, Ak homangl e

~of the rotor. According to”a sixth aspect”of the invéntion, in the rotary
det ect orldf FREALYr Setasiest oft Ade dtimst rrettor e ttrigonometrical

calculator comprises a phase adjusting unit which adjusts
the phase of the rotation angle, 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




.1s provided separate fromthe rotary calculator unit. According to a
sevent h aspect of the invention, in the 35 rotary detector of thdé Apuilsa005
aspect, the rotary detector unit houses the rotary calculator unit.
According to an eighth aspect of the invéntion, in the 6 April 2005 rotary
detector of the first aspect, the rotary calculator wunit conprises a unit

for reduci ngrathirgPheteetpensatrind fihest Rtspead rHe6eydbalichPagoni Nth
aspect of the i,nvention, in the 5 rotary detector of the first aspect, the

rotary cal culMBidr COMRAF158%% URatesOR T At % BebiPRORICARPRGR LA FRY wo" t
=w(l- G gshndlen@pteW,) where Orepresents the rotation angle, G
“represents the gain of the gain adjusting section represents the adj ust

T
10 phase val ue of PRECHAARE BAj /A IHY RGN CTakden LPEFRELBRY sTRhEM Bunber

of ripplescygbearindebecevipof e tiiardt0ladpecghte detaelotalBubaeor
~rotation of the rotor. According to a tenth aspect of the invention, in the
rotary det ectl@rtofagRELlALESt aAspBELle BRECHoary PFacadicalatings unit
conprises a wif f @ (eductng fid i@ e apyponent of the rotation angle.
According to an el eventh aspect of the invention, in the rotary detector
of the first aspecVRefROTRERTVH HhELP ORI BRILEMITF LEEL SHRTLSt &R at or

whi cg gbt ali Pgaa_nrafaﬂh@@a%ﬁa &aght%tb.?& itﬁéégmhi' ngrteltpﬁe@@hmst ::.ﬁfe aajm@@ﬁl e
spee c : [ 0 wel fit.h aspect of .the invention e

Fotary af cctbrss ERE AT the Biadf s I BE s et bR T A P et B s es
an i nt egr at othkanumbeegfatripglée ey dreg énspleedutpuitpof Wentrot2yAsogiei ng to
a thirteent hd@%@S‘EBrOFLnt & iPX@Q%E?H’o%nt lg_hgojt:_(g{L_ary detector of the first
aspect, the rotary calcu ator ~ URIE ol pulf‘s a rotation angle signal which
reduces the rippl eAcecongongnto of tendhr gtsgpieicdn odnghe, inmdangnoangie speed
signal | whi CBokadycastbbeof | P! GTRARERspAk!, NendNobEaPees1cdPatibror di ng

to a fourteenth aSpect of the invention, )
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 ®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.




the rotary detector of the first aspect, the rotary calculator unit is
provided in series in a plurality of Ievelss According to a fiftednipril2005
aspect of the invention, in the rotary detector of the second aspect, the

phase adjusting 35 sgcti a _plurality,of st phase. an
sel ectively outputs ?ﬁgédo]’fpd}[rii%ﬁ uaP ﬁkiix[ ;? e&'\fé ha&f%%#% hgsgﬁ% }égéﬂf,%on, En
accordance wit hthe ttortpy detlectbrt bé theofirst Gsfmat, BeSgAdvordingtinga

Sixteenth aspetiedlidd radtay 40D, phacReasRE” badSt o6 hdhrdifcd istn

aspect, the gain adjustin sec vari es erm ne
accordance w t lexkesanai poweswan thetgmavglmimabmlrantrm |amt1m1 PRgtRM

the 5 rotog rqtatd On-GdtSidd %%ect | \%l??/(]g(%f&cl pl es) Exanple enbodinments

of the present Il nvention can I'mnate the ripple conmponent in
the output of APrigiakBlesdtector unit, and particularly the ripple

conponent 10 whi ch '%@'@ﬂi‘ﬂ@erﬁm%ch'?ﬁeﬁ% ab!fort‘h‘éyﬁ%&s%fntt aviaviiea Dedmg

measur ed. Wen the output “of the rotary detector urit contains a pI urality
of ripple conpoﬁéﬁ@@?slv%il)’l el%‘ﬂ@‘iﬂ)lthec&ﬁi&%ﬁ?@Eﬁﬁe%f#%(ﬁhlevé’l“} of a

el i mnated by pf@w diéteretélf ahihiy, ahd 9 ﬁfﬁicupﬁllzmtﬁbo&i;p meceéfrq&p?a?ﬁnce
angl e o0 e

ot ob el b8 uiiEbats rpRenboR U roraPpruerett b Shet Mire Suin

ripple with an nwmurteudwhfenathé dlmp/i.eﬁ”bedhby:'c&an' dét@cﬁtoa'nqhﬁ dontairos to

