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InveBRERIFANEANBNI Mtor Control Method and Apparat us
Applitvet. Beikin Ifdesttiesiltdl Fi el d This invention relates to a
not or control nethod and apparatus thereof for
controlling voltages or currents applied to a notor
froman inverter so as to suppress rotation speed
SPRAQIFBECATION the notor which drives a periodical |oad.
Background Art As a conpressor, there exist a
1-cylinder conpressor and a 2-cylinders conpressor.
The 1-cylinder conpressor anpong them has advant ages
MotarcbontrpbMeshed abdAnfarabwpTheraod of the conpressor is
small and that a cost of the conpressor is cheap
whil e the 1-cylinder conpressor has di sadvant age such

Tecé?xgc%:llﬁi ration of the conpressor is greater so that

eration of the conpressor is difficult
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smal | "as possible, wth efficiency as high as
suppees it tionBhedd Variatiahiofithy motbt whiclalisiwed @gidraslliédldbad.
- an arrangenent is enployed so as to realize

performance of an inverter fully, and that the

inverter is made with a cost as cheap as possible. By

Backgrowed Awem i nt o consideration, it is proposed from
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CT/ JP03/ 13017 (filed on Cctober "10, 2003) |Inventor:
thaKivids€onNobtike complressantis ddakdrmsd BHAS bEdlfls opelrftion of the

compressor is difficult because the 1-cylinder compressor has greater load

torque variation.

_Therefore, it is desired that a 1-cylinder compressor is driven with vibration

as small as possible, with efficiency as high as possible, and with stability.
It is also desired that an arrangement is employed so as to realize
performance of an inverter fully, and that the inverter is made with a cost as
cheap as possible.

By taking them into consideration, it is proposed from the past that torque
controlling is carried out so as to determine speed variation value as gréat as

possible within an extent where decreasing amount in efficiency is

suppressed to be equal or less than a predetermined value and vibration does

not matter in practice (refer to Japanese Patent Laid-open Publication

No.Heil0-174488 gazette).




It is also proposed that torque ripple correction
PCTAR0418017 @iled @n Oetabe do, 20@3) | om ng becom ng greater of the
Invegtoe EATANM Nobiddt t orque ri pple correction anount is
ApphdiptuBtikid Inostriessigdndi ng to a peak val ue of a ripple of
a current which flows an inverter (refer to Japanese
Pat ent Lai d-open Publication No.2001-119981 gazette).
Di scl osure of the Invention Wen the notor control
It fetadan é:(rbpéﬁdn ahhertorgher Fipfld @odfectidnddendiftt! i deckSased
carried out at high speed rotation so as to
follswirg beeming graxteesf thotspeednandpded toaguatrimrle dofgection
met hod controlling voltages or currents applied to a
amomntors adimstech correspordingoio & tpeadi valueneha mpplewf a current
,tﬁre&ue So as to s%pg%ess rotation speed variation _of .
whichfloge an wRverter {reias toedananese| Batentalaid-eper Mhlisation
' L ses.Lh, t hat command vol t age becones a conmand
_No'gébfiggég%ﬁ%%tés equal to or greater than a voltage
whi ch can be output froman inverter and the out put

vol tage becones saturated, therefore the current

Dis€leBhFf theoRRRBstisaSt abl e, the torque control diverges,
consequently the current control becones
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out, the efficiency beconmes worse instead. Wen the

contirok dpeeoment wadtable, stie itorqamt kyniral rdiedrgest ,conbepsently the
' current flowing in PCT/JP03/13017 (filed on QOctober
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driving of an inverter is carried out, a pulse width becomes shorter
consequently the affection due to the deé.d time becomes greater. When the
torque control is further carried out for this operation, a situation occurs
where the pulse width becomes further shorter so that positional sensor-less
control of a motor and current control may become unstable.
When load is light, sound, vibration do not matter, and the torque control is
unnecessarily carried out for some cases. But, when the torque control is

continuously carried out, the efficiency becomes worse instead.

When the torque control is sufficiently carried out, minus current flowing in




when detection extent of the mnus current is
PCT/XROUTX0il ¢ (fdaditon Cctoberd r20@Nt exceeds t he detection
Invegtot: KATANQ, Nobnidgat i ve si de so that situation where the
Appleant: Bnikindudusiges, bid. det ect ed. Consequent |y,
di sadvantages arises in that the current control
becones unstable, the torque control diverges, and the
notor stops. The present invention was nmade in view
a divket Aarraboy&tivnodl Aivelteritecomlcs lgrba ] eTherifotd)@vhen the
present invention to provide a notor control nethod
curzent Spwaginshe déreeb founhintheectionad] thet inveriguds centated and
output in correspondence with an output voltage of an
whemaateetion |extpat pfsBreomaingts] earrept ishmgwilieient, the current
I nyentign to, provide,a notor contyol t hod and
EXC%%%%% agt@tcﬁ@ﬂle@ft% iR Begativg side sothalesituatipp where the
out.put so,as, .not ,to.exceed tection limt af a.
curfefielin ROk P STl it M Bhd afbedin that the
' ' r.QVJ O t
curk BN Heoled thisfoile Blcor R0 bRl Bies, 34 the motor
stopdren load is light. A motor control nethod of a first
aspect of the present invention is a nmethod for
detecting an output voltage value or command val ue of
an inverter, and for controlling a voltage or current
Theopresbpt inmearticer whaseatlcupoviewhef thet elmtvieqroblemhsie so
.that the output voltage value or conmmand val ue of the
It i5 st ebiegb eEthEhm'esenb srNPTHiQ taipraside aetotaxl aeatrolireethod
a voltage or. cur enthé pplied to a notor fromihe i
and; Rpparatus o theyeof ohich sgans adgusiydigrade eerigp] oputput in
vari%?li on _of the.notor. which drives periodic
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not ko éRededr detkbiidMNOmiblob dksurAniy degot.. Dai ki n I ndustri es,
Ltd.. the detection.value so that the output voltage

