; e3eLR6T R Specification Mtor controlling nethod and apparatus thereof
Technical Field The present invention relates to a nethod and apparatus for
controlling a motor for driving a periodical |oad so as timp

changing in its rotation speed. Background Art Fromthe rjwmmmm dis
proposed for repetitively controlling a voltage, current so as L0 cancel a
changing in speed due to a changing in | oad torque, as a net hod"t or

control I'i § e"ég‘i%‘PBr for driving a periodical |oad so as to suppress
changing in its rotation speed. Wen this nmethod is enpl @H w)ﬁ

fidelity ks inmproved &{%%d nt a a,f,isesfinthat i nst m,”mﬂmmgglized
in hi gherll\f]oﬁ?r Toikex ."‘gdq‘e § é‘é%tpPé‘rg‘\?‘,‘s WAERT i del ity is | owner edowa .
di sadvantage arises in that shifting in phase is realized. Wen fidelity is
i mproved, g diSpfieat age arises in that the current becomes too great,
power devices and a notor with great capacity should be enployed, thereby

i ncrease i n cosThe present inventionrgelatesrto & meshddoand apparatispiop seataelling a

det ect i Ng ubtérAbPAriNAE hipeABdied] 16hdHRtal ko BepRehs CRAREIANS ifiCieRtdnUpesdl ues for
vol tage and current and the instrument constants of the notor, w thout

enpl oynent of a rotary encoder or the like. As the instrunent constants,
det er m ne®@avigdrorsd Awte used as they are, or values adjusted at the

manuf act uri ng tim ng,are used. .. Therefore di sadvant a i ses_f.or the
forner case n Pt tof et 3 mombde Bephche dor tERHH RN, AR Pling & virflee

i nst r unencuxrentssaans $o canceharchahgingie apeddedwton changiog ibdoadr tovere, ag a

di sadvant aaeny fof Estfdfing Aot P lrifiAg JeRiohlaRt 1ohd\6d £PRSupBrei Harlghng
realized. Particularly, en the voltage and current are controlled so as
to cancel ZpeEetatiopRseg due to | oad torque changing, a disadvantage arises
in that the progafaiti hethod & @EibE, and Fhek fiBARY i Piprovedda Mla@Varitige

possi bly di,veri;qedfl The %r esent invgn,ti on V\ﬁﬁ made in _view of the a}l?ove

di sadvant 258 1 fhatsingtabihy Jg reglized jn Wigher, Rarmenicsn: OFntheqcopfrary, whep, o
control | i fidehttistnshetsd] adpqadyv@ithge drives 0fhavkhiftingtiarphiaseis evdized.abi | ity and
can realize decggase.in, coat when a . voltage and current.arée caogntrolled so
25 to suppress SpEpdchirfimptoltd, gty iither & Mg gt botned’, -
obj ect of tedgrepk, powenr dévicee and armeotor phthegreat sapucity ghonld bd ¢mplgyedetherebyl  and
appar at Usiﬁéi@{]s%% coiSRagAR | mprove rotor position detection accuracy by
identifying the_Instrunent constants when a_rotor position of a notor is
det ect ed based &Hpeher e methodis pigoprepqsgd ferodetesyingah soter) positien afhg mater

I NSt r uMenthagdANioa BhS ddtbetion S aliel fr voithgbQiHd cusleRfamd fhetifdtyurRdtt Rekastamk of he
|i ke. Disc]osure of _The | nig)entl on_A nptor ¢ ntrolééﬂg?net hﬁ‘d of claim1 for

control | i e 20be witheut, poployment ofp Jetacy epepdsr gp f i ViSntPeBeirameRtl | oad
SO as to souypass deteirminedn valpee cire hasedi ag théy tdre notvalyest hdjusted haid the

compri SeS iRt GhRe RniPhEcldeR AlerdBASh dhaaViARIP IR, YRS SAIRUE Of

an angul ar acce
in that an area is generated due to the changing of the instrument constants, within the
area the motor cannot be driven. A disadvantage arises for the latter case in that
increase in cost is realized.
Particularly, when the voltage and current are controlled so as to cancel speed
changing due to load torque changing, a disadvantage arises in that the processing for

detecting a rotor position of a motor is possibly diverged.

The present invention was made in view of the above disadvantages.

It is an object of the present invention to offer a motor controlling method and
apparatus thereof which can improve stability and can realize decrease in cost when a
voltage and current are controlled so as to suppress speed changing due to load torque
_changirig.

It is another object of the present invention to offer a motor controlling method



and Controlling the voltage or current applied to the notor so as to
determ ne a phase of a fundanental wave conponent of output torque changing
to be nearly reversed phase with respect to the phase of the fundanental
wave conponent of the detected angul ar acceleration. A notor controlling
met hod of claim 2 controls anplitude of the output torque changing so that
t he fundanental wave conpgnent of the angul ar accel eration becones 0. A
mot or confP®| IRRREALHR ¢ theEPob WRiFly Gan3 inapmorgyroter positien (dstrstien | 4rguigey d¥sum of
a di rfect ﬁwhh@’iﬁg ﬂﬁﬁﬁﬂﬁﬁﬂbnf@dﬂdsﬁnfe%ﬁb&lﬁ?fb&@t pddémbﬁ oﬁﬁﬁfﬁlﬂ%ﬂﬂgteﬁ&d%sdcﬁaﬁ
one of an yt vot u urren .1 orgue conmand. not or
control | i né‘gI ﬁcuc?n vfa F£°“"°f2r i c%regt %‘f‘@? "i’sgfu RV 8%@5%0 Yor as
t he notor Wl@ndteﬂmt@yqtawwbdﬁeﬁ‘dwm in correspondence with a torque
changi ng waveform of the conpressor as the output voltage, current, or
torque command. A notor controlling nethod of claimb enploys a motor for
driving albssipgnresfdihe dnvenign npt or , and enpl oys a value formed to fit a

typical torque Ahaamrwneraﬁe Ghéthed of hauﬁomreai%uﬁﬁg tft%lt eptm\rattt age,
current; or to ue co tor g{i)ntrollln nmet hod aimo6

cont r ol | i ABPLEAAEI% gter F“’E\Srlteé’r‘? icgl jopd Pugp toosupPrRSE 59tat1?1bmeéﬂ cbﬁ%rs@t so as
to suppreske metoa,tthemesmﬂedm@ﬁaébgihagte@ﬁ of: he nmotor with reSpect to a

peri odi cal | oad the ste Part utting
negat i ve tor que F¥S fes fﬁ‘% ﬁé ﬁ??lvaef‘tq;@?meﬁﬁb e F?‘E’ip%‘ﬁn{ %fgﬁgh%fr %‘6’%@ Y2duri ng
t he aboveaogerati on for notor driving again. A notor control i ng met hod of
claim?7 further r.at the
output vol t age. CHTEUNES (B boiRBRE1ARhP R AR @ el o L8P Mol o "2

vol t age oPheser pleatfugdpmpentall wage er:ompmntfcrfomtmt torges changing 4 heonearhpr ess

rotation spResktd IR0 WNS REpdcheo Ehe KRb QF thd FfhdaRIRES twak® cBmpPsienpdl fi@ | 0ad,
the nmet ho rises the step of pContro ling the voltage or current not to

exceed a gﬁﬁef’t@ Pnﬁlﬁﬁfﬁﬁﬂeﬁtoﬂe of power devices of the inverter taking
precedence over Atrhﬁ;oﬁttmbfoﬁ&fgl 106thod of elhiat BQantsaeedlpﬁttaiégifIﬂﬂe odpiDioddue

troll et h trols th t d
o cur rent “MlBEIRR 3] 18 Bdpasal Yeichmbo it Pl aSRRe Rl Bt onlteon G Che

anpl i tude00f the out put torque changing. A notor controlling method of
claim10 contr Oh%nétbﬁco\ﬁ@lloi &tuo&b*fcﬁﬁﬁ{)a E‘Bhlorﬁ;é’a%ﬁ@%gnﬁstﬁlg dF e ”“m
val ue of power devices of I nverter Ing the waveform o

current, QPetagETeRt compoppnt @eﬁwﬁaﬁ@dmset waye mmamqng a8 qtolrest qned a@ur rent

VAL, SSDOout ol ANPRAGN dimqubckiacont ol g et s of el 12

carries out the chan ﬁ ‘I\{E(\)/e

current, vol t agh ™o @Pg"ﬁ (S'I‘ﬁ'rﬁ fieim 4enaployspnefor for deiving afgmpressor
control | | ag thedved, afid enploys 2vahad forinad &8 corbdspbmidene® Withod t@qi®©tldngh@Si ti on
using a c v mot or_and _the_instrument constants
of 1t be motayEibim APtheBinb Ao BitahvihalRBhrelh Or Liind AHAMIED COTC
based upon the éam:oarr @P@@lhnﬁm’ﬁhﬁt¢f(9h1mt5rfenmsmdot@0fppldnm a dempzesegr of ;
Reduci ng %B@h@-ﬁl@ﬁ)@tdrﬂrﬁﬂloﬁrﬁ 351[19 'f‘orﬂnfedttg'ﬁt 'a@§§15é1rf§lqltue CRAS AN Wwavétbrnt BE

notor, or an error of sensor detection of the current, voItage based
upon char &3¢ eampresser %\ﬁéfﬂtlvltdf’lttl&?aelrr%tnqrtterqueawtlm@mh ng method of claim

13 carries out hhﬂofoQCUdﬁﬁrbIlmgQﬁethb& oafcfaeﬁtes m &:fntltohﬁlgeﬁ wartagu‘ of lg@rrent
a sen

t t t t f th
o a nare BRI 8 G oGk HoR A Ceren L £ PIBrIRR R BHOB P A8 My s
conpr essomaer wihle réspedt toha peliedical lead, thenoethed congsridel theadftémalfi on of the error
o e 1St eSS0 o4l PRREE ol el dhaOF @ Sensor

utilizing the torque-ri resso or controll'ing nethod
of claimlb adj Yéiligingheegpperatiempnver: dnsng the abevegaperaficie forr mptee duiving que
ripple ratgggin th respect to an aver age torque to be a predeternined val ue,

t he average tor e bei n serveo ect whi ch cal cul at es
i nformation for “t”fﬁro? q‘ﬁ?&“’tﬁ gist gﬁ‘@ itflrlftgﬁt CFFEEs, Bt SoFRPensAtiotg t o
t he not or opsrdtibh foridead flﬂﬁ&)lﬂthmﬁﬁtimltﬁg@f t he notor.

A motor controlling method of claim 8 for controlling a voltage or current

supplied to a motor from an inverter so as to suppress rotation speed changing of the



A nmotor controlling nmethod of claim 16 enploys a value determned in
correspondence with at |east the rotation speed, torque, or current) as the
determ ned value for the torque ripple patio. A notor controlling apparatus
of claim 17 controls a voltage or current applied to a notor driving
periodical |oad so as to suppress rotation speed changing of the notor, 3
the apparatus conprises: Control neans for detecting at | east a fundanenta

wave coan’f?&‘HthH? reéﬂecéﬁ‘g%uP%F°dé%élaér@ﬁlnéﬁﬁh°da‘f?ﬂlﬁf’éﬂ% IstsPRE t he vol t age or
current appl i edComtrillieg 6id @ltage ofSutrentdedtad Fkéred a (HRAHE nﬂfxuﬁufnmﬂarmt al

rospect | BoTcteRientl BB eledlef RnER AR athen Seor nmabinte B TG B PR

angul ar acleaiggrgati on. A notor controlling apparatus of claim18 errpl oys
means for cont fﬂ'dﬂt&gccﬁﬁmlﬁ%‘ﬂﬁﬁf&% th:?ﬁll%ué Rttt 1&&%“&‘01&@%%9' ﬂeﬁgn&h%t the
fundanment al wave conponent ar acceleration ae the
control nexeged amm%rm%mmnbwahungf@pyar devicesosf Wieainverter bnpedueingnthens

enpl oyi ngampkfldd@f BRbHtHit thuetheh of a direct current conponent and a
fundanental wave conponent, as at .| east one of an OUtqute vol t age, out put

current, and to d’tb‘&%ﬁﬂﬁ’é’l‘\‘ﬂ‘g method of elaim 19| contrals dhe xoltage i current Bt tong
appar at USetbed laadudte® zeminwﬁ vﬂumbif(pbwdf awieg o tﬁh@ﬁ'ﬁfr&ﬁe‘i‘%y Afanglify tHat or,

d I f d d th at
changi ng SRV B BPERSEdRek €t Pral CRimarh 1 FHRT RBRe upvemecii,

torque comcmwwlsretsp@t(t@ﬂmraabrmamenm notor controlling apparatus of
claim2l employg Boffp!Bhubii dﬁlhéﬂoﬂ%fﬁcﬁm&% ks Bt AE R %5, NheCIP! Oy
nmeans enpl oyi ng a val ue med TO Su| pi cal torque c ﬁg wavef orm
of the coWpreeEwby sirring thrvprrforpypf ﬁrgecurr@m,rvelwge mtorwq\mnmﬁmﬁhl a as the
control neRRAgardAalid or controlling apparatus of claim22 controls a voltage
or current supplied to a an inverter so as_to suppress rotation

speed changi ng Of™P1RE AR mgm’{‘?f[‘?‘g]é’ﬁék’t‘mt B selpelategdinfosmatign dor gheotddi n t he
appar at USpmqi)eryﬁn@ﬂ curteiet dodrvowbigecdppliad té &hloYorGutpbd Meti@gtht ¥ohstadkslore from

th t . i th b at

for ot or U moftgeith aifofs ihe FRER Hy BeeRE PRl B8 PG PR W8t us of
cl aim 23 eatpilatpd imformaticey, therméthod h@nprises tlye stgp ofit conpensati on operation
for dead time Ofeddfngilh Ritbertol dralBrrod e {ﬂemét'ill\{ﬁﬁﬁtecronsfb‘nﬁootfgﬂ? R

apparatus of claim ntrols a vor tage or current

from an i AY&rrErof gosensox fHrsdabentien of the zfpmnt,s‘p&eae bh%dg\‘lm @famqii@rlﬁrmt or