(2) 20 where n'7 EreslR ot AP ninsertaeReniy Sl ihd S0 plF SRutprBfle da%,

the devi ce bei rrgffdetweﬂpdbeaehmmamdasbm rolvddeidnid i umiais;e dfffetamyce

the-emboat nent <HFIRSTUCERFF b heniBaice’ RiNGREHIAICE AL 12 o "
‘speed det @& or nepmsdntd ¢hentottéent imegletodt thom dangleebemgudetpqtlad, the

(3). wen arot 9SS OF o cro ey G, walfE 2% hg, 7, kR TWikR 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. '




of the unit based, for exanple, on equation (1), the output 30 wont is
expressed by substituting equations (2) a (3) for equation (1) 6atpril 2005
foll ows wont= dOo/dt(1-G sin(W-a n n0o+4) +n0o) +a n sin(n9o++)
-a n G sin(tWa n-cos(nOot&é 35 + nOo)S|n(n00+)) (4) Here, dOo / dt-
represents the angl elrsgeprationt ddniceetheinppldcanplgndes is g@.!@emlAprl I
2005 I n equat i @) soSithae tahe&;[pphm@r{m"tﬂf ohég‘r?lﬁ d—ﬁ' | puniBh! i

that a <<1, when a trigononetrical function is “dev |n a mear-llnear
form near an afi§Velepedein aimearchipgaroferBc&eas a8, ng A f #ere,Gthe

si n(WnO,) +aequatmr6bec6ﬁ$es(T+nO) cos (nO,++) +a - n - sin(nO++) -a -
n- G- sin(T-a - n- cos(nO +fl, + n0Q)sin(nG +4))(5) Assumng a G = 0,
then ct) ofit ~ wlfQo=didl l/d¥s( heG6G s‘ﬁ.)x1(4‘H+h9|a)* sin (nCo++) ) .(6) Equation
(6) shows that, n, t he gai é can be set equal to the
proportion of ri pp%esha S & Gﬁ y e°f§ a%lﬁﬁgf ﬁase T can be set equal to
the initial phase+alfnfesmm(3195-t—¢]he out put o),ut of the rotary cal cul at or

unit is eqydal to_ a gJ gt detected device, and the
ri ppl e conponent ~Pn ?he outgﬂ'afﬁ%dat%@ r Star ﬂén gﬁél e detector unit

+ nl,)sin(nb,+¢)) - v« (5)
10 Assuming a . G = 0, then
* Wout= dB8,/dt (1-G * sin(nf+¥)
+a-*n-*sin{nbs+¢)) P (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 -¢)
- - ( 8 )
The amplitudeof theerrore,, is aconcave functionhaving
30 its only minimum point at zero with respect to, for example,

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

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. ' '




can be eI I m nat ed. 20 Furthernore, error between the out put wout of the .
rofary calculator unit and the angle speed HOO / dt can be- det er rfi Apdl 2005
from Equation (6) as err=co-dO-/dt =(a - n - sin(nQ ++)-G - sin(nCo+T).
)dO./dt 25 . . . (7). which can be expanded to e.

- =dQ, 1dtJ(a2n2+Gz 2anGgoghi®-why, thﬁz*Q)d‘Qﬂpil@- énthlo EoRits- 8Y ) thé Sresdiet

litud f th f 3 t mu
pornt at zero wiiPARRLErs BleoEOcRipee | the SurRil dpAlervBER FRGTS an.
and an adj ust phbsecfoof dedweam alsor tedate; tbhquei niipplesalawel obpeedo
can east | be dSHELINAYid: AMAPRLARLISE Suull 4SS [BEoC anfcly eSS

propor‘tlon rrp
Gand T shoul d stetegtes dsbinsgelled mhelFurt&rmmsmcuéhefcpuhputtm;qﬂ@r ran7 5
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i nvention are abetore uce t eout a_rota
can al so reduce réFGuéier“ilﬁsl andngon ?V!%Uf@rlﬁhﬂasﬁﬂm%ﬁ?racﬁmt be

- such as a rotorsm«tpleheuhsnaowwcaﬂes@qb%efédIA%tﬁ tRr frofUEiltiol NCe
| e conputation of Eq uatlon