It 1sva thierd @bjens refidihel pvedend infenthen té pyevitle n Mot coatrol method
exceed a predeterm ned val ue, taking precedence over

andagparates theree! whick ¢agntuipeeld teuaveatondrol wihemlogd is light.
vol tage or current applied to a notor fromthe
inverter is controlled so as to change notor out put

| A m%ﬁ%%ts%lo%ﬁgcﬁio éfz% ?ggtg%r Otcgta.#' glrxle %Pgs%%t \:{gxrrél?ttitl):t? 1 fmethod
for detecting an output voltage value or command value of an inverter, énd
for controlling a voltage or current of the inverter based upon the detection
value so that the output voltage value or command value of the inverter does
not exceed a predetermined value, when a voltage or current applied to a
motor from the inverter is controlled so as to suppress rotation speed
variation of the motor which drives periodic load.
A motor control method of a second aspect of the present invention is a
method for detecting an output voltage value or command value of an

inverter, and for controlling a voltage or current of the inverter based upon




| oad. A notor control nethod of a third aspect of the
PCTpP@Y &30 7 {filnden Ocoberilg, 2803yet hod for enpl oyi ng a peak
Inveptat: KETANONvbulout put vol t age val ue of the inverter or
Appligeat: Deisimfedusiriesaltde as t he detection value. A notor
control nethod of a fourth aspect of the present
invention is a nethod for decreasing an anplitude of
an out put torque variation of a notor, and for

thecdwitétddn alhedsovidlat 386 odkpetvdleade PAludibri dxahh8H value of the
‘that the output voltage value or command val ue of the

inverbeerdess dokeexoedd expeatbtarmiet etaueri taddny apreecdervenover
a voltage or current applied to the notor from the
suppressior of refasiont sreefiadrindians when haolfegaor surentpapplied to
torgye foy suppressing rotation speed variation of
a matgr ﬁ%\%r’cflwwwt@f il%gltﬁ@ﬁ)?ff;a@ @Sﬁsa@ary&er@@w QERuE dprque
method of a fifth aspect .of. th resent inventi.on is a.,
for (RpREtFsLie, FoUAbORcTI g CAKAHPRAL (B TACHYBHBeRTige? Rgrigdic
loagUrrent detection section, and for controlling a
vol tage or current of the inverter based upon the

A nfdtbF 8itro0Rbeitdd M YRirH 2spOctASY tARprb S it98AtibASs a method

current detection extent, when a “voltage or current

for apploEdgtzopealiroblife éff 1hid dutput ReRRkEvalSe 6PFHd vie@Ebrsst the
as to suppress rotation speed variation of the notor

comuhaud vdlue es tipedemdtionlvadde. \Wherein, the current of
~ the inverter may be an output current or an input
A metor gontrol methed odm donrthensprrtof! theipreserdshvention is a
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notor, when a voltage or current "applied to t

the ivaterf Iswonthitledriceld @rchahgeGadior Quitpat foqas f610s g€ing
not or out put torque for suppressing rotation spee
rotatiom spaedrvariatidre ofrtheomotdnt wihiclr dviess perioditiloadload. A
: motor control nethod of a seventh aspect of the,
A meteseantrolimethadoef 3 &ftd asnechof the prepsot davenidpmis a method

| j.tude of an qutput torque variation of not or
for g%ctmg a current o anplnverter sing a current detec%ion section, and

for controlling a voltage or current of the inverter based upon the current
detection value so as not to exceed the current detection extent, when a
voltage or current applied to a motor from the inverter is controlled so as to
suppress rotation speed variation of the motor which drives periodic load.
Wherein, the current of the inverter may be an output current or an input
current.
- A motor control method of a sixth aspect of the present invention is a method
for detecting a current of an inverter using a current detection section, and
for controlling a voltage or current of the inverter based upoﬁ the current

detection value so as not to exceed the current detection extent, for driving a




and for controlling a voltage or current of an
PCTVIROHT0ET (fiked oA Sctoldr 10,2084 ceed the current detection
Inveatot: KITANOYNebukd vol t age or current applied to the notor
AppfivaotrDaikindndusiwesritér i s controlled so as to change notor

out put torque for suppressing rotation speed

variation of the notor which drives periodic |oad. A

not or control nethod of an eighth aspect of the
moRreadih 4 RYBALE ¥F difrrént ABHHOE th GheimBtdre®bhy the inverter is

detecting the output current of the inverter by
contielledtsorsg tolvhaingp whotonbuemit whqtiéor suppreedingsotigidmhepeed

current detection section, and for controlling the
varigdiameether motonrwhichodrivérepéniodictlead.so that the peak

val ue of. tlhe input current_ of the inverter in_negative
A mpter cgabeo!l 1ethadk ef agsevepth Raneehiohdhe ryegent AnyRitem 1s a
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the iAV@téLls dostRARA Sl L6 Gang® thetoRbangat 4 ae forsddressing
torque for suppressing rotation speed variation of

rotathem spdedrvarbatidn df theemoper whdélc dtivasl peodiztloadcont r ol
met hod of a tenth aspect of the present inventionis a

A mpdonsantiobmeidodcef ay eighthtaspact of) the adebsntninwantism is a
t&n a\é?e*ragggcurre‘gé. A notor control nethod of an

. method, &x pidapelly detectiveptle Hutpuhvenresh 9fs the instentar by
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excéaid DpesdetOrmAByaluenvent or: Kl TANO, Nobuki Applicant:
Dai ki n I ndustries, Ltd. provided which can control a

A mdtaremntod methio dvoflat migeh wispedt dfthe ppedaredntventioe is a method
i.nverter, and when a volt?]%e or current applied to a
for detastingr emashianativgrioad, angd fonneblsupprewing notadomrapeed

varigRonL BRSO VR HBETORRPER TR VBS 1568 RS SPRRLET than &
pre%?téglrgﬁeo {z]f«\{/lgl:qt Yrs'rg:qg?agv@];:age (gx\'NgJufrtezqt %5’81?8& t0 %het; Iﬂ:leotor from an
inverter is controlled so as to change motor output torque for suppressing
rotation speed variation of the motor which drives peribdic load.

A motor control method of a tenth aspect of the present invention is a method
for detecting or estimating load by means of an average current.