Wi th respgfdpeity ofloR@r i 0di cal | oad, the apparatus conprises; Control neans
for Controlling,the voltaﬁ;e or current not to exceed a current maxi mum

val ue of power Q&ptuLeniyplling methedafclajm 13 eprrios gpbthe yedncion ghthe gffaction

suppr essi oftheferfoptofithecinsirpment enatagtaef.thénvsrpsr horirfodlof h REnsdP PAeatans Of
claim 26 gﬂﬂaq ?oaﬂﬁ??ﬁ or controlling the voltage or current not to exceed
a current  nmaxi rum val ue of power devices of the inverter by reducing the
anpl i tude of thénmﬁwpmtrpﬂ;mqwthMglaﬁvg 14zmpldye acompreskorrmedhe load of tha not or

control | i RRtEPRA REY®s e AFRliM SGns mbpyﬁhmmnfe% c&ﬁmnw{,fth@glom% VOLt age

or current, not tq exceed a .current maxi num val ue of power devices of
i nverter BRP FRIRGPAEPCRALIADE s torre rinpde fthy etmETeRAS -t age or tor que command

into a form havAmgpter doﬁ%ﬂm@&ﬁéth@dlﬁfr(ﬂﬁihl 18 adaus*t@matrmehh@nmafsams
current, 90 de 0] nmeans th or contr [lin ai'%pt?'gléag us of al m 27

e contr
enpl oys neans‘t:le{m}n EVFWQ rbtm'le {TRHO with respec to a orque to

predetermined value the average torque being observed from a section which calculates
information for a rotor position using the current and voltage applied to the motor and
the instrument constants of the motor.

A motor controlling method of claim 16 employs a value determined in
correspondence with at least the rotation speed, torque, or current, as the determined
value for the torque ripple ratio.

A motor controlling apparatus of claim 17 controls a voltage or current applied

to a motor driving periodical load so as to suppress rotation speed changing of the motor,



changi ng of the waveform by clipping the waveform of the current, voltage
or torque command with a standard value, as the control neans. A notor
controlling apparatus of claim 28 calculates information for a rotor
position using a current and voltage applied to a notor and the instrunent
constants of the notor, and controls the voltage or current applied to the
not or bas d upon .t he cal cul ated information, the apparatus conprises;

Af fect i on"HeAPRBTEBHCIMBINES'f or reduci ng t he affection of an error of the

i nstrunment consCeutrsd méarshfer rmte@rmg Qt led’starﬁmﬂaﬁénial mmsobmi)&rendeﬁe@ltl on of

t he currept vol t age, base errstrc WA not or
control | i n gularcee] ?r pliogyang 88'0 Yogtg}ageﬁre bezgrt?&%ﬂ"%ﬂf" P

r educt i ondefermine aanihaeetorerfunﬁamdmalevmrcom@omm oi“ nstmrlu hente clomgirgntoseof t he
mot or, Orpg feivbiRbd anas@ vﬁﬁpﬁegf)ec‘f\@@fhe%a% @tﬂ@&%&%ﬁtdl%@% Mﬁ neﬁt\?3 f he
affection reduction means. A notor control [ing apparatus o

enpl oys at ulpg acPRleTPHOR of t he not or, and enpl oys neans for

reduci ng the af Aeﬁauoerbo@tfromlhg ﬁrpaaartu@foftcmml m@teﬁﬂiﬁ@y@t mEaMS F@Ndont@flidghe

not or, orthﬁ rtofasnsor UtIIIZIRtg g_lg ue rjpple of the

conpr essof P H’ he pRpt frave chrogmgordah 'artabrrﬁrer gAmrRoRg™tafpar at us
of claim &ileamgplao)asceﬂm-aﬁmB@bm&dpmtthél@ﬂti‘wmeaﬁﬁrurrent constants so as to
deternm ne a tor ri e.ratio wth to.an average.torque to be a
pr edet er m ned v‘glmomr F‘ﬁ’eroélbn& appargtyp cﬁfr‘ea’gle(ihge"%%yerr%%mf %H?Jr?yén%e ta}"(?n whi ch
cal cul at esonsisting 0fie sum dof erdicect otromt pospérnenh and ik igndanentalrweayetcompchent| t age
appl i ed t Qg A 8adiRhObs ﬁl'&ltflllﬂevo'lt'a?é 'onH%l@rcuﬁPlFLS Lﬁtmo? corf¥a P Lé) h’e cOnt élhe

af fection reduction nmeans or controllTing ap aratus of m 3

enpl oys nB%A%S-for enpl oying a value determned in correspondence vvrth at

| east the rot atAOﬂoﬁﬂeaﬁmmrgqugpaﬁfuscuf reBlifn, 20SethpBys el %mm%vvxfgl we for
| e rat the affection reducti.on neans. e not or

the torque r n t
controlli ﬁ‘ﬁn?fg%%da%ft & 310 Tg and SHPIOYS oAt PIRIPHIBE fetalng sf%é‘f‘e‘re‘&st a

f undanment edrrespuisiencamatie attofifueachanpigg| wavefEae b flet todiipresudsl a6 bk ratputt he

vol t age o, ren plredtothe mtor s s to determ ne a phase of a

f undanent ?lgﬁﬁrﬁvcé“%:%%p"%ﬁ%" oo ] ﬁ?%tﬁ“ﬁ%?o(ﬁlgm?gﬁ%gl ng to be nearly reversed
phase with respécmotop cohtgoliingsppefatuh ef Elaidaie winployne erotenfpordritingfa t he
det ect ed gngtlodior 86 B! H5toE, 'aQA employ¥RREnd .t;rﬁp qyahpqctaﬁg%rﬂdsm%m\r%'t&ﬁ% or
current applied to a notor driving periodica SO as to suppfiess
rotation $588RICRanging wayedrm ‘Pféhﬁﬁ?‘BPressl"I‘iéPéh?)Plétpuﬁf’%iﬁﬁgler YT EUNOHETIURpr oved
and decr ea@fmaiid,83he ccbroDmenral i zed, when the voltage, current is

ARG RETE T R e R R O T
]rret gg(rjre (r:1 1om a olotordimmh B irdertef sd fetocuppreds todatinnes pebdicigingingod themadtor wéth
un sgéﬁ‘f@ afg&ﬁ?&?ﬁ’]&%d)ivhm?n Mggfﬁtﬁg &ﬁh@%@{xﬁ Bﬂepc&c&ﬂ{%p Qm%lg que

Ther ef or e, ustment can bé carri or o ting an ou

with gr eapeﬁpumgatw dorape, frem; the invarteangnk mllm\rege@ow@n epnwebdulam; t.hear

accel er at h%e%bbﬁakmﬁ%%&%r H‘Hﬁﬁg%@mﬁ%a&% ifver@pe W th anplitude is not
obt ai ned which'is sufficient for cancell ng t he fundanent al V\ﬁ'}/e c onent
) # ferthymnanig

of speed changi fignotehentislling apparatyiglc SIS FBdnartes T oRr i tude
for det er suh¢onthehfiionlpemivn dewvmeoﬂmnmmpﬁt ﬂﬂtagnesammvaﬁexaccel eration
to be 0, then tg C{?era ) siml ar tfo m%‘ ontnﬁs r%a:lLecgrcr antrsea . Z d
Wien the notor CIRTToif ‘Hgl FEPRY ﬁ‘o cﬂaé 3% eﬁp? & e e fho

enpl oys atwamotorcfipers ias tinvegteofo as mﬁupptesarcdammspeedrchmgtnmmlp@mem withd a

f undanment % \Q@c\@ga QPR&RaLa ﬁ%fg‘f?’ *E&gggo esegxf an out put vol tage, output
current, torq econ’mac? ore eoperatlon simlar_to that of
claim1l or cI ai Foptrelamesns fpeéﬁenﬁeﬂrng\r}\ewol@m qrousvent Hak boeicpetye SBERBY of
claim4 i sne&rmhﬂmme drpewéreddvds Gt Mverter Ak prdéddvhdd@ver theApBsssdn as t he
notor, and_e o a value fornmed in correspondence with a torque changing
wavef or m Of T ?ﬂ‘?ﬁ‘?%‘%‘ﬁ’r"gas t he out put vol tage, current, or torque
command. Ther ef &rmotofRomieslling hppaaratis raflelmmg}%cmplemmaahim@r tcontrélBng dtheque
changi ng e, d I f iml
or ol ai m S0t pE Rk GRIR § dEreREEAM R el B phitr dflesf bt B LT,
enpl oyed, inveatemby mcemheymphtqd@pﬁrhe@rutmtrﬁgqae ehﬁmrrms sorheaesntrwenmrsor and
enpl oys a value forned to suit a typical torque changi ng wavef or m of t he
conpressor as the output voltage, current, or torque command. Therefore, an
accurate controlling corresponding to the torque changing can easily be
carried out, and the operation simlar to that of claim1l or claim2 can be
reali zed. When the notor controlling nethod of claim®6 is enployed, the

nmet hod partially outputs negative torque fromthe inverter, and utilizes
regener atr on power durr ng the above ~oper atr on for not or dr| Vi ng agar n, when

ol - v o e




When the notor controlling method of claim8 is enployed, the nethod
controls the voltage or current not to exceed a current maxi num val ue of
power devices of the inverter taking precedence over the suppression of
rotation speed changi ng when the nmethod controls a voltage or current
supplied to a notor froman inverter so as to suppress rotation speed
changi ng of the notor with respect to_a periodical |oad. Therefore,

det er mi ni ng t heAPLANtELing fRRArafus ﬁﬁﬁ}é’rm @6\ pmpleysgneansefor paptrolling the be

greater caataagbtcy dutrei®inobee dfétedta adrterdOmbkiaiunt @8IRATpowr @eFites aNtHe
realized. not or contr clarnlgis enpl oyed, the

| i ng,,.met hod of
met hod colt'f loetFr E’t[ Khenging theowa e9° gﬂ’te GIDents oY oL@ 8% 8 FRaYs, FTRMENGAREP Bum
val ue of ﬁmmeluavdm/admerqfeakharnenvmme:resmt te thecavegagehvairanp)| st thd @onifrolt he
out put to;ﬁqug changi ng. Therefore, the operation simlar to that of claim$8
can be realized by reducing the anplitude of the output torque changing.
When the notor &awmteniontningeapparpted ofdlaiimi T employemphnsyfer carryieg et thed
control s kg sfa-,g@ wiveforh 15" lippiilg the vemﬁ,@ﬁt of3h€ HHiERL vORXde M oY Heue Of
power devi ces ((‘,)fL ge i nverter by chang |§3 he wavef ormof e curr nt
vol t age of°"YRRg &1t drﬁ?ﬁ?ﬂfrilﬁt‘]é}e’aﬁsftd?ﬁ‘?“r‘i f¥§°% | ower peak current wi th
respect to the Amtageommmxegwhppa?mﬁefmraem zmealaﬂareatﬂfwm&wm folfa fofort hat of