~the output ripplg, Ca be determ ned sinp

(1), the dui ve(g)av.‘@éelanﬂﬂ%cﬁwpdff%%.eé ther STRET abe it BETRartlR TIpple
Sihrrpl i.f:-ed g’nd cosipoaenbecd 0wy edd uded Srf-‘é cti{r@rBfEﬁHétﬁd}%tI&ﬁ)s yegn
the anplitude. of S zero r onen

oduced | rreopebf ithe @?*W&ﬁrGﬁgt?ww@@&m&ﬁfmrae{% éewaﬁegﬂzty
increasing the pfehesiatargndeteaitoabi lity of the rotary det ector. BRIEF.
DESCRI PTION OF THE DRAWNGS 15 FIG 1 is a perspective view of the overall

CONSLITUtION  ppyEF DESCRIPTION OF THE DRAWINGS |
15 FIG. 1 is a perspective view of the overall constitution
of a first embodiment of this invention;
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.




.of a first enbodinent of this invention; FIG 2 is a block diagram show ng

the overall constitution of the first embodinent; FIG 3 is a pattaprd 200
diagram showi ng the relationship 20 between target angle speed and tinme in_
the first enbodinent; FIG 4 is a patte®Bn diagram showi ng the relationship
between torque command value and tinme in the first embodinent; FIG 5is a

pat tern di agram showi sigséifpd RhloRnal BpAfiNes) Haidapsermand val ue and

time in a conventional devlCe, w showi ng a
modi fication of tRBbpaiEEptaciesherpIesene inviest ionbotl it expl&ingdi s a
perspect | ve VineWesBawi 49 ANPbRELBRAL! k6akhaNacBbnbDfy i ALY fiThEEL Or 1N Lhe
first enbodinent; FIG 8 is a perspective view of "t overa nstitution
30 of a secoR#PSRBBEPFedt of this invention; FIG 9 is a block diagram

showi ng tde overal j fﬁﬁtsbmwhhﬂl@n@of%ﬁegm}@ EBH% e Eggaaiﬁeas a

perspective view of the overall constitution a th| enbo nt of this
i nvention; - Y4h8 I5Terence1tpsFAGHL ok tai agram shovm ng the overal l

~constitution of thentthigsd £gRad nE@feréné\QHddeZPQé S<DERERI{IH @E%ﬁf HE
PREFERRED EVMBCODI MENTS Enbodi rrents of resent | nventi on w |

- expl ai ned i nTREREY AGFEREPBFEY @nEdrEl ?Iﬁl@o HaeRhanyingy retakynggtector

Enbodi ment 115cdmpiisés %@Qdaﬂ’grﬂeﬁcﬁcﬁ anitvent ifm %ltlargecs%@bﬁéﬁ?ﬁ Wi th
IGS. 1 and 2, reference code 1 represents

referen touFI?S }to? _ _
the overal | “P&t&r§ d@chF%r in a first embodi ment. The rotary detector 1
conpri ses a rot ar yThet ectaryumict édtoranghivt @t yoﬁalt%!ﬂsaté?ﬁl%odé%%%mit gﬁgt ﬁg and
devi ce bel ng PONPRES WY Berdp i aRePOran AN PPB AR 189 P3-eoh
rotary el ect rotamnngra}{l:l:s landf eonptasgselectric motor 11, and comprises
a resolver 15 which outputs a voltage proportionate to the
15 rotation 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 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




.a resolver 15 which outputs a vol t age proportlonate to the 15 rotation
angle of the rotor rotation axis 13, a rotation input axis 17 whibchpril2005
directly connected to an unillustrated rotor of the resolver 15, and a
rotation transmitting unit 19 which confects to the rotor rotation axis 13
and transmts rotations of the rotor rotation axis 13 to the rotation
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device 43 which is electrically powered by a_three-phase

a first ripple component, which fluctuates at the rotation
cycleoftherotorrotationaxisl3andiscausedbyinstallation
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)




.al ternating power 41 and, based on the output of the speed control device
39, generates a torque equivalent to the torque command val ue for® 4p@l 2005
rotor rotation axis 13. 15 The out put sigal of the rotary detector unit C
is input to the rotary cal culator unit . This output signal contains a
first ripple conponent, which fluctuates at the rotation cycle of the
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cal cul at or 559_%&:%]:'453“%& atr{]fn’eé'%i)éléor g@htﬂ?t@:%gﬂv%§§ﬁé’hqﬁclaé #‘éé‘&es a
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angl e speed detector 47, and a subtracfer 61,
. to the output signal of the rotation angle detector 45', an
adder 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