A motor control method of an eleventh aspect of the present invention is a
method for detecting an output voltage value or command value of an
inverter, and for controlling a voltage or current of the inverter based upon
the detection value so that the output voltage value or command value of the

inverter does not exceed a predetermined value, when a converter is




met hod for controlling the direct current -voltage
. PCTErpp1 30¢T(filed oh ldetobstier20€3) based upon the detection
Inventat: KETANO,Mwbadi control apparatus of a thirteenth
Appéispe Peikiofindubtdespitdsent i nvention for controlling a
vol tage or current applied to a notor froman inverter
SO as to suppress rotation speed variation of the
not or which drives periodic |oad, conprises a
pro¢iledoivhivh &Aool ArdiflRl @etidit Witd RUich/R §8FRied to the
val ue or command val ue of the inverter, and an
- invertegrdral whentda obltage bir ourfemit apphiedabld Aptonfiroal thgwiter
. current of the inverter based upon the detection val ue
1s coptrobied sa he touthamgevmbteargeutpaltu®rgne dormsappresaing roffation
%&e i nverter does not_exceed a predeterm ned value. A
spegd variatiom gheapphr v hichgirives priedie dearl-aspect of t he
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bask@3BonAPBRItS&forfvaRIcECt i On section for detecting an

out put voltage value or command val ue of the inverter,

A nii6r edhtir6lvE S Alatus 0Nk tBirte&eth Ahekdbf ERN bt M8véntion for
vol tage or current of the inverter based upon the

contiellecg aoroltegeusr sarrehfibpphied dotapmibterofroaganviavetepso as to
conmand val ue of the inverter does not exceed a

suppresgerasavipneipeed| variationiof ghermotatewhdcloaives periodic load,
suppression of rotati oq_qaspeed variation. A noptor
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predetaimohdd pgl, vol tage or current applied to a notor
' froman inverter is controlled so as to change notor

- A motemesnttadrapparbtus sfip foededmiy aspleat obthespasdnt invention for
variation_of the nmotor which drives periodic |oad,
conigehing 8 avltageimvanrent applied 60 asuotdrofrofoan deversas spgs to
an anmplitude of an output torque varjation of the
changg §HotoR QP Y tezgrerior ISPRGTassIng relgdiony seend entiabpnigfdhe
motot W rial? rdrlsv%stpl?a%}odtig ?oad, compriges a detection section for detecting
" an output voltage value or command value of the inverter, and an inverter
control section for controlling a voltage or current of the inverter based upon
-the detection value so that the output voltage value or command value of the
inverter does not exceed a predetermined value, taking precedence over
suppression of rotation speed variation. |
A motor control apparatus of a fifteenth aspect of the present invention
employs a peak value of the output voltage value of the inverter or the
command value as the detection value.

A motor control apparatus of a sixteenth aspect of the present invention for




out put voltage value or command val ue of the inverter
PCTdBex1300T (filedoe Edtober 1120483t er m ned val ue. A notor
Invegion KITANQ,Nphukat us of a seventeenth aspect of the
Apppeants Paikinilndpstriesi lgd.  for controlling a vol tage or
current applied to a notor froman inverter is
controlled so as to suppress rotation speed vari ation
of the notor which drives periodic |oad, conprises a
con€tdlliggta delleglel 6P @edtoBppHEd df) achidter FromUsh Eittvedfer is
- the inverter, and an inverter control section for
contmhledaiol dsnig changelnheige oatpeitorgne faf sugpeebsingnbdeation speed
based upon the current detection value so | as not to
varigtige@fithe moteremhidetduvespesiodintoadihenmaprises aa inverter
' cutrent of the inverter may, be an, output current or an
conpw&, Section ,f%g_ecrga%g&n @@mht&deéﬁ'@d} gutputsforgpe variation of

theGBRrOTI Ay SORFERRg BTIEREA PEALTISRHISF She fover Tt hat the
outé{u? Do b Vb e éo?m?]ﬁndt Qaﬁﬂasp&ﬂlﬁ\%rt&%igg% nbf regctu; ed a
or supgreSS| ng rotation speed variation o e notor .

pre@bieehhifed vaduperiodic | oad, conprises a current
detection section for detecting a current of the

A nidwebelrol apgatitusvfel b&Fertooitohs5@E of ¥he fftesent invention
controlling a voltage or current of the inverter based

for omotrolliveg auveléage orletimemit cappliddieo somasomfitont anekneetkr 1s
the current detection extent, for driving the notor.
conixobeelo30 @sntor spprsartetakionfspeedi vetiation ofathpemotes which
.the pr,e(f_e t i.nvention for conf#ol ling a voltage or
driviegr PIe lsglﬁﬁﬁeeomarléem srrieng HefRction seetden Jor geteqting a
chan t.or _qut put .t orque for suppressin ot ation..
curterled SHF  BrpEm R AR HISEHET JTHPLGReR8 [ PeiFelling a
ni.er .
voltg8 P KRB SFR oS e AT Bln SEGphE deldbion yalye =

as 10t foh&xd¥Bl Ghe ApfedtOdetbefibnl/ e&%’@ﬁ”g 13@1hérdihi kRS cQPrent of the
Qct ober 10, 2003)  Inventor: KITANO, Nobuki Applicant:

invddéKinhyl felas tolitest clsirent 60AhNiapht Bar@nyol t age or
current of the inverter so as not to exceed the

A moor emitrobleppatdtun ofareeaightdemiht aspecoof the papgartainvention
of a twentieth aspect of the present invention

for eonprdflingen yebagoar rorrent divpdiet| bt algoter fog aRdNweXtEUEO as

urrent of the inverter . . .
to cﬁange motor output torque f%r suppressing rotation speed variation of the

motor which drives periodic load, comprises a current detection section for
detecting a current of the inverter, and an inverter control section for
controlling a voltage of current of the inverter based upon the current
detection value so as not to exceed the current detection extent, for driving
the motor.
A motor control apparatus of a nineteenth aspect of the present invention for
| controlling a voltage or current applied to a motor from an inverter so as to
change motor output torque for suppressing.rotation speed variation of the
‘motor which drives periodic load, comprises an inverter control section for

decreasing an amplitude of an output torque variation of the motor, and for




by detecting the input current of the inverter as the
PCTEIRO3/&30 7 didddea Ocoterd@000)N, and enpl oys a section for
InveontKIDANO,Npbekivol t age or current of the inverter so
" Applitvat: Dedhin Iplestiesyltiiue of the i nput current of the
i'nverter in negative side does not exceed a
- predeterm ned value as the inverter control section. A °
not or control apparatus of a twenty-first aspect of

contFRLAE @SeHaderafifrtit of thle 169846 kb aBGod tY ekéRAE W current
current applied to a notor froman inverter so as to

detettaorgextemtor out put torque for suppressing rotation
speed variation of the notor which drives periodic
A moteat, condrglr apparatus o dweeatietlraspect pbmhé qrresent invention

dlgt ecti ré% or estipmating |oad, and an inverter contr ol
employsigopeofion fesandagpidy dedecting thapnmptspusent of the inerter
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notleweedd/ a phbdstetmipsd value AAtHY BSRReri cOMER sO&ioavi ng a
converter which can control a direct current voltage
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- a voltage or_current applied to a notor fromthe

for ponteelliag s molege or chareys anplisd toa puator froguenfinverter so as
uppressing rotation, speed variation, of the notor
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loadPbdinRieAlS0thar 4 predetefmitédPaluel 0, 2003) Inventor:
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A mowberocontooltapplaratysaciad tsenty-secondrtspeétoafithie repeatt invkntion
the present invention further conprises a direct '
employs entectiont fagalesesting or estimating dead bt mehhs of arhaverage
di rect Cl.irr t voltage supplied to the inverter based

currend asithe o detachion Pafige:

A motor control apparatus of a twenty-third aspect of the present invention
having a converter which can control a direct current voltage which is
supplied to an inverter, and for controlling a voltage or current applied to a
motor from the inverter so as to change motor output torque for suppressing
‘rotation speed variation of the motor which drives periodic load, comprises a
detection section for detecting an output voltage value or command value of
the inverter, and an inverter control section for controlling a voltage or
cu}rent of the inverter based upon the detection value so that the output
voltage value or command value of the inverter does not exceed a

predetermined value.




- When the notor control nethod of the first aspect of
PCTYIRG3/[B0&BEilekl oh Ovlebddr L2008 enpl oyed, the nethod detects
Inveptos KGTAN@IINobdlit age val ue or conmand val ue of the
Appligapie Prilsin Indystdesclgdt rol s the vol tage or current of the
i nverter based upon the detection value so that the
out put voltage value or command val ue of the inverter
does not exceed the predeterm ned val ue, when the
A n¥abt 8@etrel apSataiesof aRlente-fé@rthhispeBl 6f the ¥¥sbhinvention
inverter is controlled so as to suppress rotation
furdpeadmpisest 4 diveof ctinentotobagetvonbrad sevtdsn fer cadirelling the
. load. Therefore, the notor is prevented from .
direst comrrent yobnge reunpliedr tottbp nventeakbasady uphs theodgtection
control prior to the saturation of the voltage, and
valigre t orque control can be carried out up to the Iinit
of the inverter even when the notor rotates at high
.speed. Wien the notor control nethod of the second
f i ' i S, 0 ; ..
WhESEE i for bS] ERBhe oRHRY i asped PR Ropt Mpution i
empBYe® thefmbilfod dMBELLIhe G uE YOI S/l BE oY BbidgSh PV alue of
current of the inverter based upon the detection
theiabetes aridhaéntirbl het voltageobt agfrondlofehein¢eraBMdsed upon
value of the inverter does not exceed the
the pletebbiosr vilne dothhtiehe baiputgrgitazeeddne er cvmmand value of the
. suppression of rotation speed variation, when the
inveigex slges orotc greandt the Mueddtermine evaltieorwhewbhehwoltage or

ek g L 0 T oS S R o B B
ouf Bt it B S Ao BB B e,
e B4R B EO0 3Pk B B oo o

tordi® &ftEA185kiOME0 YRe kRUMRION 87 thedfoltiise, AW Ehd 8br@¥Sntrol
when the notor rotates at high speed. PCI/JP03/ 13017

can (el dagtie @ RubsipofReihe 10mitZ6i Bk invementesn wiehAHE mbeditiotates

Applicant: Daikin Industries, Ltd. Wen the notor
at higinspedd.net hod of the third aspect of the present
invention is enployed, the nmethod enpl oys the peak
Wheam themetox pentsok wethedof theesegandaspect afitheipresenteinvention
. the c nd val ye, as the detection value. Therefore,
18 elaggqyfﬁf e E?ﬁf%@afdéé%c'%it O3EP b Velikage vatue gfcqmmand value
aspect. or_the second aspect can be reali.zed. en the
of i B3 end PoR b Reheridlfde prtt i Beribgitenbaned Bon

" the BERS6Bh vATYE RS tREL the output voltage value or command value of the

inverter does not exceed the predetermined value, taking precedence over
suppression of rotation speed variation, when the voltage or current applied
to the motor from the inverter is controlled so as to change motor output
torque for suppressing rotation speed variation of the motor which drives
periodic load. Therefore, the motor is prevented from occurrence of
irregular stop by weakening the torque control prior to the saturation of the
voltage, and the torque control can be carried out up to the limit of the

inverter even when the motor rotates at high speed. -




is enpl oyed, the nmethod decreases the anplitude of the
PCTAIPOP 13017 (Megfwa Octoberilatiood) of the notor, and controls
Inventve KIGAN@Népbaki current of the inverter so that the
Appbicanp Daikindhdustges, el ue or conmmand val ue of the inverter
does not exceed the predeterm ned val ue, when the
voltage or current applied to the notor fromthe
inverter is controlled so as to change notor out put

WHheerthid@n bk cofitiol hfsthbA af t1d Mik@RspRIVT tHapreddr®In®dntion is
the notor which drives periodic load. Therefore, the

empivyed, ke methedeapléyothopeak vahreofothel dutpa valtage @glue of
by weakening the torque control prior to the

thesmvertern on tife command apdue aasd thhedeteotiquevalmet r Therafore,
be carried out up , to the limt of the inverter even

opegatan A effentgrimilaraoddoge ofithe fiypkagpeotinarthenzecand gspect
. cl?oﬁln]téffrﬁcil HEt hod of the fifth aspect of the present
can %8R- i s enpl oyed, the method detects the current

| ( ( . g
Whils thidGpbidy b B Wer8a Y b Rt BERL O ERR S Regtion
is &ABMhyeRe thel MiRhoded&eba Ry ViR Lés%éﬁt i e%\?t ﬁHeo oyt %rque

the current detection extent, ol tage “or

vartitioreof tlePRIotes dnd éditrdlBttRE voltdFediecurd¥ @l b€thd Faverter so
controlled so as to suppress rotation speed variation