claim8 c be realized n wavef or m cur’ ent ol t age or
torque co 1‘3’ Tt 81T or r{q \?ﬂ%@e %’9518&@ L (r)‘f”é r\}bmteﬁ FRERRET %% 0 t he
aver age cther mator, itk contivds hhot mltagerotrrctuhtenhgppﬂlaetdhmdtlmfmoﬂoarbméﬂlupcm thepl oyed,
L oot NOCkIG Al 5o ! AR RO cipddag, vavel o m by clipping the

wavef orm of the current, 'vo e or u€ command with a standard val ue.
Therefore, the Sffestioni pdustion |nwan§ ofor raduaimg dhejaffe¢idorc 2f dre ermonl ifz8. When

t he not or jfzoRiledt bdridadtB b Rétok loialelrdr iof a GBIHoP Y dietdchibn B?Eﬂl%rfe‘ﬁg uces
t he affectron of an error of the instrument constants of the notor, or an

error of ¥oltagsdasediupon shprscterighc propemigollgpd.-ent , vol t age based upon
characteristic Amoper doytr@flingeadardthesr ddim zgséxhpldyélﬁbﬁtbl ff &&r}lﬁé eut|iel on for

a rotor stron in urr.ent and r and the
instr urrelrct) dtl:l Y %r‘lﬁ‘g %ff’aktqr?e frrtﬁ? §Frer gh%edB?it?WBFlgtp‘toﬁetat}%l ‘t@a% OTe O ¥t
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12 or claim_.13 can be realized based the torque ri & en the notor
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i nstrunmenmegpgSt ants so as to determne a torque ripple ratio with respect
to an average torque to, b red r val t he average, torque being
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controlled SO as to suppress the speed changrng due to Ioad torque
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When the notor controlling apparatus of claim?21 is enployed) the apparatus
enpl oys a notor driving a conpressor as the notor, and enpl oys neans
enploying a value forned to fit a typical torque changi ng waveform of the
conpressor as the output voltage, current, or torque comuand, as the
control neans. Therefore, an accurate controlling corresponding to the

torque cha asily be carried oyt t he operation sim/lar to
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as the cor;l%glol g reans. Therefore, the operation simlar to that of claim 26
can be realized. Wen the notor controlli ng apparatus of claim28 is
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current, voIta based Upon characteristic property of |oad, using the
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notor, or the error of a sensor when an ordinary load is driven, as the
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When the notor controlling apparatus of claim31 is enployed, the apparatus
enpl oys neans for adjusting the instrunent constants so as to determ ne a
torque ripple ratio with respect to an average torque to be a predeterm ned
val ue, the average torque being observed froma section which cal cul ates
information for a rotor position using the current and voltage applied to

the notor and t | nstrupent cqpst ant.s .of the_notor, the affectjon
Foducti on moansWhshaReREME contflas Betdodahelatt  iaraplsveh the Bethor TS0 can
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g to the preSen I gure
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bl ock diagramillustrating a notor controlli nt% apparatus of anot her
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When the motor controlling method of claim 11 is employed, the method carries
out the changing of the waveform by clipping the waveform of the current, voltage or
torque command with a standard value. Therefore, the operation similar to that of
claim 10 can be realized.

When the motor controlling method of claim 12 is employed, the method
reduces the affection of an error of the instrument constants of the motor, or an error of
a sensor for detection of the current, voltage based upon characteristic property of load,
when the method calculates information for a rotor position using a current and voltage
applied to a motor and the instrument constants of the motor, and controls the voltage
or current applied to the motor based upon the calculated information. Therefore, the
accuracy in rotor position detection can be improved, and the improvement in
controlling of a motor is realized. _

When the motor controlling method of claim 13 is employed, the method carries

out the reduction of the affection of the error of the instrument constants of the motor,



further enbodi ment according to the present invention; Figure 8 is a
diagramillustrating a waveform when a negative torque is output; Figure 9
is a diagramillustrating detailed arrangenent of an inverter; Figure 10 is
a block diagramillustrating a notor controlling apparatus of a further
enbodi nent according to the pr esent invention; Fi gure 11 is a di agr am
illustrating curre t commands for r|or t 0. a({]d af t ctllp mged %frfe 12 is
a bl ock dfa 8’r"a‘f¥f?rl‘1 FsTPEYi “aa‘hB'E parg Jod 1819 RY apSar St Hetidh ¢t
enbodi nentheaffectiat cn"gh¢ arOMnmeeedmd witheaeturary, afd gwo@eﬂa'smnslmlm taghatm
illustratj d,agggul ar error when g-axis inductance Lg of the
notor b in e p05|t|on etection section 12 in Fig. 3 is smaller by 10 %
than Lg set forWthhe the ghetiop rontzeliing irsethad of ictaim1 24 iFempleyed.Athes mgthpidagr am
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a further errbaf]‘); %({%ﬂt accordi g’?ﬁ“t 0, the present invention. Beet Mde For
Carryi ng B Featy 8L URYD §he\JeN9pe BRPSer ei nafter, referring to the attached
drawi ngs, we exPlhanntha nrmm:nrcommoiﬂmglméthgd roétchedd  d61ds @ppdoyad uthe hetledf of an
enbodi nmen bl ock
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det ect ed yt d'e%p&ﬁte?gaé’ HETAEE "I secti on 11a and a current detection section
11b, and are supihenetietmotar posirviliop mwethed tof cinimet§ iiorendidoyedntiengeklznd speed

tput f &
out put fr g,g:?fopg %vgﬂx%ldte Qi ﬁ%ir? on@&ch W?thlgt Thest %Heonfb'tét?oql ﬁr’;‘ torque,

differenti 3 so at an angul ar acceleration i s output
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supplied to an anplitude adjustment section 15. The output fromthe

anpl i t ude® % nent section 15 is subtracted from an aver age current
command by a suiheaché ﬁmt&aﬁhirelﬂlngﬁppéﬁhtﬁ febiimnalTt is @mplagsdy the appmfaant
detection value on fro ction 12

ar e suppl S804 5¢ 138 h FaioRmeBf wiar Fomb Bt P poles HreliFe pifontcl
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periodi c | oad chaf%12 once or twce one rotation. T%Ie OSI tion
e

det ect i ontkephesg P é‘amttﬁm%@%}swaverwpw qfd-bp tqeﬁﬂﬁteén‘tpgru&ra%cf“@wa&‘ﬁ@ul ar
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as to suppress the speed changing due to load torque changing.

When the motor controlling apparatus of claim 18 is employed, the apparatus
employs means for controlling amplitude of the output torque changing so that the
fundamental wave component of the angular acceleration becomes 0, as the control
means. Therefore, adjustment can be carried out for outputting an output torque with
greater amplitude since the fundamental wave component of angular acceleration still
remains when an output torque with amplitude is not obtained which is sufficient for
canceling the fundamental wave component of speed changing. Thereby, an output

torque becomes stable with amplitude for determining the fundamental wave



angul ar accel eration. The fundanmental wave conponent extraction section 14
extracts the fundanental wave conponent of the angul ar accel eration.
Therefore, as the output of the fundanental wave conmponent extraction
section 14, angul ar accel eration change of a frequency which is the sanme to
the notor rotation nunber is extracted and output when the | oad changi ng of

t he conpressor once e rotation of t not or.,, whi|e angul ar
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for one rotatio tar hea ]
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angul ar accel er 8theBthe Fofer @éﬁﬁ]ilhﬁg araratust of claimi32ds gmplpye 9 apRaraiysr j ed

out in thgaﬂrﬁmlyldwpkﬁs &GEM¢MQu§ﬁ6h| e ififerbdr, hid Atilipdst regé@ahfén opéd t ude.
As a resul;t lit ude Wherﬁl t he fund nélﬁel wave
a

i Lit at .a
conponent 8¢ % a,?gﬂ%’gperg@gréﬁ’gr gfot%fndﬂgg‘gn%gf"b USRS FRO IR & of the
out put t orpreratuactontrels phedmgefor chreningnpplied b g ehwormfrommaingerder o xtof r om
one the OEQﬁfre& rtﬁ%q &rdeﬁ%a‘ill# gt or E}tbeng%rawlt f1'e§ tstgcﬁlp%ﬂﬁdlc{;lhﬁ)a%
f undament al” wave conponent o angul ar acceleration ie controlled to
0 final | y Iherefosesther oy afparer faxathe %mfen‘éﬁhlno?neawtawgubwom&édép dlom i on

due to regsdwhial tHehBHef ot $he enFePitP 56 HSRthe DN olfapé A6LR xﬁaﬂeéphemﬂpa@é toout put
torque i s detected and controllllng i S carrled 0 t for n&:ggln I he detected

f undanment e BSRRCEMBonMt 2 THUG (RULDFeROEST SRR te t he
speed chamnegengratian pbeer. educed by such controlli ng, ther ef ore vi br at| on is
effectively redyge he e t he nta
conmponent is over egﬁ%e Oior ctoﬂgr%@u rrgﬁ%r C%Bn?mndm%olgvee\[}l oyeaaﬂga %rsallbﬁ e t hat
t he fundaempioxs amamsertmrfpﬁhemarmnm puteeomipenention| apepadiontior dénal tme oh the
command f Gl GobaRt Bold Blerir! | Therbfird %I'i;é‘éétch‘ii?%ihé Qb ko REHEc | Ot
shifting in phase and the |ike can be negl ected 2%/ eedback controlling as
descri bed baBerRFessey, a0g the aperption §“’é‘ﬁf8b"thia¢/ef dlaipy 2% 498 bedrdfizeént al wave

conponent is vaﬂea&a@%om Johﬁonﬁgwsmmlﬁlm irsfaaa;ﬁ@@armbla parab@yvi ng

the torque co internally. This controlling reduces onl

F Undanent ST Ehecio MBS forrah ap o GrEset lreph MEBR G VRIURG! MREFREERS e | s
har dl y af bfthednvertsonaldqg pracbdencsédab kise mpptersmbh ofuptativn speed dhabgingdwhen
conpari sog the aﬁqaﬁatuls c(r(n%poeft zllgrolyae e%(l? Q\Errrmwu gh 1184 s ?nﬁ'gxiﬂtdnqggerl:é{' SO\A\D n the
conpressor or ke 1s driven Vitbrati on suppr essi on é?fect
can be obtuppregs mtagxorbwpemclnm pbmheoﬂnqtmwtlhnmmml avmledl@@)]rrb@dent 14
In the above description only the fundanental wave conponent is targeted.
However, it is apparent that higher order angul ar accel erati on conponent
such as second order may be extracted igh addition to the fundanental wave
conponent and the controlling may be carried out for negating the torque
changing. In this case, disadvantages arise in that the controlling becones
conplicated and that possibility in diverging may be increased, on the
other hand V|brat|on suppre55|ng ab|I|ty |s not |nproved t oo nuch.
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Fig. 5is a diagramillustrating a change of conpressor |oad changing for

one rotation of a conpressor. A graph (A) in Fig. 5 illustrates torque
changing for a case that an inlet pressure is |low and that an interior
pressure is hardly raised. A graph (B) in Fig. 5 illustrates torque

changing for a case that an inlet pressure is high and that an interior
pressure ;rg {';1 4){ rai sed: Both schematically illustrate cases that outlet
pr essur es T B§T8IOR% [Jetermipinestheerurreng rapasityt Mfepower evices af the svertier to bt | et
pressure gratedeameity ﬁmﬁadaebaedat&umdemaieb@aset iarp&rcah Be @ealR¥APOr at i on
tenperature for sor tun;lfd for ai.r. condi.ti oner . Eer ef ore
accurate control'll ngh mﬁ BEOFE 1?%8&"859 us S E1BEP 4P g o 2R 085‘1’5 ¢ 2PRATALE

pattern uenplgys imeams for emsrnllixg thelomibags or canenbhotofo execsed Ss@rsenvmexfmtm dat a
becones ey r 0, sadvant age, the
amount of {éggp aneqb(%@%cg{jﬁ{:tegqﬁer&g%&rﬁgﬁmﬂaaﬁ A&{@gﬁxﬁ? ?)frﬂlﬁeou(Ei ﬁ’ﬂ 9 th of a
conpr essothaagingn ag the eppérol greansc tThgmﬂme, the @GMMf@mdﬁt ttk@la(: Af (:IB)m|2|4 Fig.