..whi'ch subtracts the output of the multiplier 59 fromthe output 10 of the
angl e speed detector 47. The phase adjuster 49, the cycle nunber 6gspri 2005
multiplier 51, the adder 53, and the sine calculator 55 together forma
trigononetrical calculator C3. The rotary calculator unit C2' conprises a
rotation angle detector 45 as an integrator which integrates the angle
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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




..jand an inverter 71 which i nputs the dc power fromthe converter 69 and
“outputs a predeternmined three-phase ac power such that the rotar\ Apaic005c
.motor 11 generates a torque which is equivalent to the torque comand

val ue, based on the output 10 of the torfdie command cal cul ator 67 and the
output. of the integrator 63'. The inverter 71 conprises a firing angle
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signal processor 23 increases in 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




QaX|s 13 output fromthe subtracter 61° and the angle speed target val ue of
~the angle speed target pattern generator 65, 5 and the cal cul at ed érAgeril 2005s
output to the drive device 43. Then, the firing angle controller 73
controls the firing angle to the j75 solihat the rotary electric notor 11
generates the torque specified by the command val ue, and the out put
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angl e speed

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




.13 ‘det ector 47 are applied to the subtracter 61, which subtracts the
output of the multiplier 59.fromthe output of the angle speed détAwilgi005
47; the result beconmes the output of the rotary calculator unit C2. That
is, with respect to the rotation 5 angl é4nd angle speed of the rotor
rotation axis 13, the result <calculated in the equation (1) is output from
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command calculator 67 has the waveform shown in FIG. 4
(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




.as 'a first output of the rotary calculator unit C2' to the speed control

device 39, and is applied to the integrator 6 April 2005 14 63' ardApril 2005
converted to a rotation angle. The rotation angle output of the integrator
63" is input to the drive device 43 as ke output of the rotary cal cul ator
unit C2'. The rotation angle and angle speed of the rotor rotation axis 5
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control ler 738 88 #Hﬁ?eﬁ%eéehdﬂﬁhFQﬁqNQﬁ1%M%°V§§éé%p§ﬁ§Fﬁ@ ?%%n?%E$%ase in

angl e speed, t@f ther geeafgpeieéch%ﬁct@ 2Ngl §nSpeRdragtCORSt 8RbwnaiR
generated in_the output 10 of the rotary electric nmptor 11, and the gulley

37 rotates &fGan an@péssﬁ@éﬂdﬁﬁﬁﬁﬁ BR&sBPYL{BP}8RsiBhENENEPEIEBecdld ar get

pattern showachBeghent? §nnbhFrbBl§ﬂto@nﬁlhgréﬁgéé gyshtually reaches
zero, the angle speed t he 37 al so becones zero, and the rotary

electric motor 11 FBE ﬁgt?%lgtaﬁh%Qouig phety. deheehPE QﬁsEhetﬂ%r?quue

conmand val uemebd&henﬁ:orQUﬁprﬂeaﬁandheal eukal 0er671has therwaveter mshown
in FIG 4 corresgondlng to, the differential value.of the sgeed gattern

of FIG 3), B&ETRASHIPAE PBiHtT GRS eI ARGr VARECRS BPI2E1T_ER DN axi s
13 is input diregridsybfieam Fmelscemprué @g@@émtonvahtcﬁﬂobtteﬂnheus@eqdmont r ol

devi ce as | a conventi.anal as th e s e d of . F
o casa v d g N e PR T AR 18 B 28 T EhE RS Sl £
5.- The freqaﬁmsylandsaeghalmyeaotephabneppIESrtMGrmase,umlthom@b @he angl e

3pecd of the,LgbescobAldgn A A1 LS I 0Lea98a 110, of Lo R VY B9

di sappear as the angl e spee reases ereareripples in
t he torque cbhﬁmmmdtxnnzgansmmtthnguhmifﬂéqueh@haﬂmﬁatmmmammw@:exlmaxinum

angl e speed, 1"735&%&‘88%% %gigcfe%se&fétfoéE%Cﬁlfiél%s{ﬁf?ﬁ%%%ci‘oéé‘ti&?

syst em connect é to the rot ectric notor e resonance 1S
being eb&it bgapAmihsingsdh 1ead e rogedionoinpionxdsi b7 13 Asedlos  a

speci fic anghg SRE&SE kHRpILSIRTPAENY aLR. POLSLy Hkector unit €1 may

comprise an optical encoder wherein a stripe 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