- thatfthe hmutpot oroltdgectaludr o esmpearidb datud ofidhe Tineertkordyes not
the notor is prevented fromoccurrence of irregular

excegbphepredesreminggl valse; srhpmethooveltage pr currend appdied to the
current exceeding the defection extent of the current

motgg feomitha 1REerter I prrirelipd spas to ehargomaiar putpwrtorgee for

e R B S 57 S s
i s the.volt

The¥foh€ ehe SEORE’ 12 baRFaNveyl, Bl SBOEB ool PIBRVER oftpy b

weddanikd ehe 'i:oxgx;e @ial Oplll&v BN satflrd ODR. of\ﬁx@%ltage and the

Appl i cant: I kin Industries, Ltd. upon the curreht

torglet @atidRkaddel@rsiddasitAY td thedkGeest theenee¥tb£B8Yeon when the
detection - extent, for driving the notor, when the

moteplrotades at high speed. applied to the notor fromthe
inverter is controlled so as to change notor output
When theiadter cortypbmethod gf the fifthaspepeelitheapieaenbmwemtion is

emRlgesh 56 BRebbe: Aeherro HhoCEUTeEn 68 D invesis dema Gprrent
detegii@g\gﬁﬁ%ﬁggjt Hgdgcg)?%%cﬁé gﬁg w?o%atgreocl)r gtgli*r%;lt to(i)' tthlgaeinc\:rg{'tre% rgatsed
upon the current detection value so as not to exceed the current detection
~extent, when the voltage or current applied to the motor from the inverter is
controlled so as to suppress rotation speed variation of the motor which
drives periodic load. Therefore, the motor is prevented from occurrence of
irregular stop by weakening the torque control prior to the current exceeding
the detection extent of the current detection meané.

When the motor control method of the sixth aspect of the present invention is
employed;_ the method detects the current of the inverter using current

detection means, and controls the voltage or current of the inverter based
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extent of the current detection neans. \Wen the notor
PCTOROR/1301 7 (fitdde dcobertth0@@vent h aspect of the present
- Inventou &FTAND, Nobulénpl oyed, the net hod decreases the
Appleapt: Deikindnduftrieshitdout put  torque vari ati on of the
- notor, and controls the voltage or current of the
inverter so as not to exceed the current detection
extent, when the voltage or current applied to the

updIDtRs chi@mttdBettioevhRie b6 aS0MY &) bRsbefotRS e b @BER ion
not or out put torque for suppressing rotation speed

extemwd, i far i dvivialr thee noosbnrwhish chedvoliage perdureént hppled to the
- Therefore, the notor is prevented from occurrence of
motorfeel the invertebys orntikelléhge ahdo chayge ngwnt putpyriovque for
to the current exceeding the detectiogn _extent of the
SUpPHPSSNg Tk RIS TEAIRSIOVARhe MOtRrPBICh oRFebPoHiatitdaad
of .t he eighth aspect of th resent invengion is
Thedpfiirgy dfic Pioconat HUGVERiA SibhOGRFERASS  Ohdrggpis stop by

588 B S, 6 B0, RSB ptecion

extéBASSther&AMdtttiSod Rl tage or current of the
Inverter so that the peak value of the input current

Wheh tHe bR’ befitroD Megdid & Hed@etOfth NRbeeX ©Eethed present
predeterm ned val ue. Therefore, the detection accuracy

inveritioines empleped, tlensmwmthod ddeeesnseasi thez adhplitnde dst dat batput
accuracy can be inproved, and the capacity of the

torquér van@tivanebtheamotss, dadr endeelsathe vblbageor efrreht of the
e decreased by narrow_ng the

. invgﬁ% S s 0L L6 PRess b GHErond defectiop @P;Eﬁntowb&ncrhgfw@tge or

corf 4 BSOS ool Aot SER e o chane
: . . o .

o RRlk 5 B R85l B 06 BLE3STyRIENE D b

whith TaNGes NgBREHi AP A CaMLerBRIrK! NtHNGHSHOR! &S pretBntdd from

enpl oyed, "the nethod detects or estimtes |oad, and

occfl@eficd10f iftepRles Stop' By aveslterfingethey tdrigaki @htffl pH6r to the
notor in correspondence with the 1oad being smaller

- curtemdextéalipgatie tdetedtivadextahtiof thdhewrrehe detsctiagemeoans,

current applied to the notor fromthe inverter is ]
- When tiae s10tet centrabmeshehafithe exghsh aspe¢iaf theqrgeentf imvention

is eyRGieoathe dacthpdindRpetly Gateois kB eRre, cuwant P the Harter
by (?gt];i:t%g ghas mvvl‘}})%@ gul}(raellltogfi tﬁg i{nirgrqter %asri]ng the current detection
means, and controls the voltage or current of the inverter so that the peak
value of the input current of the inverter in negative side does not exceed a
predetermined value. Therefore, the detection accuracy of the current
B _ sensor can be minimized, the detection accuracy can be improved, and the
caj)acity of the current sensor can be decreased and the cost of the current
sensor can be decreased by narrowing the current detection extent. Also,
operation and effect similar to those of one of the fifth to seventh aspects can
be realized.

When the motor control method of the ninth aspect of the present invention
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be i nproved. When the notor control nethod of the
PCTVX03/1B04T (fiditon Oktobda@0,20@%ent i nvention is enpl oyed,
Invehifoe KfBANQMNotletiect s or estimates | oad by neans of the
Apphicest: Bgiéin Igdustriesnktd. Ther ef ore, operation and effect
simlar to those of the ninth aspect can be realized.
When the notor control nethod of the el eventh aspect
of the present invention is enployed, the nethod

is d8pREEE, the ntdthpltdetetisofie e¥idind@ed load R Adey oY uporess
the inverter, and controls the voltage or current o

rotdtien spasdvbeativassthepaotdhin catresiondlenvawich she itwd being
t he out put voltage value or command val ue of the
smalherethan thio predaserminasbualuee whathevoitagel oy ahueent applied
' n the _converter i s provi deq whi ch can control the

to fﬁf@? Botog fone the vgvergs 1s gonsrplled sqgpitoeehange: motor output
o RS . e i 4 ERPL e
perUROR LD BlerBtB bRt fng o HREMET BB L B3 4t can

be i edherefore, the direct current voltage of the
Inverter can be determned to be a m ninum voltage,

WhaAdheahsRaULRALIY théhoddfhel t2ntR a8PEdR! st hlelidkent invention
occurrence of irregular stop even when the i nput

is evploped the methwt ddtectthen estimates doad bptmednsref bloel avbrage
the twel fth aspect of the present invention is
cureandt oyldrefore aperation e eifdcs similagite sbosecofitheminth aspect
ol tage supplied to the inverter based upon the
canﬁ:@( zsa- val ue. Therefore, efficiency of the