5, as lllehstwea;eeﬁ&eumy rbgucu% thelaae,httctt%f@ltéaug%mue%ﬁengﬁ sinplified by
maki ng I nputti e out Ewessure inlet pressure unnecessar%/a‘g 7
to

is an electric g’th’éﬁt‘et Wt"éhc%'&l"él % PPRATRFus;of lgim 2646 pmployed. Ghe appare
control | i agplppmeaidfr e&mmu&ng theanltegdadiuiRnt nH 1oYxeHed G dulrenb eraRif@ANt

i nvention, .Thi r con n rat.us | i.e ower 1 to a
converter ' 2"8 F%?We{ G ﬁhﬁjevf)‘g%a&p%g ﬁé%@gmgub@%g\xwe% ¥ ﬂg"&e
snoot hi ngon:imrqiswsmna@,d igorafermh hating adowert feak edrrEXit withvedspeditto tleenmerege AC
power Wt Y S Q And, a
conpr essogmg&l s&dtﬁ%&glﬁttr% m@a[,}g %ouoge tl}fh(& ﬁ&m?l smpae"t @ﬁg?gﬁcg%mfzéisﬁagt or 7
is connecbewabé&d/\leeqhaeamsabe werefprm pEthefeurrgnt, (Ydh&@wtrétprqae cothmandindp a

control | i pgmaRRAEH Wwed b@aﬁc%f‘reﬁ@%h'r% ctatoqgawe@téédtgreaect' on 20 which
recei ves the V{V gé%current suppl i the nmotor 5 and the current
u

command as inp Pﬁf°é§°%fr?}BP¥ &@%ﬂr%ﬁr?éﬁ]&lmgﬁds emplored the prPaFatusage
command t emplogs mﬂmﬁ)ﬁéarﬁsﬁng bt mueglmfglil I 15 6f@he wasdfornOby dlifpasy the varbfotde! y
great res rolli ec ar r angenment
illustrat b@h@@&nﬁer\’ @gagﬁ r?orﬁ \Eomm%&d;gltﬁ a.stt n‘ﬂ‘ﬁ%ﬁ%lfw’ 3§° C(ﬁlt?fﬁ Berter
possi bl y Gherefoze, éhe megeﬁnmmmlento that Qfgdmmr%'tqaorberrwlzsd or is provided for
consuni ng r egengiah kRNmdRhntS Rl hpdtatts R UiAARAYE el tﬂﬁ.@gﬁgﬂrﬁ{ M e
occurrence that a condenser an ter elenent are tro e

vol t age wrRdupesjbe affectionof an ewrarpfiife ingtrumpnt gonstanss phihe rﬂ@tj@he? an erzmr ?fovver

fromthe lﬁensomgétecféﬁ $fRE cuﬁﬁhtaf/dlﬁdﬁg%Hféatupﬁﬁﬁhﬂ%.cﬁﬁpdlpﬂﬁgeﬁ?@f Jo&d,SW tch
is provided i ies to_ the regeneratl n resistor faqr saV|ng energy so as

to connech®Ph er % Hap Zeduston gugang.orhedthe apnarpten ealeulten A asmaliprol9E Aat i on

I S carri eebtaupositivn ubidgod loerrefitannd veliege aﬂgieﬂetroai ln&noloaﬁd ahe Qﬂsthﬁn@ﬁrtl ally
carried o roLa ee chan I eri odi ad
change, Ft)tnsza%ﬁ; &gt(\%g;ﬂl&gre agﬁ e%ﬁt? s %lge OHAEE 3T ) l(l)rrlfe’i%saplpn e?%’e& i PO ?’%’ﬁ”(af rom

t he inver upn the ttaﬂmllmtl @mfos@attQmat Therefos'e ribe aceurecyt fratoterhposid®nyddteciiya i s
kept risi pg ghigndrveldNgnd GQSRBFRbIEH: m-'éhﬁtrrﬁlfhﬂé 8f o idborlidealikdd, can be kept

driven w t hout ener%%consu nption due to the regzgneratl on_resistor by

properly sel ect Whgnthemetgssentrolling aPPfEat‘t?rﬂié]f%’é {if ewplpsed. the ppRarptfut  of
the inver ElﬁbloysSQneaTnBQ‘of Qa8 @aautoumepeueéudnswﬁedamw dfQthe "Gt ofdfHevi Ng 80
ae to reall eth %{gg g ovver selectlngthe re energﬁlon re(glstor 7
to be veri! Ef £ %totrh %ﬁé' TP iBoiFPE SV RRP o) oplinarx Joadiife) |y or
by provi dtlrigemmsrthgaffeutmhlmmudtmmmém Theyefofd:, itbe fediicigr afthiel dfigeticraéfi Nng a
wavef or m pyhe n to (A
o F o Setat SR BE Malfed SR ForP it mp i ey PO TAR SR E S a0
dead tineb@tﬁaﬂieQﬂlon is carried out are illustrated. In Fig. 8 a current

(g-axis cur fe“tWhQH tHe Eﬂhﬁﬂtc'oﬂﬁolﬁﬁg%gbm%& o?Bé’i%ExﬁrQOVYQ'eEJisldyéd det ewaaaﬁft its
axis in g-axjs direction e sanme direction to the direction of

t he i nduc&RPIPES @ AJEPIRSSPTLRS “Wﬂéﬁs Pﬁ&hectrptog»ntndcwnlamntegn%@tém% thes be a

curr enéI caﬂmaiad ot)the( eﬁr)‘oﬂ of the Phetrfumend dorogiits Bpthéead:ot ioFEheCaird1e6fta nsors
carril e ou

| t age beco t to be a to the affection of
Che dead BHieRg ey i FERIE 26 ik mmestiodes i AlFeto, friBeRi dresy he
wavef or m BhexeBye,i the leperatifn isgniddrsterthatdofinidioh2h e cleim &P wenl bbyrealizeg pasegl t he
command current in the vicinity of the current of 0. Wen the arrangenent
having a current controlling section is enployed (refer to Fig. 1, Fig. 4
and the like, for exanple), a current js properly controlled based upon a
di fference between the current command and real current so that affection
of the dead tine can be ignored for slow changing. However, for rapid
changi ng such as about once or twice within one rotation, sufficient gain
cannot be obtalned L that the maveforntbecones a maveforntllke (B) in F|g
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peak current determ ned val ue, the peak current is reduced by clipping the
current command. For this case, the average torque is |lowered and the speed
is |lowered when the average current is kept as it is. Therefore, it becones
possi bl e that the peak current is reduces while the average speed is

mai nt ai ned by increasing the average current comuand val ue using the speed
controlling loop and the like and by carrying out clipping Further. In this
case, a fHﬁ‘H’aﬁ%@ﬁ?"&PeMPE conponent can be output greater in equival ence
than that in thWhamNemeaﬁeoltdﬂatmg apparalsi of dBem 33 mdjnprotyédi thé bppabyust he

torque changi ng_anpu rrearzrn t he funda ent of O
whi ﬂe kee%r ﬁfoyé? eans? P”té“ﬁti mgn'i 5?“5@&“5 2P @s t\,\?/?%mém; Po@ii agr am
illustrat nngleatam)wmh rerum:tr oldn avgragppatrqae teboh peedetarmived vaideo thenmrtage
accordin

differ Ientg to?.g%etmt@ngﬁﬁes%%?ofﬁ%g%lrtg% wiith gﬁﬂgﬁ% 18{%81%1 5@“ hﬂ% mﬁ?&ﬂﬁ hat an
error reddtipg bie awrent gad yolbageqapplied Weﬁ%e raben u@dhms@wm@@ epnssants hEtheut put

fromthe ﬁﬁiﬂr' bt aetchst Wedctis® dagl %erﬁm Eﬂ@&pe"i‘atﬂﬁﬁhﬁhﬁ? teleh&cid on
section 1 am? ggt roLI ed ba(ﬁg?sga pon the outp fromthe error reduction

section 1 Byadiz dlpf’rréhepugrt% TP B AR 1D ToeEk o A998 e
error redteguen sectl on 19 has a previously determ ned magnltude of a

t orque changin ressQ C ares.th hanglng
amount out put WE}?t m%I étcg'r?tﬁi‘c‘ir)tggat’/%t‘u{e‘)ss% gaémt%gq%etnﬁlotve‘g th alrrra‘eé'tr on
command, ¢1@3P10¥§<mpn%f0r'ﬁmlqwm t iveluedletesminegninsortespomddie wibly rae&tast thg in
response tfafidifspetd, 46¥q ﬁ@%'cgﬂeﬁpm%e%&%ﬂua fﬁr@ rtQItq%E rﬂgﬁélllaggrhs

angul ar sFeed usi ng the corrected or exanple I'agram
i |1ustrat hrgﬂfteﬁtawgrﬁbwtlﬁn 808 -ar Tépre&re,ffére operajion Stﬂﬁlitn‘ tonthag ofi glaipn 3

i nduct anceanlisk 1Rhlized&n BB repoRddne Hith!thebutly cobditiént han Lg deternmined in the
position detection section 12, in the position detection section 12 of Fig.
3. Inthis figure, a case is illustrated that load is gradually increased
fol | owi ng passagemﬁﬁnbmnmnmﬁsuhﬁeunderstood fromthis figure an estinmated
angl e is del ayi th e : | J.ustrates
schemati c mavefg€ﬁ£ FgMg&%: 8?Ba§ mﬁ% h%rgﬁgt e§§JP eg%? alpéﬁetltlve
torque chagrifiengwitbputeyeing agntary enendennr tlse ke, it hedgyles paseifile ghathenguiarput
torque tOogsidlilehhkfng 04 nfb@mg'cgﬂuléﬁém&mesarpgééle b%u&%gfe\gftrl%@ctﬁg&l ‘hon 12.
When there are ng error, th tput torque Is increased OW ng 't

i ncrease Vﬁstghdvpgrﬁﬂhm§5ﬂﬂhat the rotation speed changes not too great

and that a regul. aernOanMtﬁﬁn&@@c&ﬁadﬁaﬁmlnﬂﬂd poésile by b@prédsigthEisfeed14} -
However, \ﬁﬁten Lgi ft% r dltg ?/t{) Lt' on dete ti gn section 12 generates an
error in IYREE f'BH‘gf 6198 ‘ﬁé ¢ peevlaraeseleration oyt put torque so that

t he angul ar acczl| &tabiliyncamrlredmpodved bprmsfermimrgd‘ébdbeckt With shergaih of idfaltityof t he
output to is observed to be great for
a sectronswhgg%g&&{%otfﬁﬁeeﬂpg%gﬁetgf‘% ? &35{1%&’( B) in Fig. 14}. And, the

t orque changi ngd:i sTlteaPIFIIr@& prak oon be reducedelly weakening vibeatinst ennpressivassar y

torque begaiRt whes léaﬁmH@avﬁ%ttB&U deecRsd B D&t Jf'nﬁﬂoﬂﬁ%er?é%ﬁﬂ bl IPéthBJ“ S
i nf or mati on. Ch t he ot her he torque ch an% amount of

t he
conpressor 6 is d&lerﬂhaﬁwr%rpﬁrl&saweewewvrw E%E%lprlhéflit%hy tﬁkl%@e
conpr essofacbintd behisffefdtfon thht {he dagdRi ateRgatidifdhakfingas ahhakewhieh iid tHan
detection sec# Kola ]tht 2 g | er, than Lg of an actual notor when the torque
changi ng SR that o h% % %"r‘l&% t?ng%}“gand magni t ude of the torque changing
out put from t heThopreraitlinvegtion evae completed bapddumndhesednbetedgend when t he
torque changi ng anount output fromthe controlling is smaller. Therefore,
the Lg correction command is output by. conparing both torque changing
anount s i RriefBessriptipn PEFhe Drewingdction 19 in Fig. 12, and correction of Lg

in the IOOSI ti onpgateetis Qrbl&ﬁcﬁlh%‘amlﬁlusﬁﬁﬂné)ﬁ thédt 'c&ﬁ%lh@ hilpérbﬁs&ffra‘ﬁr
reduction i g?%&‘ has been descri here, however simlar operation is

carried off® eptgreprding to She preseRtip Rt i8Bction in Fi g. 3, for exanple, when
error exists |nFighfuezmlandihgmnﬂHoww\shﬁlfdrﬁisf&eéalalssaitmhhe current det ect or
and vol tage detﬁctlgr the%\ﬁ) ﬁrde error11 re Hct on t %&F ntbe arried
out with simlaf SHEhAe? &n BIFBF FIGEHET &t BYR i r’)’l epar dmétfer s,
respect i vexampler cannot be reduced Hovvever the position detecti on error
generated as a result of those can be reduced by adjusting Lqg, for exanple.
Even when a position detection section is enployed other than that of Fig.
3, there usually are correlation betwegn a sign of a position detection
error generated in response to output torque and a sign of error of a
paramnmeter. Therefore, the error of the paranmeter can be reduced using the
correlation. Fig. 16 ie a block diagramof a notor controlling apparatus of
a further errbodr rrent ~accor ding to the pr esent i nventi on. Th| s rmt or
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controlling corresponding to the torque changing can be carried out, and
has the effect simlar to that of claim1 or claim2. The invention of
claim5 has characteristic effect such that an accurate controlling
corresponding to the torque changing can easily be carried out, and has the
effect simlar to that of claiml or claim2. The invention of claim®6 has
characteristic J‘fect sucrﬁ%g/aé, the flow of power for the average within
one rotation bebHES 4t e f ipgtary dlustratingt & mater, pentrplling, ¢Rparatussef t hat

t he DC vohh@dher anigdimert aleaxemngitsi:}mg:rdm1;hozehharr egeneration, and that

h
asul . "Tho | mvabie s AR iy Bkt CBRFISE b Al o

vol t age cmingwmﬂgftheueommeedoes dead time can be suppressed, and has the effect
simlar to thatpRf b dH Mufierdd Qséfll ENARtRhdifik & riesti c

ef fect such that&glot erm ni ﬁé“ t hg currendt% %ap(gc%tgytg%?aﬂg’a’él%n@ow %Igls(J %f t he

i nverter tUME%YFeat er capacity is not needed at all so that decrease in

cost can be reaFigafwlv id REbloER @fAltaN 1mstfdtﬁ4gna $hoidtSconB@lflyf Sfpfarstufiokar to
t hat of Ck‘% m 8 ﬁﬁredum n the(htg npl i tude of  the output torque changi ng.