Vi brat i ons which are potentially damaging to the systemitself. To prevent
this and increase the reliability of the system 35 the r|g|d|ty<ﬁﬂ@ﬁk2mﬁ
.overall systemconprising the rotary electric notor 11 is increased to

rai se the resonance frequency. However,l6since very strong materials and
reinforcenents are 6 April 2005 15 needed to increase the rigidity of the

system the raswilhates an be%e_»aaﬁctenw&@gl ‘Eﬂét tsffﬁhaedg%&%&b SY$t ek

connected to the rotary electric notor tras as sh 'm- FIG
4, this enmbodiPkdst HecHLTNPpeLEd li-n Wh@nﬂidileqtfegaialﬂtﬁ lgad@lfs’@lﬂléﬂtayy has no

probl em of | RGLER$EE KO 1I1n%s<@§regaéﬁ %x@ﬂﬂhggrégtﬁé'u%eé RHOLoPht he

first enbodi ment conprises the resolver ere are no restrlctlons on
its constitufPEAtARG a¥ds bldn st Tecbtawarp hne pbesidiisccoryr dexaaplien a

gener at ors Wizl 18 dife 21 OH R s Lk 3@'1’&?@1@@?&9 & &b%acf@c&fb Baﬁg@«@ﬂ' e

speed of the rotatlon I nput axis 17 is equal accept ab Fur t her nore,
al t hough t he thEoR%#§ SPL& of Hehe gk éPEéFP—P@ W‘»f’)rl-’*lénﬁsth@ axdrs coxd by

the rotat!onoEr@ﬁénhuvlaanﬁab&eé9tangntﬁ6119ﬁ§£k99ean95£aéih§ atis &PiS
does not inply restriction to the use of the rotation 15 trapnsmtting unit

19 and the r&P&t Faﬁaﬂﬁp‘éﬁe%@@% 8%, wlerghyvtheppmpdy tydecénphe riPEl € 6,

“the rotary debﬁpbﬁénunfluéiuﬂﬁés cCorprdurd ahcarll,cal reRgederaYbeigtHra
strlpe tern. tervals b ﬁ rovi ded around the end of the

r ot or aUBHl s 1§ 03518 B@ Pagd CPTPELFER| anheS812d Rt EPRed in
20 a S|gnal peocesapabza ofAlchenddhigvalhe B EOWhdde R ud by theing@t ation

otation tr aRERELV RGN EoTbHYS Fofg SLERBrIe et ERpIRsA couBEAa | o
- Subsequent | ycaacsdabod &hpadidnenja of _aﬁleStIeIIVEVIt i cmap/aHJJe o&edet@d:aizm@d with
olerence 1oGEb S AraaY PorbR LReChE s STROULEEL, Lhei Y Bl i o

C2 and @& amﬂicchhma'ri@gmiwsdgglémea’eargs.aﬂﬁdmaemrndmmcam 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 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




..30 no restrictions on the nunber and constitution of rotary calculation
units, which may be nodified in accordance with the features of ®heprili3§be
_conponent in the signal output by the rotary detector. For exanple, in a
rotary detector wunit C, conprising a rdtary encoder 87 instead of the
-]15, 35 there is no second ripple conponent caused by the j15. On the

other hand, whenpbhgiecds paeklasdh ope it n0balli Bnmeh@Ns M the Nebildy 19
conprising a _coupling, the adjust phase_ 6_April 2005 16 _fluctuates in
accordance WAERSERETt br qhiBedrPeet A8heEPiRiRT WBikr§o cfiBet Fhe #HESTRaL . When

the negativerboad pftddeidPhant skaghiiec Dt @heldrexerd s am eyigrml force
aga|nst t he I’OtO[ rotatin axl s, 13 in a direction war pl n t he axl s core,

g
devi ation 5 {(A)cofipFPEfce T Waite ofi 28eofYFhe RBPREFvERLBaARbEERY het ween

the axis goreiofint fRer 8b0Ar{Obal E0YatXrSuRBtagd  t hgs ay¥ScE@ree St tte | 17

connected to_an unillustrated rotating axis of the rotary_encoder 87,
wher eby the arpliR G&éso‘?mk??fgl’l“?rbw ghec%memfmqn]dgfﬂg{llpﬁlg&cqpht case,