WhER U 1fton, oL utodaoh PhecaRyae Taest of; ik npsent
e 3),1,.) < KL i | cant :

inveligh 3, FRpIORE chel BEHbA dedtbi i NBYE valfRed VaRe or
comPRERA VL IFEheTeettes! Thi aJonE:llcqblﬁ has evd?ifag‘e?@r lcﬁh%‘ﬂ% Nthe

aspect can be realized. Wen e notor contro

invapeababet upbntthe ddibdtienhlucaspekit tHe bR RARIYe value or
invention Is enployed, the apparatus detects the

comonapdi tvaleé todtheviaiveetear doesommiiesceal tiee giredéterimned tvevlue,
using the detection neans, and controls the voltage

whegy the consrartess istprovidedewhich baw eantnobihe dérege curtendrvoltage
whi\éﬁlliéJ (seuis)f))li(g % tItlehfnverter, and when the voltage or current applied to
the motor from the inverter is controlled so as to change motor output torque
for suppressing rotation speed variation of the motor which drives periodic
load.  Therefore, the direct current voltage of the inverter can be
determined to be a minimum voltage, and consequently the motor is
prevented from occurrence of irregular stop even when the input voltage is
lowered. |

When the motor control method of the twelfth aspect of the present invention
is employed, the method controls the direct current voltage supplied to the

inverter based upon the detection value. Therefore, efficiency of the

converter, inverter and motor can be improved, and affection due to the dead
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out put voltage value or command val ue of the inverter
PCTA®83 13007 (filedoe &dtobdnao, 2p933det er m ned val ue, when the
Inveytot: KAGEN@MNobekir ent applied to the nmotor from the
Appli¢apie Prikin Indystigsnktdol | ed so as to suppress rotation

speed variation of the notor which drives periodic

| oad. Therefore, the notor is prevented from

occurrence of irregular stop by weakening the torque

timeogdr Me péduedt 0 AlBs Spdratdin aRdOoéffédiesivtidn @96, thabél of the
the torque control can be carried out up to the limt

elewmthtespecivent be realézedahen the notor rotates at high
' speed. Wen the notor control apparatus of the
Whepuhecmotor eenfael appardfasmicthenthirieenshtdspact of the present

. enployed, the apparatus detects the output voltage
INveRleR 13 remEgﬂﬁgn ¢ Arparaius deteck Ehe outpyt vgltiage value or

confifth i il BF 255 s iibler” Rtie e AAHEeHER imhaom 4nsd GG i the
volﬁa%\@/ or%trpéé{t HUH39G e Rl 3)%152& u%%m‘%%dde\fgéﬁ'&l %144‘&5 that the
1 AvVe 0 e ~prede ue

rter es not excee term ned va

outpit PEIthEE vAINEhE BOmBNd FhliBa N bhe 1RKIrR A6ECRICBERed the
over suppression of rotation speed variation, when the

predefermgred ahiy, Wedn tleppbltese be cieniapplieflrtarthtBotor from
' inverter is controlled so as to change notor out put

the tiovepter fincontnopled sxi ag to clupipress seratidnvspdedt varatibntdfethe
notor, which drives periodic |oad. Therefore, the
motep vdich drpresnemiosiic }aagm occurrence of irregul ar stop
ntrol prior to,the

b ' the t
Thegé@a&?ﬁ% ogFort fo RFBTREE, _?r&_mj QRBITONGP fefe TGRS Stoin by
wRaf il Rl 5 i 2480 i e
/ 7. (£ T :
tord iR B R Ea il S Rio el ento! BT Wiln the
motbPeotESRt BWH Epledappar atus of the fifteenth aspect of

the present " invention is enployed, the apparatus

Whennthoeyiaotorecapead appaiatod of ke dutipieently dlspageol ghe!®rodent
the inverter or the command val ue as the detection

Inverdiare is eTidopdédyr the apparatiusndetactsetliec otitputivbiage oralue or
those of the thirteenth aspect_ or fourteenth aspect
comgnandyaluearf thedinvigter wsiagribecletedion sreatsp ang eontosls the

t he sixteent spect of _the present .
voltage or current o tha anerter based l313011 tﬂe detection value so that the

- output voltage value or command value of the inverter does not exceed the
predetermined value using the inverter control means, taking precedence
over suppression of rotation speed variation, when the voltage or current
applied to the motor from the inverter is controlled so as to change motor
output torqué for suppressing rotation speed variation of the motor which
drives periodic load.

Therefore, the motor 7 is prevented from occurrence of irregular stop by
weakening the torqlie control prior to the saturatioﬁ of the voltage, ‘and the
torque control can be carried out up to the limit of the inverter even when the

motor rotates at high speed.
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invention is enployed, the apparatus decreases the
PCTARRY/ 1 300 €iladfon Colebayu0,2003) t or que variation of the
Inverror: K TANGMNabEkit rol s t he vol tage or current of the
Appiigppte Ppigsin Iedysttigsaktdt he out put vol t age val ue or conmand

val ue of the inverter does not exceed the

predeterm ned val ue, using the inverter control neans,

when the voltage or current applied to the notor from
Whehethenveatbe reonsrol Cosparathe df sheafifteonth aRpectdf 6he present

out put torque for suppressing rotation speed
inventioatis emmbyed etheodmparatine brgrloye shp peak diatué ofithe output

Therefore, the notor is prevented from occurrence of
voltageerplng of $hggnygrtepmaiide sagnmaad: valyeeascthn detecpionovalue.

to,the saturation qf the voltage, an he .torque
ThergfiePopbeiiosh "o, Giiosh miog gotiopne i higjpenH aspect or

notor rotates at hi gh speed.