The inven r gmbpsiment aesorling tofhe presgRt in¥entons, o that of claim8 by
changi ng t he waFighor B iefa dhegramrillasirating lat @@ ferin tvbien UL negdtien@rdquet 3 a form
havi ng a L& . peak current with respect to the average current. 21 The
invention of ¢laim1l has the effect simlar to that of claim10. The
i nvention of cl BignrelPishodiagiany Hustrating d&taiéef&zamngumht efretintdréeraccur acy in
rotor position r

p FRLACTO Ha Wk%&érgﬂ fp\ﬁtﬁ‘;atl d thit6r b@?foﬁgﬁ% %tr&s of a

controlling of a nmptor 1e reallze ention O
char act er fulther egxbpdiment gecardipgto thp @resgpfiaventionsf the affection of the error

can be real i zedFigutd 1 RGCH GddpYam AN dsth@ing ffr&ftf Sl anideifbrapridiOtot sl adr Cl ai m
12. The invention of claim 14 has the effect simlar to that of claim12 or
claim13 &% upon the torque ripple. The invention of claimlb has the
effect simlar Figutehd? i0d bidchidiagrdmbitinetdtatiip A dter tateplieng agalretus afia0 Wi t h
respect t r i tion.of claim16 has the effect

Si mpl ar ﬂl 5?‘% é’lﬂfeni Qgcgﬁﬁn%tot}g? ess((grgtn1 é%“éle"“w th the outer condition. The
i nvent i on of c| Bignrel 13 iag élhalraaculémit@tmg chpfigivg is apigulan cerrostwhen fitagiscan be

i nproved fiydlcfifed EQSBhk hotaS 1nq:ﬁ@p%l&@@étb&ﬁq@ew‘ﬁrﬂtﬂ@‘@/ cY tlggﬁall&Wyr ent is
controlled so.as_to sup Eress the sp ch angl ng d |'0ad torque

changi ng. 18 Hehandaset 9R %P%%twrﬂe&%tlwagec&lﬁ% Fct er| stl c ef fect such that

adj ust nent can Pufeldis acamwamflnﬁstmﬁ@ummmaﬁhv@fbmuBféaen QétRiowwinan @r eat er
anplitude since the funda%?t al wav mgonent of angul ar accel eration

StITI r enEPRrSTHE ARERE FOPEThve Beire iPER I AoF AR FIBURLES SKYSH HEBE i ch i s
suf f i ci enpoditdon Mentmhlsa@mmtmdfhmﬂﬂtmglambumvmrqmmfomluﬁrlbadﬁhaﬁggaddc hangi ng,

and that an out o} t Fm} r ing the
f undanent al wavgllé’icloet Q%E'yeg b?oeég ({IE%&E ﬁt&F&a a% ce } %ng%%t"gfoé%ﬂgst% %at t he
ef fect si fHrther GWO@WtGWO{‘QIBﬂm@V pwﬁntoevmwm zed. The invention of claim
19 has the effect simlar to that of claim17 or claim 18. The invention of

claim 20 has characteristic effect such that an accurate controlling
cor r espon8ftigieds krCarpirg@uchhmbreentdarensiencarried out, and has the effect
similar to thatHefeiwdftir feferring tocthadiatbaditbd d?bﬁmgaw&x;ﬂmnafm&bﬂémx%m;dgas

characteris ef fect t hat ,an a r at Lng cor onding to
the. ¢ or quESHE AP AFPRLIE ered b 85 PP BRnG preordimia 16 rspen FRBRTo Py | or
to that ofletailaim 17 or claim 18. The inventi on of claim 22 has

characteristic ﬁ{gﬁggfstﬁ%‘f@}( ﬁ‘%rahlhﬁl er‘R nffa RRVE coblo ].ﬁlg ;ﬂa‘é‘?&tﬁ%f"& nt NN

one rotation bec owar e not or from erter so that
t he DC voPmhedimgpkaccorsingdodhe PT‘@PW@}HYM’@OFO the regeneration, and saving

power can be reg| itRi8Ombibr WohdrbHinp Sapgplfati€ 9€ TREAAICOPoRBlis RppRECkOG! Y
converter 2 so that a DC power is obtained. The DC power is smoothened by a
smoothing condenser 3. The smoothened DC power is converted into a second AC
power by an inverter 4. The second AC power is supplied to a motor 5. And, a

compressor 6 ig driven by this motor 5.
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The invention of claim 23 has characteristic effect such that voltage
changing due to the dead tine can be suppressed, and has the effect simlar
to that of claim?22. The invention of claim 24 has characteristic effect
such that determ ning the 22 current capacity of power devices of the
inverter to be greater capacity is not needed at all so t hat decrease in
cost can be realized. The invention . of claim?25 reali %{m effect SI ml ar
to that of cl aifhWkagy apgmr% Sﬂlnghac{nm the, duoter 5are 5% by ot goike

changi ng. da’thetmmeamctnmﬁmfdacdlﬂfm dbtettiadl dec@én li‘beaﬂd ﬁfecdupphcm doarpdsmotnhat of
claim 24 b all d by n orm t.h urrent ol t age
o 't or que st shbiftr £, aRengllAR S oty NS RL B iop Bfee Bl {BPLLLRL °F0
t he aver agerptiad te ntdlfféﬁhetmtnr/ o d;lmtafn Qigazﬂam @Eelmm eowphz Fundammanitar t o

that of Cladfipore JrikEniylle Ohec AT DARRACHAS! BIbLAETRARL SUh

that the accurac% in rotor posltion detection can rove
i mpr ovenefMmpoRerbeRtrastipn gection 14, Apd bhe f“éldﬁ'@alll'ial:é’&"e anﬁvfeﬁtﬁuﬁhhftﬁf toc] ai m

29 has chas ébﬁﬁlﬁfth&é la@juBh&ft sestieh 16hatrhd matﬂlﬁdy&alm@ eﬁfn;f)llthﬁe afdfRehémn of
the error C?ioﬂrﬁg Ilzeg wi th accurac and has the effect sinm.l ar to that

of claim%§ é‘Fﬁ“Pe froge ap exprageernrent copmand by agubtraction spctiop 16, ¢ hat
of cl ai m ZBisorubtiastion A3ulpe@dentpiebection viahieqdad rotop pesitite fiofy et paditioaf cl ai m

3.1 reali Z?&S&Vﬁ’[ % ctlgr? t125 rg]sl.xgghedotot Q%urrg{lt gon@}omn%gsetgé 1010 eq7 sgq;ﬂag Pt?rr{er&r que

ripple ra ver age nvéention o 32
realizes Fmroéﬁﬁaaenerstﬂqn iseparied putago @ftocdbaaum Beurrentcommendon@ba cerrentt h t he

out er congiin@Rd jssappliedBithd fvEiad 48d 1s: 1. A notor controlling nethod for
.controlling a voltage or current applied to a motor (5) for driving

peri odi cal | oadTbyomeregwriGhay,paniedis laad chepem by shewt enearngi tdceopert e ot or
(5), the prhbiedl conprising the steps of Detecting at |east a fundanental

wave conponent an .angul ar, accel, and Controlling the voltage or
current appli ed&){‘% PP%@%F&F“%’S?“ gn 3@ @ u&?é?se?rﬁ’ oy position and rotation

angular acceleration of a rotor using the voltage, current of the motor 5, and the
instrument constants such as flux of the magnet, d-axis and q-axis inductances (Ld, Lq),
and the like.

The differentiator 13 differentiates the angular speed so as to calculate the
angular acceleration.

The fundamental wave component extraction section 14 extracts the
fundamental wave component of the angular acceleration. Therefore, as the output of
the fundamental wave component extraction section 14, angular acceleration change of
a frequency which is the same to the motor rotation number is extracted and output
when the load changing of the compressor 6 is once for one rotation of the motor, while
angular acceleration change of a frequency which is twice the motor rotation number is
extracted and output when the load changing of the compressor 6 is twice for one
rotation of the motor.

The amplitude adjustment section 15 amplifies the fundamental wave
component of the angular acceleration and outputs the amplification result. Wherein,
the amplification degree is set to be infinity in the amplitude adjustment section 15 by
integrating the amplitude of ordinary fundamental wave component and so on.

Description is made further with reference to Fig. 2. (A) in Fig. 2 illustrates
an axial torque of a compressor with one cylinder, (B) in Fig. 2 illustrates a motor
angular speed when it is driven with an average torque, (C) bin Fig. 2 illustrates a
motor angular acceleration, (D) in Fig. 2 illustrates a motor output torque when the

controlling of Fig. 1 is carried out, respectively. In Fig. 2, the horizontal axis
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phase of a fundanental wave conponent of output torque changing to be
nearly reversed phase with respect to the phase of the fundanental wave
conponent of the detected angul ar acceleration. 2. A notor controlling

nmet hod as set forth in claiml1l, wherein anplitude of the output torque
changing is controlled so that the fundanental wave conponent of the
angul ar accel eration beco tor, coptrolling method as set forth
in claim iep(S?seBﬁseﬁ’i?]ta}l"nv%’gﬁe(ﬂ?c%\?m‘faéég ehgfe r8P Tan out put vol tage, output
current, and toWhee thenmmaondiscdrignstvithafn avezagn trque (Hefeead dauhddenﬁescﬁrrponent
and a fun a e : X-1AN L1in set
forth in gﬁgﬁ b i“lg"‘@Y an%%@?r?&ﬁ%ra ’éllﬂ%] t‘@ﬁggﬁg % 9?%91%3'5“ 19#0?8& ﬂlan %’rl ving a
conpr essofverage topgug, theanelgr jsuredyastspepd, @urthe mntrtm', whenghe axiahtragak ofs
formed i ntrreown?p%eé%efi@maams tha% {HRr meag%hﬁm&qhmﬁ§p{smgﬁérea&% @gg@r essor.
(6). 5. Anmotor controlling nethod as set forth in claim1 or cl
wher ei n t RBerefore the gneylar accplgrasionsvsil have gishapewhishys eayerse ip @p andifewnhe
?ut put Vﬁtd £@eshafl bf fﬁret oonﬁfreats%cvdﬂ;&ommb flﬁxdﬁﬂéﬂﬁ@ wTaO% Eélﬁp(ﬁleglyml' ?@I

orque cha yefarm e Compr ess or,_contro ng

met hod fo?néﬂﬁ'iglﬁ(ﬁ?q AR ‘(’/‘51]1 :hﬁ?j"e BrEngR r ‘f'h slﬁpﬂll"?@ﬁtego"h (%tIBr%gG) from an
i nverter Cdx)seqﬂerﬂly, e chapging She routgiti tonqnmpaethecinamglmgreaérséd]fpham @ith( 5)
with resp r o ( sheps of;
Partial y?e%h? Oa tﬂg ﬁ%ﬁg vtg t‘gg"e %linp %%%% Egtt F!fr?l%er %cg%ratdp%l)tg %I zi ng