~arotary cal cghateymplti d8H thephasdadhdsberused wihehcger® hugderagiase
adjuster 49 agibl e gf chgngi Hg thg adguat ﬁhase val ui %usi n%%
positive andmﬂégé VBT coldestBf eAgeburput 2BF The TORGUERLTHAARTT TA1 cul at or
67, and a gakEmbadjmeher357 ' ' capable of detecting the external force in
t he war irection_qf the axis.core 1 nd, changjng_th pl enent gain
by 2 cortCspondi g b SHpRaiEng o 57 e FBRETER e i HeE R,
enbodi nent. whehr pefieyesabctbaFbGsunilo &38& tbnprises a phase adjuster 491
1, a gain adjuster . i NI it I I s the
signal fromthe tO:Frgéée#&%ﬂaﬁﬁggcgﬁxg%fﬂ%{a%}dﬁ%gggﬁ N elfoggamwn%%b%{e?#ﬁer it
i s negative vnipssi€ivand The)cade ddfacenhi hg thetrgbavytpatculatidre phase
adj uster 49,4 i~Cheput rede ' o £ e MaluUeSE ed on
‘whet her the %ﬁ%’ﬁﬁw&'r%e’ tag?q%uzg ?o’m%rgﬁ?og%ﬁg&?aft%ﬁ 8@@ I's fégisji?i vge?%r
negat i vél5 Whéataatext by nbntf bhete| arenno 26egFbictiendnan he ediseincRir ps

gge ax: : fggggg‘;gg@%t&%h%r of OLAEI N 1@HS dSredoauRiel i 9PbthAf] uster

’ 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 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.




..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 the fi osApnili)dise
_conponent described above. The 30 external force detecting unit 93
conprises four load cells 91, which aret®rovi ded between an unillustrated
floor surface and the four corners of the base 29 and output voltage
signals in accordafcg c t | and
an external force caIc%*%%g?ﬁﬁﬁi%ﬂ% gﬂ%l%h“@% (ﬁ¥%%§?e§2ﬁ%ﬂgf%§§g%ﬁ§? force
~in the gravi RaVi beamadier withdn thensehpe ofit phes iovenhdéohead cells 91; the
-external force cal gul gLoryi Ak a v OIS fl gl 2B+Qkyt BEcgXLEENAI
force. That 6 A£FI| 2005 r% IS, ano natter ﬁﬂl Jﬁgt%be?at?% env?ronnent of
the rotary 8é&t h,itérlrlverﬂwreo&éledétl@pﬂzﬁncﬁ@pgnﬁntsmemuouﬁéuéxﬂégml
force detsct bagsual by y CheBoae t@@ﬁeéé@relrtrscywean'@e%g&tﬂ reffidesls zero.
The gain of the cycle glnrrutlpler551|nt rotary cal cll ator
unit C21' |sm6i<l@6uft§ep@é§lbbe 7o 7Mefugg Sanmwlimmrtes ké api gbRGEELEI cal

cal cul ati on waktbr {r var £66P EH@@% ciﬂ’&‘ct&f@@@réld?léﬁb%étég by the $B€at¥Eh e
nunber gain nmnul tl‘$| ier 51, e adder 53, and the sine cal cul ator 55.

Enbodi ment 32DGLR 46 et eRidditmedld dfo LAF¥eRAGRRE GPNKnOL BerERprarFed
wth referenegg taeEbGecti@tard.11. In the first and second enbodi nents, the
rotary detection unit Cl an are ad aceﬂé to the rot%ry cal cul ati on

units (¢! c2 ', BRgt lnc%rH“% SGEONE: TEBP Pt FRUSRA MY EhEoraFgTys

detector 1, autet:heﬁ_»auaﬁecaﬁ Heesl imThia 088, G liétﬁ)xﬁié§ba§(iér @ngddensityons of
the rotary dﬁbectlon uni ts, _and rotarg cal cul atl gb As._shown in FIGS.
te Bor

10 and 11, ° 5EHPYS 841 EQrdrSr iR %QCﬁﬁﬁeBe Vn8 LREHOTR t he speed
control device 39rFanthehe sdmcectlevitpud 3iphileeeot It(hech“aueery,d@ateetaﬂ 43'

requires Totghiencagole LALaLHRLLAM,tDe oULRU! 0f L, Lot aEK, calepLator

unit C2 is input egra or irrng angle con
The rot ary cabhdutantrolndeviCes ©§ hbe astdaherecasi heesfihplifistl angpl e

conmponent Ca'ﬂﬁ@ﬁr 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.