. h
fo%éﬁ 1% Sir%p%t%gp\%ég'f%]&gdappar atus of the seventeenth
Whaa P! nfdtod %Snﬂro?sa?)ﬁ%w%ful{r},\rlgﬁ{th%gi}%%gﬁ%la %’)?(gb} of Eg? r]I:)éresent

apparat us detects I'nve

 inveAHisRRd egﬁﬂ‘?ﬁd’ FRe HPASat 1A GoOAIdOlHR ARBLRAS 89PhObutput

current inverter based upon the curren

torqlet eatiationyaf the SAots, AR tontexlecttt W¥BRage Wi €Mirent of the
detection extent using the inverter control neans,

- invedien so ibat dhe aytpubrvoltage satueapptomdd and vhbienof the fmvemrter
the inverter is controlled so as to _suppress rotation
does et @xoead bhe predsterminadbvaluewtising the inserpr ¢adrel means,

| oad. Therefore, the notor is prevented fro ) )
wheh di BB IOR FIGHF ADRe, b6y the ganten fom ke dgmetier is
ral prior to the saturation of the voltage. en
confifibfi b o o ShePe miipt U P forls et Besi A Tatg i speed
ftidd6r ' ol ¥ ed, the apparatus
Ve getact a6t whIh A RdERA ), L) Sho3) 13017
Thelrbfor&d tRE BBER0ES phBverdd@3From m&gﬁ}ﬁnbe KT AEeuligP Bty by

Applicant: Daikin’lndustries, . using current
- weakehfieg ithe toRaiescondis]l prand totlse bdirdtiohagfahervdltigeeand the
of the inverter based upon the current detection
torquel asated cas heotarriedexdewdto the limitrofdhe ideextet pven when the
extent using _the inverter control neans, for driving
motpp gotates ab highhspeadie voltage or current applied to the
r fron1tg£ inverter is,,,controlled, so as, tg chan

WhiR ¢ i sonl ARB oS R R oA TRt 6f dee present
inve\éﬁﬂnatié %rﬁlﬁ%ya&etﬂgta%%a\f\@tiucsh dgtreic $3nk e({lirggxiltc 05':' Qcﬁg inverter
-using current detection means, and controls the voltage or current of the
inverter based upon the current detection value so as not to exceed the
current detection extent using the inverter control means, when the voltage
or current applied to the motor from the inverter is controlled so as to
suppress rotation speed variation of the motor which drives periodic load.
Therefore, the motor is prevented from occurrence of irregular stop by
weakening the torque control prior to the saturation of the voltage.

When the motor control apparatus of the eighteenth aspect of the present

invention is employed, the apparatus detects the current of the inverter
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Therefore, the notor is prevented from occurrence of
PCT/IPOE (R0 Affilaiton Oclayer 10v@ade@ni ng t he torque control prior
Invehior: KIPANOUNot exceedi ng the detection extent of the
Apptieant: Baikindstugdési lod. neans. Wien the notor control

apparatus of the nineteenth aspect of the present

invention is enployed, the apparatus decreases the

anpl i tude of the output torque variation of the
usiAPi@rre® N defelfibh MnSahfeaN@| oas1ethe Wdlelte & chint of the
inverter so as not to exceed the current detection
invexteeiasedi agork el ewechedetenivin eulueaosas Woe ot fitceed the
voltage or current applied to the notor fromthe
curfentedetection exiant oisingl the ingetter contpd medws, fontdriving the
torque for suppressing rotation speed variation_ of )
mofogewhgndheolaged sratepfeapplied to bhe motpe fromp the inverter is

r. is preyented fromoccurrence of irreqular stop
Congt??ﬁl%«%eggwaﬁor%apﬁ@ Ry GBURWHOTBHS S SHPIESTRG Tettiahepeed

' eed) he detection extent. gf the current
vargﬁe%fo&%%% ‘&%8; swh}f@le IY?igep%?%lf’qg%%ﬂol appar at us of
[ he. pre [ Avent | '

ThBRRL IR el Sy Ayt ke QY8R ARG stop by
wedd@neEE ithe tobrfe QUARYI peibr! &NthOlcubrtht! dReREARYz e detection

detecting the input current of the inverter as the
extentrofethe chetact dascti@answanand enpl oys nmeans for

controlling a voltage or current of the inverter so
Whenghet otqreetntvell appaitusof ithpuinetrenshtaspett ofiche present
.. inverter in negative side does not exceed_the
invention i pmpdered, she apparatuscdecigesasdhectmplibndabbhe output

det ection . accyracy,.of the current

torér’gﬁ SEHOLDN BE e harcre andy Ao SAltaeE (Facreah ofdhe
invedBr 2 ed n Qg é}%%ﬁlﬁﬁg %%'tr} or}to{l%tt 'Qﬁaﬁ?eéﬁﬁgﬂt&ggﬁfés le fiVerter

e decreased an e CoS
/. i e 3 .
confT BERL PR 8 REORRE el WMEPYRS he

Invéreas ¥ co@iroled decis a5 eHahye MAbto? Wtdut Qﬁrflér f@Nduppressing
detection extent. Also, operation and effect sinmlar

rotatinn spmd wiriatien of thdmosevwhidedtivet periodiztleads h
aspects can be realized. Wien the notor control
Theaploze.athe wbtarhiés reventefli from awpuctence ohixrrpgekenstop by

invention is enployed, the apparatus detects or -
weakeping the tosue Gantg!l PRI 9athe qurreat jexgeeringstheadetection

et 10 cu PR 35561 BluQ SPecd variation of the

. When the motor control apparatus of the twentieth aspect of the present

invention is employed, the apparatus employs means for indirectly detecting
the output current of the inverter by detecting the input current of the
inverter as the current detection means, and employs means for controlling a
voltage or current of the inverter so that the peak value of the input current
of the inverter in negative side does not exceed the predetermined value as
the inverter control means. Therefore, the detection accuracy of the current
sensor can be minimized, the detection accuracy can be improved, and the

capacity of the current sensor can be decreased and the cost of the current
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in correspondence with the |oad being smaller than the
PCTHIPEs E30€T (filsd @8 Oviabad €0, 2083 Ng t he i nverter control neans,
Invendoe KITANO,Nobildage or current applied to the notor from
Apptiteet: Daikiedddestri¢ssLtd.ont rol | ed so as to change notor

out put torque for suppressing rotation speed

variation of the notor which drives periodic |oad.

Therefore, stability and efficiency when the |load is
‘senkb®Ban RIS AT BY SthrroWied thE @uPRIR d&RBE6R extent.  Also,

apparatus of the twenty-second aspect of the present
- operatien tandreffe:t sivpilay ¢d thode ofppabAthis sergpteysthnmeanmdtesnth

detecting or estinmating |oad by neans of the average
aspechsroamt beaxealized! oad det ection neans. Therefore,

operation and effect simlar to those of the
Whepdheymptarstonzglcanparatus pé the swvertafirsihaspech of tbe airesent

oS b S 0 e
dethitap Pt R HBHEnET iR, TR ok iBihont S pgmotor
 in cﬁﬁleﬁggﬁdéﬁceq{v‘fth%(a 19%% ?)Q?rhéeg‘ﬁﬁ%ﬁ%? 'i:hé?ﬁ‘%ﬁ? gi‘@@&efﬁgn%dr value