r egener at f@dam@w@ﬂ “@me prngpqqqet aﬂi@v@p@@eqhanmm cqppe mﬁu@ed dWhdmepfBgentn. 7. A

mot or Conﬁﬁ@il{dd@%ﬁf@g}ﬂﬁﬂg @ﬁe Afldahehial w'a@e Edn?ﬁcmeﬁb of tHE Ts?@e’d cﬁfﬁﬁélhg $s R4t
CorT'pensat | On operati on dead ti nme of OUt Put vol not or

control I'i AR} ﬁ%thr%tfw%esﬁww tprqye ge v%v%eé%d by Q’dpr%ﬁtzstﬁ}ﬁﬁlui‘@dm’c“éala mot or
(5) f r?m) ¥avé mt@;rotneﬁt ¢fhhe 20gdlar h&gl:‘eblﬁlﬂfne&ﬂl Fediaihd. OEhsmﬁ mb&agis&eexﬁf t hﬁ
not or 5 V\At I.Ca t he tO |ngte
step of; ?%LF tﬁ’ﬁ [‘V&t{‘)‘g JB?tnbeGFF E?Stastt?) 03 nplé ®maxi num
val ue of ﬁewesmvuabﬂlsty ufrealhmdlanumphmde(wh)erd ﬂ:lelfmglamemmdv&neeommntbté

suppr essi d changing. 9. A notor controlling nethod
as set fo%haq{gﬁfaqta%ehqun \Z/l&uewﬁgﬁgt he nethod controls the voltage or current

not to exceed aBE¥em waan thexghasenof she eutmut jorgue and, fhecphase efhide) angslarer (4)

by reduci pgeleRitichMiMel dHifled Gont S e RMbr tOLAHE 6RO TB Do thE del%yrm'tfﬁlr
controlling nethod _as set forth in claim wherein the nmethod c ntrols t he

vol t age oﬁec&la%ém fyndameptal waxe qompongnt efhft e ARERIE ReSplarationts cop ovi ces
of the i nhe[)tfﬁfall674l)ecb&secﬁlﬂﬂ@h&g;at bevavwﬁ:ﬁmm of ait BRg 1N heBlerativdl d@gﬁ, or

t K t th
aver'age ctTaiR torade SR PP AR A tPHEF AR Fismolr SRl bire Febrtadm 10,
wher ei n t hed cotivdiihgeia canried outjformhgatntgahg deigctefl farvdameatad wavecdypaienppi ng t he

f |
1 1 ) e WG S Mg Sy TG M 320G ) -
posi tion aléthgnﬁolémgrtéﬁtefqndlhyeqlqralg@ﬁ'atﬁmelyeddmsda motor (5) and the

i nstrument Consirﬁﬁﬁe%nfﬁ)dﬁﬁb%t mhgn tRd fundRMlefAN WA GnigdReMqb bRGRPPEA fUN I €Nt
applied tg the not orBlga based upon ”L?e &al cul ?t ed informati on, the, method

conpri sin ¢ qyrrent nd, however 1t is possi at the fundamental wave component is

directly overlapped to the voltage command for the controlling having no current

controlling, because slight shifting in phase and the like can be neglected by feedback
controlling as described above. Of course, it is effective that the fundamental wave
component is overlapped to the torque command for the controlling having the torque
command internally.

This controlling reduces only the fundamental wave component, therefore
delay in controlling and the like is hardly affected. Consequently, stable controlling
can be realized in comparison with the repetitive controlling known conventionally.
When the compressor or the like is driven, sufficient vibration suppression effect can be

obtained only by the reduction of the fundamental wave component.
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Reducing the affection of an error of the instrunent constants of the notor
(5), or an error of a sensor (1lla) (11b) for detection of the current,
vol t age based upon characteristic property of load. 13. A notor controlling
met hod as set forth in claim12, wherein the nethod carries out the
reduction of the affection of the error of the instrunent constants of the
notor (5), or the error of a sensor ébfla)(llb) when an ordinary load is
driven. 14. A nir ke abnverdsporintignrandn e findawentad waye jcpmpeneingnis vargeted) aji m

13, wher eiHywehé;, htoedalsﬁarmetmt}@ghee%déﬁalagmceﬁ%z{on(&)npoaaet tdeq &t hod
reduces the aﬁtifectlon of the error_of th%ﬁl ns rurre constants of _the notor

(5), or tReFoRd prsjer graybeextragted in pdditipn fp thedfppdam tweﬁwawnr PRI of the
conpr essokortEgllingl mayAbandadried @at fol Inepgringe thio dorgse sthlangingt hin rthisl eds 14,
wherein t h ne a
torque ri B%Fg%rné ? S%% E& gha% tﬁe % q‘t%ltoli a&%‘?gyehﬁg%&ﬁﬁ (afl ﬁ%&t%ogﬁﬁl%ﬂ erm ned
val ue, t hdivevgingigean b¢ qmease ,ntgl thes efher dhand ornbratxgre@tlpmsmﬂ ehlhé:au&: odlat es

i nformati gl ifo%d eoorzﬁﬁef m&etfdrenthu%mrfob@er% ?&Eﬁntmh\é(%ﬁ@&ﬁné@ﬁjgbted to
t he not or g i nstrument constants_of the notor (5). A not or

control |i 0%%6@“&%‘1 kased pgen thejtpadepifiwithithe regyivement gppsifigation ni ned val ue

for the torque FigoBh@arb@Jckmdgsaﬁ ovmw@sdﬂinaremcﬁeﬂ sedmomfa@emﬁﬂencmem th at
| east the ro%atlon rrent ontrollln

S to
appar at us PPOHOR JHEFOR Faftjon SUUPTiegch Bl Faslen ASRHPR AL guED AEEP PR 1 or
driving pdetectddcaltagesdfor {Hrie phasas ahd caiverts ebs détoétad wdna@pa&othcd'eaplgusag of

th t
(1‘;) ?‘1)3;7’21 t;{;)ioéf) ?g%?a?rp% }H&;e 0 %{:?ﬂndqgo%v%?smn ?g)c@lIoF a%%?‘afecewes the
conponent defected carngnisalpr three Pb?S&E 23:0) corarnats dba detected ngrremte ferdhreggrhages

current applyi @erehts FOPQWH%QEesg 2ol @-arotpocaqjcﬂuﬁeﬁfom da€tich Wﬁﬁ" chcuﬁltm a
fundanent al . wave comnponent out u% torque changi bgm be near| %( reversed

phase wi t oltagspdrqr dye tted p‘ﬁ‘é‘gélgofesf%%nc?uﬁd&nﬁmta‘f“ o SRRt dPF t he
det ect ed aaBithdingaé edleulatedF0ltageSdrof\roBi the vEMidet Grl tivd Phague pdridntisgraisors et

cont rol oSG RS ReRhg AR aEo P Bk st RSB PR o)

wave conpanint cadfuldtien soten 326 fue celcelating anflbedwnesthe .q-dxs inductaher Lq; a

control - massaBRRhabithuABeRs, 1kt Ruldfecind gﬂﬁ%‘“ﬁ“ﬁ ot end e 1°
of a s umrefulty adiatercpositinry esdeuletinmpenstion 13 doracarlﬂﬂmﬁtratormrémedm%ent

as at | easfpoR ke AlbtAHRtiON kit ﬁ’&ﬁ &ﬁegs‘ecom&mﬂfacﬁw aemm 180 hddof Gigereneialand.
20. A notor controlling apparatus_as set forth in claim217 or claim 18,

wher ei n t ectipg: 139 fenpplquiating aay angulag spepd; by differantiahing the Lofor pegjtionsng ¢ he
control neans ( ;laZ@o(sitﬁh(dbﬁb)cﬁ&@ae(cﬂ;Bﬂ hdvihg eﬁﬁthayﬁrmge&iewcaﬁmlm éniployed.

corr espondence t h a t orlg?ce‘t g} %nn %}\g‘e Ogrq?]nglﬂlﬁrrgtegggﬁgé’ ess an&%e% he

out put vol tage &ir 2 ¢on TNy
appar at us eaﬂoodmtemcacttohdmgmtccﬂm;xzmsbﬁt mwvemtiicm. m 18, wherein the rmt or (5) is a

motor for drivi I @lom r co ing
(12)(13)(14)(15??‘1%)“%? E%ﬁg‘ﬁ%@é%p?/%@%ew??%gﬁttgj SW 3“‘%‘“’ pfc’éffd%orque

changi ng veeparatusmobiFig.nb oabin dhafopn (widitien seckion A6 ig eppleyad ansteed thet | or

torque Corsﬁaﬁdeno%@eecﬁoms CHndC@Qh{?é?Mm BEheR iR Sction 191is proRided tbbcmnahyol tage
or current pp |§(ﬂ to a not.or %ﬁ%‘ I{O an invert (4) sO as to suppress
rotation Hu hafgstmenbsectipp 15 gpd pheadditign section Bt t o a periodical | oad

(6), wherein thdhappevefirsgeasiation sedioni 18vie predousty seb tqrqué wabéfyrnoudplis s

ti t f th t
R0 v Sl b 0454l Prap O e UGB PP,
23. A not quressord oHlhd cgnprepar.atlihe wavefem generatiom seckign h820utpuises dénque he
inverter (&)yofdtt I;L%E%ﬁa&{ in@ﬁm@&ﬁeoﬁ@mm%%ésgﬁ an&r }ﬁ'rebsg?e faal tﬁ@@eqvéﬂ)ﬁ? of

t he out put vo?taa not or control i ng apparatus for con roI g
vol tage oroféhs fiafementghypearomporentdras theymplitods aiustrpat gegtion 13 sof ah to

suppr ess rgHagé b fheS AMAGmMERNRAN §iakg c&ﬁp&ﬂéﬁt eDtKer output whidforne beseties taOplease

peri odi cal ar a t ro ans )

control I'in ‘GLIPﬁe‘B JS?"T"&‘?‘}J;%B pg‘ﬁ?er ﬁ}b"trTB l@%e%‘go “%?nk lﬁgnfonrr%télarrrlﬁrﬁh\?gl ue of
power devianglittfle bhéhd fundamental @ave akmpepept of dtkeotpub warefotme beeopsdbsi on of
rotation speed changing. 25. A notor controlling apparatus as set forth in

claim?24, wherein the control neans ( 18). controls the voltage or current
not to exceed a current maxi mum val ue olf5



26 power devices of the inverter (4) by reducing the anplitude of the
out put torque changing. 26. A notor controlling apparatus as set forth in
claim 24, wherein the control neans ( 18) controls the voltage or current
not to exceed a current nmaxi mum val ue of power devices of the inverter (4)
by changi ng the waveform of the current, voltage or torque command into a
f orm havi ng | ower ak current with respect to the av rr 27. A
not or con®P8HY Wdﬁdr%ﬁ%fr%ﬁ‘ﬂét“ﬂ%a@é‘t’t“?“d’hsﬁct}°ﬁ 15 aihissgn rm@ry erre%’h@%mrm
means ( 183taCss MhieRISinOthie wdvefo@inagagbngmﬁfseéthm 1V&afoe ffarim wyick argtengnichia
waveform of the cyrne t ye conmm a andar val ue.
26 A ot Bpese e AhRge of el GFRuR iR oFRTERY h phh e 32 o1 o
posi ti on uvesding cat ¢he held tatenehileodrh plifiringphé held date for mottching e iapuk pheese,

i nstrument, ?ﬁﬂﬁgants of the motor (5), and controls the voltage or current
applied to e notor (/S;F based upon the cal culated information, the

appar at us conpr Figi fds a sigeem ilnstratingce rhangroh pempresyy lgagdrchapging ifergenene

af fecti Onr&fltlﬁﬂofa{d’ogj’ r&dsot he i nstrunent constants of the notor (5), or an

error of a sens b)_ for detection of the_current, volta e based
upon char act erlgtgrép]b}gi)i‘?@goq ifystrptesy orave ghanging B354 Gpe H‘G‘t %t us as
set fort hptessureds w2 8nd tetraa intdrive prédsard isdtnrdlgdwtsbd oM pEphB) IO Figcdrri es
out the r o] e aff ctlon f the error h r gonstants
of ¢ he' i oplstlofoe blighdid BFh s8R Bue b S arilentio ¥ GANALIE eSS P00
i s drivenpreggure/s mapidly wisedr oBéthraghemppticadly ibustsate etasa‘scthahouhhetcnraumr% or

claim 29, allé'i?eahrl‘%ﬁegé B)u HE%BQ hek D) IS a conpressor (6), and the affection

reducti on neans ces t e affection of the error of the instrunent
constants of th@hmfﬂst Rregsurgroutleé RIppSyre RN gbes @pfimpated| by )y condengation; 2j ng

the tor qU@exﬁﬂ)eﬁQﬂu@e OJvabmuGﬁ”fDﬁlﬁ&ﬁﬁi’re forl & oOmPBdsBér Gt foPlahi 418 caxnﬁais@&us as
set forth | ai m 30, wher |nth i

af fection regﬂctlon peans é é usts
t he mstr[’f ore. e AR ?“&’8 H’§°PB %‘P & cantrofing an OPHSF forale patt
respect t asiapthosepagpeutesr que to be a predeterm ned value, the aver age
torque bei ng obgeryed from a.se n_wWhi.c I r
Fotor posi t1on TEMEES iR Br AGEbabe Ul S8 AT SLRN B 4 2
t he i nstr eafent T’tc@nsﬂwithss difadvantagetthe ap@ynt Gziataacmeonede@ﬂdthmbmln@g a

appar at us ;dgcq3 %qﬁ@@%@fér‘ﬁl & aadompg&somec{nedv@r gG%IBJaEI?P&thST d $ENerh Ok eTEANS
(19) enpl é%)s a val ue determ ned in correspondence w | east_ t he

rotation &pERn Figr fas illyptrated i fiie- &g Atlﬁr?e thpopgppgemegt Gan he sipp ﬁeﬁebYt or que

rl ppl e r akidkingXAputbing of\(ib Aitlet Phelsifre; ififot Hrosburk. u&\nE;eé{arﬁ E.ACE A(2. A
. A. A(E. AY. AE.