..by 'the rotary transmtting unit is negligible. In this 25 enbodinent, the
rotary detector unit O may be installed in the rotary el ectric reoApnl 2005
~achieving an advantage of sinple installation. In the enbodinments

descri bed above, the rotary calculation@nits @2, C2"' , and C ' ' are
anal og cal culation 30 systenms, but the constitution is not restricted to

anal og cal cyhati 98 epdrfigi tak calculation is acceptable. In the
enbodi ments descri bed a%ove, the detected device is a rotary electric

nmotor, but there are no restrictions on the device detected by the rotary

det ector. Fof exanpl got3pyt BErdetEEt 8mPLYE¢RgIRY be a rotor, a power
generator, a linear notor which uses a rotary encoder to convert a |inear

di stance noved by2ar?AEbldetEcdmnunitawhheb] deterts rotariyonokigneot 6
April 2005 18 kptaedi bhgn to the above, various other nodifications nay be
made within the scope of the invention. As described above, according to
the rotary detectof TPFa¥hiR@IGHAHIFDMNNhEmpIEisd nGoapbABAELPR ardERIt put

signal 5 cageedchyrthghiehanytdetg§Ctpe kbegtiofalnheedbeaELYAr BOLSLY,
making it possible to reduce torque ripples of an efectric notor and

q P >
various type&ngf @aBcRndLEr EPegeneraPelohyWhAeh, deherbh thaghrIbet eed unit,

and to increaseshhe £686fplbaesd Wiaie odtipdthesesashiuabpasy d8cEetdper,
since the tor ug_ripple caused by the rotary detector unit can be
e

elininated, PP'bécones easier to identify the causes of torque ripples
caused by other fashds.rdinghecalsuna@orheunit puls r cppkrastekrikba rogary
det ect or. ungt can_be determ ned by a sinple calculation, the drive 15 and
control devi CEPEFSHAE  act uat or can be sinplified and their cost can be
reduced. Moreovera srngenthetrippl ecabopbatat whichecakouletesi arsedpecti ve

of the rotating,argedsobok i dgl £GLodr IBHL Foral 80 PLEGIS! 98- 80¢ea by
. y O e rotary detector unit 0" can De i ricteased.
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 April 2005 19 WHAT IS CLAIMED IS: 1. A rotary detector conprising: a
rotary detector unit which detects rotary notion of a rotor; and6Aprdt290§
_calculator unit conprising a rotation angle detector, which detects the
rotation angle of said rotor, and an anng speed detector which detects
the angle speed of said rotor, based on the output of said rotary detector

uni t; said relRerten! GHLRQinPldids HBRRBHEEI LR SABY 1y Botpdt
trigononetrical cal cul ator which calcul ates a sine vgige or ‘& costne val ue
of the rotatil&n 2&LGreagecewisd bhe satatienappgdet eét spidargaPn-adj ust er
which nmultiplies the sine value or the cosine value, calculated by said
trigononetrical calculator, by a predeterm ned gain; a nultiplier which
multiplies tRe out PHe It @eéﬁi?ﬁoré’(ﬁ deseribgd iRC Akpdr ssfidupEaEygl e

speed det ect @eitedtdr asubt hachg! pudvaiIDELgetSed he ramt d 1 Pf raahey
mul tiplier fromthe output of said angle speed detector. 2. The rotaty

detector as G@<CM'B&QTi Hdftaim 1, said trigononetrical cal cul ator
~conprising a phase adjusting unit which adjusts the phase of the rotation
angl e, detec%ed by said rotation angle detector. 3. The_ rotary detector as
described in’cl ai ntie XhHaF Y ?E??toﬁgﬁe‘?ﬁ%ﬁ’rﬂ?ﬁ‘i BRI L nF B S BESBR TR

whi ch creat edegec@ulrpuhiti hoaetagdangd whthriyheanetahitep apgkte of said
rotor. 4. The rotary detector as described in Claiml, said rotary

detector unit conprising a generator which outputs a voltage in accordance
with the angBe spegHedfotsaiyddebéctor as déscribed YndEtiol 0 =6 desediped in

Gaimi, Sa'gai8h§5¥0% %%TQ ég%§}fg£ng 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 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




.detector unit conprising an encoder which creates an output in accordance
with the rotation angle of said rotor. 6. The rotary detector as @e%wili2968
.in daiml, said rotary detector unit being provided separate fromsaid
rotary calculator unit. 7. The rotary detector as described in Claim1,
said rotary. detector unit housing said rotary calculator unit. 8. The
rotary detectelcaladesChinfiad dut fdtdifgl a SAdeht AR ¥ngTal S¥5AL P w4