T }xsnid_Z]ca]c AE]&]‘E&]“C%T%&]’ Gﬁf‘b‘tar}yc‘ﬁﬁr&](“cﬁ “Eéf"dﬁq 8P LA a) ca) ¢

a] ca] ca] cagmtedliing sggacatiue af £ Airtler embbdialdht Wcording to the present invention.

QIF"M"b

cal ca] ca] ca! caftcg‘?‘gﬁf '?% §a§' tﬁ]ﬂﬁg%]geg}@}'&g‘} ca} C‘?}’%‘%L&%]( %3%’ %?L&Qﬂtﬁﬁx] ca] ca]
.| | #1* 1x 1 Do 28RS sBOthens f el lzqr awpen| it capmeqtbuicedndensen|& a]oew@a]:hea] ca] ca

] ca] ca] ca]sﬁlemei@@beado%} it GAdthB] A8l goRbF AlthaliCiRk6RdiCa an @ IPRBREOCREFFGN G2
11T UUUUVEWKH#YZZ] \ \/'!ﬂ}xsnl d Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca S‘agc aJOca] cal ca

] ca] ca] caPe‘éiT’cé‘] @aleteT ] ARde £ eoMRISFsen]6c k] €HTaPE e drqten & F
eeKf hhi Q jrégeh&la&lloﬁmmablp?/ﬁq;aﬁﬁ]&teﬂt}ewéumbﬁmkﬂﬁh@h]oweﬂmhm}e}eﬂl cajca]ca]ca

] ca] ca] ca] ca] ca@a} c&@aﬁg@%ca é‘f alllca] ca%n i %ca cal
ssst Q@ t uuu_uuuv W 9 f sflsca]c CL]r aT ca ciq cal ca]
ca] ca] ca] md)}da]eca}esat}\em}lm]ecal]rm} ela[}nim]l(tca}baix@al] g ap ¢ thecalmal calwaided ca] ca!
]{{lTll}}é]n t, tes 1 d suppli tage co dtothe nverter
G BH} xsni pﬂ C%e]n E]e Vo % gcglg fcar] é’]pgé ca gg]] cga] cg)]n}:é]] caj ca ca’l‘ca] ca] ca
] ca] ca] cafea] ] E%]BE%%]&tzlaljl cléfrlé@}‘c'é]h?él gp “exypemely great resistance value. The
controlling section 20 has an arrangement illustrated in Fig. 1, Fig. 4, for example.
In usual, and in an inverter possibly generates regeneration, a regeneration
resistor is provided for consuming regeneration power so that a disadvantage is
prevented from occurrence that a condenser and inverter element are destroyed by the

DC voltage which becomes an exceeding voltage due to the regeneration power from the
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hg| w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]c
aJ calcalca]ca]lcallca]ca]ca]ca]ca]call *}zyd%2S >} xsnid_Z]]ca] ca]ca]ca]ca]calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
a] ca! k| LI AETdGOOpv} xsni d™Y] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caljcalcal]C

gagz]} )éZ]mc @} 2@% ca ca}ica C } }"@8]@8}’ % ﬁm]tca call mw e(fnl]nca ca'] calcalc

]g( a]c| vv]r rrhdﬂer]eger]erat]ma]res&;]tmaﬂoca]ﬁa& endrgn Jsc ak aa camjectjlzalegeerafi@ntesistaal ca) ca
cal cal ca

g(ac| wr mh Lﬁ]%wh%?]tﬁ?leﬁk&?h&?l)}%? fr]clg]%%l)r? pu] ca] ca] ca] ca] ca]ca] ca] ca]ca]ca] ca

] ca] ca] ca] cal] cQnhdhp othardiand] @fé]aca]em’emmB@ple!mmB (PprtigizOsareipd 90 GorO8' () - F

1090 () rededt r()t)a'tml&' QMn%) follsy ;iga/moefd) c'haE e, ﬂow of power averaged
s10%08" () L1098 (1 0% (. 109 () ) 8- a 000% 1) - |+
10%08/ () &rm@ 01(1)‘8 ingthe figsgtiery from-the 1’Wmf (“) m&*@v/&ﬂ(ﬂ)t 1h15@°trtms / 100
100<" 10‘V©8he(t)the DeLUENE {s)keBbAbiRY UL fhelre St AMOR. ( Thévkfol) 1BdAnSektir &n

S0 () Nl ST L R s, USIR QSR
109& () - Béléﬁﬁ@&hé Yeapacity OFERE ¢ondeeddd Erdwdileﬁ: the 10p4DSf (the @verter. So, the
regeneration power is used again for motor driving so as to realize the saving of power
by selecting the regeneration resistor 7 to be very great (so as to make the consumption
energy to be very small) or by providing no regeneration resistor.

Fig. 8 is a diagram illustrating a waveform when a negative torque is output.
A current command {refer to (A) in Fig. 8} and output current {refer to (B) in Fig. 8} for a
case that no dead time correction is carried out are illustrated. In Fig. 8, a current
(g-axis current) on a rotating coordinate system which is determined its axis in g-axis
direction which is the same direction to the direction of the induced voltage vector.
When the current command is determined to be a current command of (A) in Fig. 8, and
when no dead time correction is carried out, a voltage becomes not to be applied due to
the affection of the dead time as the current command becomes smaller. Consequently,
the waveform of (B) in Fig. 8 is observed which has obtained by clipping the command
current in the vicinity of the current of 0. When the arrangement having a current
controlling section is employed (refer to Fig. 1, Fig. 4 and the like, for example), a
current is properly controlled based upon a difference between the current command
and real current so that affection of the dead time can be ignored for slow changing.
However, for rapid changing such as about once or twice within one rotation, sufficient
gain cannot be obtained so that the waveform becomes a waveform like (B) in Fig. 8.
When this has happened, the controlling section for canceling rotation speed changing
due to periodic load changing may become instable. Therefore, it is preferable that the
dead time correction is carried out when the outputting is carried out.

Fig. 9 is a diagram illustrating a detailed arrangement of the inverter. An
inverter of three phases ig illustrated in Fig. 9. The dead time is used for carrying out
controlling so as to turning the input of Tu- on a dead time interval after the turning the
input of Tu+ on so that Tu+, Tu- for carrying out switching for u-phase never turning on
simultaneously, for example. Therefore, when there exist a dead time, an interval will
be made, two transistors being turned off for this interval. However, a diode connected

in paralle]l with Tu- is turned on, if the current is flowing towards the motor for the
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connecting to + when the current flows towards the motor and when PWM is output,
and by lengthening the interval for connecting to - when the current flows from the
motor.

Fig. 10 is a block diagram illustrating a motor controlling apparatus of a
further embodiment according to the present invention.

This motor controlling apparatus is different from the motor controlling
apparatus of Fig. 1 only in that a peak current controlling section 18 is further provided
which receives the detection current, and that an amplitude adjustment section 15’
controlled based upon the output from the peak current controlling section 18, is
employed instead the amplitude adjustment section 15.

The peak current controlling section 18 detects a peak value of the motor
current, and outputs a command for suppressing amplitude when it is expected that the
peak value exceeds a value which is previously determined by taking the limited
current of the inverter or motor into consideration.

The amplitude adjustment section 15 receives an amplitude suppression
command, and carries out processing for lowering the gain by removing a value of a
certain percentage from the integration value instead the realizing the gain of infinite
conventionally by the integration and the like so that the fundamental wave component
of the angular acceleration becomes 0.

Therefore, the fundamental wave component of the angular acceleration never
become 0, but it becomes possible that the peak current is reduced because the
amplitude of the current command becomes smaller, and that the motor is kept to be
driven with a current which is lower than or equal to the limiting current of the inverter
device or motor.

In other words, inverter devices or motor with small current capacity can be
used so that decreasing in cost can be realized.

Fig. 11 is a diagram illustrating current commands prior to and after the
clipping. A current command waveform prior to the clipping is illustrated as (A) in Fig.
11, and a current command waveform after the clipping is illustrated as (B) in Fig. 11,
respectively. This waveform is a waveform which is obtained by applying a gignal for
removing periodic torque changing to the current command. The processing for

obtaining the current command deformed into a form with lower peak current obtained
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current is reduces while fhe average speed is maintained by increasing the average
current command value using the speed controlling loop and the like and by carrying
out clipping further. In this case, a fundamental wave component can be output
greater in equivalence than that in the above case that the amplitude is adjusted,
thereby the torque changing amount for realizing the fundamental wave component of 0
while keeping the peak current can be enlarged.

Fig. 12 is a block diagram illustrating a motor controlling apparatus of a
further embodiment according to the present invention.

This motor controlling apparatus is different from the motor controlling
apparatus of Fig. 1 only in that an error reduction section 19b is further provided which
receives the output from the amplitude adjustment section 15, and that a position
detection section 12’ controlled based upon the output from the error reduction section
19, is employed instead the position detection section 12. \

The error reduction section 19 has a previously determined magnitude of a
torque changing amount of the compressor, and compares the torque changing amount
output with this determined value so as to output a Lq correction command, for example.
The position detection section 12’ corrects Lq in response to the Lq correction command,
and outputs a rotor position, angular speed using the corrected Lq, for example.

Fig. 18 is a diagram illustrating changing in angular error for a case that the
g-axis inductance Lq of the motor § is smaller by 10 % than Lq determined in the
position detection section 12, in the position detection section 12 of Fig. 3. In this
figure, a case is illustrated that load is gradually increased following passage of time.
As is understood from this figure, an estimated angle is delaying following the increase
of load. Fig. 14 illustrates schematic waveforms of each section when the compressor 6
having repetitive torque changing for every one rotation is driven by changing the
output torque to suit the load changing using this position detection section 12. When
there are no error, the output torque is increased following the increase in load torque so
that the rotation speed changes not too great and that a regular rotation can be
maintained {refer to (A) in Fig. 14}. However, when Ld is small, the position detection
gection 12 generates an error in minus direction following the increase in output torque
so that the angular acceleration error of a phase which is the same to that of the output

torque and that the angular acceleration is observed to be great for a section where
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determined approximately by the construction of the compressor 6. Therefore, it is
understood that Lq set in the position detection section 12 is smaller than Lq of an
actual motor when the torque changing amount of the compressor 6 and magnitude of
the torque changing output from the controlling are compared with one another and
when the torque changing amount output from the controlling is smaller.

Therefore, the Lq correction command is output by comparing both torque
changing amounts in the error reduction section 19 in Fig. 12, and correction of Lq in
the position detection section 12’ can be realized.

Only the error reduction in Lgq has been described here, however similar
operation is carried out for the position detection section in Fig. 3, for example, when
error exists in other instrument constants, gains of the current detector and voltage
detector, therefore error reduction for those can be carried out with similar manner.
When error is generated in multiple parameters, respective error cannot be reduced.
However, the position detection error generated as a result of those can be reduced by
adjusting Lq, for example.

Even when a position detection section is employed other than that of Fig. 3,
there usually are correlation between a sign of a position detection error generated in
response to output torque and a sign of error of a parameter. Therefore, the error of
the parameter can be reduced using the correlation.