- conprising a unit for reducing a rippl'e conponent of  said angle speed. 9.
‘The rotary d&CEUCES SRedethipldaPunenany Ml1Sasdi F iy angdiouRraEorM uni t
cal cul ating amgaeoteSPSIGNAANGH IYh GRlgGat £ RE r iPlle Copédent @ say (nO +
T) where Orepresents the rotation angle, Grepresents the gain of the gain
adj usting se@ﬂgiﬁ, S@FEFresent s the adjust phase val ue of the phase

adj usting section, and n represents the nunber of ripple of ripple cycles
in the outpuﬁ of s&'bd rotary angle detector. in_qQne rotation of said rotor.
10. The rotary *det 8PP ERAL YIESEFT bRE aSries & Hrad 184511l aSp 1L EP RN %t or

- unit conprisicagcalagbl hAltredusd Ngrevidap! i RENamt a0h1eahditptat i on
angle. 11. The rotary detector as described in Claiml1l, said rotation

angl e det ect Fvggﬁpri sing an integrator which obtains a rotation angle by
integrating the output of said angle speed detector. 12. The rotary

detector as scri in Caiml1l, said rotar al cylat,i on uni,t. conpri si ng
an integrat odegT' or ?ﬁgeggor%aaﬁyngg}:?g?:ara%figsgﬁég’&%ojtﬂ #&F%Et 5ajd PHIRE [ ot ary
detector as ddjuosthed sectden imalingai ¢plruotedrigt yoohAprd ju20@haze calwed At or
unit out putti i qggd i I i r.educes _the_rippl e.conponent
of said rot a"E—:1 ?gngﬁ%{’gﬁgg% an ﬁéﬁ%ﬂpﬁ sopﬁég;é)(%;isgﬁgl p&ﬂf@ﬁilsgdageggqlﬁset ripple
conponent of phakd valege igpeedordancehel thteatprdececode oS sdéscrobed. i n
Claim1, said rotary

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.




»cal'culator unit being provided in series in a plurality of Ilevels. 15. The
rotary detector as described in Caim?2, said phase adjusting sed April 2005
;having a plurality of adjust phase values and sel ectively outputting one
of said plurallty of adjust phase value%2|n accordance with a torque code
of said rotor. 16.- The rotary detector as described in Claim1, said gain

adj usting section varying SaA}gs@fﬁgﬁtc?f “Eﬁ‘gddﬂééibéﬁ‘re accordance with

external power in the gravit on the rotor rotation
axis of said rotorThergyarydetegtor ngcgir%mwr@mmnm@’éwn genpEioes

according tod *i‘o%argr‘éﬁ@ttraelﬂo@ﬁ}?it 5@? @ ¥ Qhoh ‘é%tt%@t%r rH‘EhE:R/qnotﬂm whi ch

detects rotary not| a rotor; and a rotary cal cul ator
C2" conprisi ®f aresegsiand @ﬁgltérﬁétaéa‘ﬂrat%ﬂ%ht géréd's @%‘éCP@Pﬁlﬁéﬁgangl e

of the 1050 5 288aR408N9h618 RRALASLECLA ATaubLERs B eGistatlib anghe speed

of the rotor, based on the output of 't he rotary detector unit. Thé rotary

cal cul ator uMf WenEeitess andt ap RRhetTReed defieahoR ¢ whichzdetegtsyhi ch

cal cul ates aHiNgnyabupedid &f T02 AoLYA] Basely dhenedd @t Vﬁ]@@ odneh & rdehegt ed
by the rotary deteCtor; a gain adjuster 57, 57, 57" mul ti Iles t he

si ne val ue oﬂQﬂﬁ9W%%|?%#ValugthﬂQﬁﬂ%&eﬁalﬁylﬁﬁﬁrtHﬁiﬁuﬁﬁﬂ?? a
cal cul ator, ft&tla;d@fcﬁdﬁtxqrdmnealeauatoracwl &3 p) i 3hiddO caMaaateul ki plies

Lhe Ut Py Ofsle g9t ol uster, by e out e Gl bR
fromthe out pt tofe rbeaapolietepeed; det@giwradjuster 57, 57', 57" which
multiplies the sine value or the cosine value, calculated
by the trigonometrical calculator, by a predetermined gain;
amultiplier 5%, 59' which multiplies the output of the gain
15 adjuster by the output of the angle speed detector; and a
subtracter 61, 61' whichsubtracts theoutput of themultiplier
from the output of the angle speed detector.