Fig. 15 is a block diagram of a motor controlling apparatus of a further
embodiment according to the present invention.

This motor controlling apparatus is different from the motor controlling
apparatus only in that an error reduction section 19’ receiving the output from the
amplitude adjustment section 15, the detected current, and the angular speed is
employed instead the error reduction section 19.

The error reduction section 19’ is previously set most proper torque changing
ratio in response to the angular speed, current, and outputs a parameter adjustment
command so as to make a torque changing ratio to be the torque changing ratio set in
response to the angular speed, current.

The load changing of the compressor 6 is determined almost due to the
construction of the compressor. However, the load changing of the compressor 6 is
changed depending upon the exterior condition, as illustrated in Fig. 5. Reduction of

the position detection error with accuracy can be carried out, accordingly, by changing
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current.

The invention of claim 1 has characteristic effect such that stability can be
improved and decrease in cost can be realized, when the voltage, current is controlled so
as to suppress the speed changing due to load torque changing.

The invention of claim 2 has characteristic effect such that adjustment can be
carried out for outputting an output torque with greater amplitude since the
fundamental wave component of angular acceleration still remains when an output
torque with amplitude is not obtained which is sufficient for canceling the fundamental
wave component of speed changing, and that an output torque becomes stable with
amplitude for determining the fundamental wave component of the angular
acceleration to be 0, then the effect similar to that of claim 1 can be realized.

The invention of claim 3 has the effect similar to that of claim 1 or claim 2.

The invention of claim 4 has characteristic effect such that an accurate
controlling corresponding to the torque changing can be carried out, and has the effect
similar to that of claim 1 or claim 2. |

The invention of claim 5 has characteristic effect such that an accurate
controlling corresponding to the torque changing can easily be carried out, and has the
effect similar to that of claim 1 or claim 2.

The invention of claim 6 has characteristic effect such that the flow of power for
the average within one rotation becomes the flow towards the motor from the inverter
so that the DC voltage does not keep rising due to the regeneration, and that saving
power can be realized by utilizing the regeneration power as a result.

The invention of claim 7 has characteristic effect such that voltage changing
due to the dead time can be suppressed, and has the effect similar to that of claim 6.

The invention of claim 8 has characteristic effect such that determining the
current capacity of power devices of the inverter to be greater capacity is not needed at
all so that decrease in cost can be realized.

The invention of claim 9 has the effect similar to that of claim 8 by reducing the
amplitude of the output torque changing.

The invention of claim 10 has the effect similar to that of claim 8 by changing
the waveform of the current, voltage or torque command into a form having a lower

peak current with respect to the average current.
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The invention of claim 13 has characteristic effect such that the reduction of
the affection of the error can be realized with accuracy, and has the effect similar to that
of claim 12.

The invention of claim 14 has the effect similar to that of claim 12 or claim 13
based upon the torque ripple.

The invention of claim 15 has the effect similar to that of claim 14 based upon
the torque ripple ratio with respect to an average torque.

The invention of claim 16 has the effect similar to that of claim 14 in
correspondence with the outer condition.

The invention of claim 17 has characteristic effect such that stability can be
improved and decrease in cost can be realized, when the voltage, current is controlled so
as to suppress the speed changing due to load torque changing.

The invention of claim 18 has characteristic effect such that adjustment can be
carried out for outputting an output torque with greater amplitude since the
fundamental wave component of angular acceleration still remains when an output
torque with amplitude is not obtained which is sufficient for canceling the fundamental
wave component of speed changing, and that an output torque becomes stable with
amplitude for determining the fundamental wave component of the angular
acceleration to be 0 so that the effect similar to that of claim 17 can be realized.

The invention of claim 19 has the effect similar to that of claim 17 or claim 18.

The invention of claim 20 has characteristic effect such that an accurate
controlling corresponding to the torque changing can be carried out, and has the effect
similar to that of claim 17 or claim 18.

The invention of claim 21 has characteristic effect such that an accurate
controlling corresponding to the torque changing can easily be carried out, and has the
effect similar to that of claim 17 or claim 18,

The invention of claim 22 has characteristic effect such that the flow of power
for the average within one rotation becomes the flow towards the motor from the
inverter so that the DC voltage does not keep rising due to the regeneration, and saving
power can be realized by utilizing the regeneration power, accordingly.

The invention of claim 23 has characteristic effect such that voltage changing
due to the dead time can be suppressed, and has the effect similar to that of claim 22.

The invention of claim 24 has characteristic effect such that determining the
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st 110%& ()-Y The invention of claim 27 has the effect similar to that of claim 26.

The invention of claim 28 has characteristic effect such that the accuracy in
rotor position detection can be improved, and the improvement in controlling of a motor
is realized.

The invention of claim 29 has characteristic effect such that the reduction of
the affection of the error can be realized with accuracy, and has the effect similar to that
of claim 28.

The invention of claim 30 realizes the effect similar to that of claim 28 or claim
29 based upon the torque ripple

The invention of claim 31 realizes the effect similar to that of claim 30 based
upon the torque ripple ratio with respect to an average torque.

The invention of claim 32 realizes the effect similar to that of claim 30 in

correspondence with the outer condition.
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Controlling the voltage or current applied to the motor (5) so as to determine a
phase of a fundamental wave component of output torque changing to be nearly
reversed phase with respect to the phase of the fundamental wave component of the
detected angular acceleration.

2. A motor controlling method as set forth in claim 1, wherein amplitude of
the output torque changing is controlled so that the fundamental wave component of the
angular acceleration becomes 0. .

3. A motor controlling method as set forth in claim 1 or claim 2, wherein at
least one of an output voltage, output current, and torque command consists of a sum of
a direct current component and a fundamental wave component.

4. A motor controlling method as set forth in claim 1 or claim 2, wherein the
motor (56) is a motor for driving a compressor (6), and the output voltage, current, or
torque command is formed in correspondence with a torque changing waveform of the
compressor.(6).

5. A motor controlling method as set forth in claim 1 or claim 2, wherein the
motor (5) is a motor for driving a compressor (6), and the output voltage, current, or
torque command is formed to fit a typical torque changing waveform of the compressor
(6).

6. A motor controlling method for controlling a voltage or current supplied to
a motor (5) from an inverter (4) so as to suppress rotation speed changing of the motor
(6) with respect to a periodical load (6), the method comprising the steps of;

Partially outputting negative torque from the inverter (4), and

Utilizing regeneration power during the above operation for motor driving
again,

7. A motor controlling method as set forth in claim 6, further carries out
compensation operation for dead time of the output voltage.

8. A motor controlling methed for controlling a voltage or current supplied to
a motor (5) from an inverter (4) so as to suppress rotation speed changing of the motor
(5) with respect to a periodical load (6), the method comprising the step of;

Controlling the voltage or current not to exceed a current maximum value of

power devices of the inverter (4) taking precedence over the suppression of rotation
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10. A motor controlling method as set forth in claim 8, wherein the method

—

controls the voltage or current not to exceed a current maximum value of power devices
of the inverter (4) by changing the waveform of the current, voltage or torque command
into a form having a lower peak current with respect to the average current.

11. A motor controlling method as set forth in claim 10, wherein the method
carries out the changing of the waveform by clipping the waveform of the current,
voltage or torque command with a standard value.

12. A motor controlling method for calculating information for a rotor position
using a current and voltage applied to a motor (5) and the instrument constants of the
motor (5), and controls the voltage or current applied to the motor (5) based upon the
calculated information, the method comprising the step of;

Reducing the affection of an error of the instrument constants of the motor (5),
or an error of a sensor (11a)

(11b) for detection of the current, voltage based upon characteristic property of
load.

13. A motor controlling method as set forth in claim 12, wherein the method
carries out the reduction of the affection of the error of the instrument constants of the
motor (5), or the error of a sensor (11a)(11b) when an ordinary load is driven.

14. A motor controlling method as set forth in claim 12 or claim 13, wherein
the load of the motor (5) is a compressor (6), and the method reduces the affection of the
error of the instrument constants of the motor (5), or the error of a sensor (11a)(11b)
utilizing the torque ripple of the compressor (6).

15. A motor controlling method as set forth in claim 14, wherein the method
adjusts the instrument constants so as to determine a torque ripple ratio with respect to
an average torque to be a predetermined value, the average torque being observed from
a section which calculates information for a rotor position using the current and voltage
applied to the motor (5) and the instrument constants of the motor (5).

16. A motor controlling method as set forth in claim 14, wherein the
determined value for the torque ripple ratio is a value determined in correspondence
with at least the rotation speed, torque, or current.

17. A motor controlling apparatus for controlling a voltage or current applied
to a motor (5) for driving periodical load (6) so as to suppress rotation speed changing of

the motor (5), the apparatus comprising:
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18. A motor controlling apparatus as set forth in claim 17, wherein the control
means (12)(13)(14)(15)(16)(17) controls amplitude of the output torque changing so that
the fundamental wave component of the angular acceleration becomes 0.

19. A motor controlling apparatus as set forth in claim 17 or claim 18,
wherein the control means (12)(13)(14)(15)(16)(17) employs a value consisting of a sum
of a direct current component and a fundamental wave component, as at least one of an
output voltage, output current, and torque command.

20. A motor controlling apparatus as set forth in claim 17 or claim 18,
wherein the motor (5) is a motor for driving a compressor (6), and the control means
(12)(13)(14)(15)(16)(17) employs a value formed in correspondence with a torque
changing waveform of the compressor as the output voltage, current, or torque
command.

21. A motor controlling apparatus as set forth in claim 17 or claim 18,
wherein the motor (5) is a motor for driving a compressor (6), and the control means
(12)(13)(14)(15)(16)(17) employs a value formed to suit a typical torque changing
waveform of the compressor (6) as the output voltage, current, or torque command.

22, A motor conti‘olling apparatus for controlling a voltage or current supplied
to a motor (5) from an inverter (4) so as to suppress rotation speed changing of the motor
(5) with respect to a periodical load (6), wherein the apparatus employs an inverter
which partially outputs negative torque from the inverter (6), and utilizes regeneration
power during the above operation for motor driving again, as the inverter (4).

23. A motor controlling apparatus as set forth in claim 22, wherein the
inverter (4) further carries out compensation operation for dead time of the output
voltage.

24. A motor controlling apparatus for controlling a voltage or current supplied
to a motor (5) from an inverter (4) so as to suppress rotation speed changing of the motor
(5) with respect to a periodical load (6), the apparatus comprising;

Control means (18) for controlling the voltage or current not to exceed a current
maximum value of power devices of the inverter (4) taking precedence over the
suppression of rotation speed changing.

25. A motor controlling apparatus as set forth in claim 24, wherein the control

means (18) controls the voltage or current not to exceed a current maximum value of
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means (18) controls the voltage or current not to exceed a current maximum value of
power devices of the inverter (4) by changing the waveform of the current, voltage or
torque command into a form having a lower peak current with respect to the average
current.

27. A motor controlling apparatus as set forth in claim 26, wherein the control
means (18) carries out the changing of the waveform by clipping the waveform of the
current, voltage or torque command with a standard value.

28. A motor controlling apparatus for calculating information for a rotor
position using a current and voltage applied to a motor (5) and the instrument constants
of the motor (5), and controls the voltage or current applied to the motor (5) based upon
the calculated information, the apparatus comprising;

Affection reduction means (19) for reducing the affection of an error of the
instrument constants of the motor (5), or an error of a sensor (11a)(11b) for detection of
the current, voltage based upon characteristic property of load.

29. A motor controlling apparatus as set forth in claim 28, wherein the
affection reduction means (19) carries out the reduction of the affection of the error of
the instrument constants of the motor (5), or the error of a sensor (11a)(11b) when an
ordinary load is driven.

30. A motor controlling apparatus as set forth in claim 28 or claim 29, the load
of the motor (5) is a compressor (6), and the affection reduction means (19) reduces the
affection of the error of the instrument constants of the motor (5), or the error of a
sensor (11a)(11b) utilizing the torque ripple of the compressor.

31. A motor controlling apparatus as set forth in claim 30, wherein the
affection reduction means (19) adjusts the instrument constants so as to determine a
torque ripple ratio with respect to an average torque to be a pi'edetermined value, the
average torque being observed from a section which calculates information for a rotor
position using the current and voltage applied to the motor (5) and the instrument
constants of the motor (5).

32. A motor controlling apparatus as set forth in claim 30, wherein the
affection reduction means (19) employs a value determined in correspondence with at
least the rotation speed, torque, or current, as the determined value for the torque

ripple ratio.
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