: detection val ue so th out put vo ge valu
usie® (hR fevertdri@ndfoltBahd| Uehé gt hé Q@Ra?@br RueRAR dpiftied to the
predeterm ned val ue using the inverfer control rneans,
motol drom lthe dovertet & controlprdys dedo vhange srnorottpuil todque for
direct current voltage which is supplied to the _
suppressingrotatiod speed vahiatiol ofife motaruvhisht dupgs pedodio load.
the notor. fromthe . inverter so_as tq. change nptor
Thegptogen stabilfyandpitisinney sehem ghe lnagkisdighfgaadbe improved.
varj atiqn of t not or whigh drives periodic | qad.
Whiehe pastar om0 farirsaces,of Brh S ssbong senectiol b papsent
. 1 be d RIa ned .t o ] Nj ol t age, ~an .
1nvecxﬂz'§01P 18 8}%11%}}6%%12 Frl% oa&u%aggib@e&éalngf means 6fox' %etectmg or

consequen _ .
L T

* The@6fous, @Reetioh andr ek AimThe o ENGR BB tWalit FRYE aspect can
voltage is |l owered. Wien the notor control apparatus

be refilikdrk t wenty-fourth aspect of the present invention
is enployed, the apparatus further conprises direct
When the motoy eprtrgk apparatuls ofghsgwiemty ¢bindr adgechgf the present

., direct current_vqltage supplied to_ the inverter based
NV i% eTHUP¥Rd: ﬁwaap%@mh@témr the gptngy pligsevalpe or

com%?epx\écg Haﬁ.{? %@/ete J{ﬁvt%lt%e%glgsaiggtt%% (fe%gct?oen im arn%\,/ %%d g%rrll‘%rols the
voltage or current of the inverter based upon the detection value so that the.
~ output voltage value '01' command value of the inverter does not exceed the
predetermined value using the inverter control means, when the converter is
provided which can control a direct current voltage which is supplied to the
inverter, and when the voltage or current applied to the motor from the
inverter so vas to change motor output torque for suppressing rotation speed
- variation of the motor which drives periodic load.

Therefore, the direct current voltage of the inverter can be determined to be

a minimum voltage, and consequently the motor is prevented from
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time can be reduced. Al so, operation and effect
PCTalPO3/1 3017 (fitedioh 0seb@fl02b88) twenty-third aspect can be
Invenea K7D, N8buleéf Description of the Drawings Figure 1
Applisania Dhikin dddusitiggiitdm showi ng a notor control apparat us
of an enbodi nent according to the present invention;
Figures 2(A)-2(D) are diagranms each show ng a waveform
of each section; Figure 3 is a block diagram show ng

occfre@¥@ bPl19e Slilad sBOS b 1P 1el ¥etindt voRakL §Nlovdrglr e 4
~is a block diagram showi ng a notor control apparatus

Wheh thaahdtet cortdoddpperdtusafshditwgnty fouieh pispe&ndf the present
invention; Figure 5 is a block diagram showi ng a notor

invenfion ois apdopedisthé appganatwerfurthdrodompmiseac divedi roprrent
to the present invention; and Figure 6 is a_bl ock )

voligigggioniral Hagrpg for pentsellingnthe litgph anerens veltagersunpbied to
enbodj ment accor di o the present,jnvention, Best

the B fed Daserl Yoty (B IGREPR AR o T EYalpTea(iBFIonCY of the

I L dr awi_ngs xpl ai

confEHEE 1h08-0 phhSnBL RN (HAURAS S AXBLE e 0 e denc

timb &P Ve ALLREd! NALLS ?ﬁlﬁa@%ﬁsﬁﬂa effdBY S} té those of the
detail. Fig. 1 is a bl'ock diagram show ng a notor

tweR®Pthid Apeaf édr/be @baligkd. ebodi nent according to the
present invention. 17 PCT/JP03/13017 (filed on Cctober

10, 2003) Inventor: KITANO Nobuki Applicant: Daikin
Industries, Ltd._This notor control apparatus obtains .
Brief Descgintiouef et Dpawingssour ce by  appl ying an
. alternate current power, source 1 to a converter 2,
Figaymdi peris hlpgk dipgrameshowingce anteemonseleppratatie of an

emtipiRnE Aedrai e Y PR PRRDS moiinti@Bur ce i nt o an

_ . ( . for. 4.
Pigdicy I3 207 arf WG B R AR Bt BH 8o
" FigafHBCH LR HD&iQrgr%m RGwiddhha oRiRple ofilra! gg%tgmt ﬁgtection_

C
conpressor 6. A voltage and current” suppli
sectig;or 5 are detected using a voltage

Figure 4 is a block diagram showing a motor control apparatus of another
embodiment according to the present inventions;

- Figure 5 is a block diagram showing a motor control apparatus of a further
embodiment according to the present invention; and

Figure 6 is a block diagram showing a motor control apparatus of a further

embodiment according to the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, referring to the attached drawings, we explain embodiments of
a motor control method and apparatus thereof according to the present
invention, in detail.

Fig. 1 is a block diagram showing a motor control apparatus of an

embodiment according to the present invention.
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detector 1la and current detector 11b, and the
PCTHROH 20U (fildl oh Agwbari@l, 200M)rent are supplied to a
Invepos iKHTANO.dMbeidt | on section 12. An angul ar speed out put
ApplieayirDeiliindndysigiest idn det ection section 12 is supplied to
~adifferentiator 13 so as to output an angul ar
accel eration. A fundanental wave conponent extraction
section 14 extracts a fundanmental wave conponent of
Thishgcaog Woatrol agsdratad ichiaimnd diepl icegrddtepower source by
fundanent al wave conponent to an anplitude adjustnent
apputg am altbrnatesmirremcpovoer sente drto Bocaviettea@, sntdochens the
output_of the anplitude adjustnment section 15 from an
obtainada gérestir perent aPAvESIY . SOTHES UKiNgt Aasmioothings gpndenser 3,
current detection value, and the rotor position from
CONyRES ?W‘)&ﬁ"‘?}@e ditesh cygrantopoyer puree, o 8| glgerpating
current control section 17 s as, to,carry.out,the d
curit BRWEORIVEP B AR RVEE 2 3Rt g lighdh anverte
e : IS~ VO a8.; .
alt PR b bOR o WEHdCSHo 4 mdh o) AREDRS HIRES fives

condpi@s@yt@ut fromthe peak voltage control section 18 is
supplied to the anplitude adjustnent section 15 as an

A valpps tamnéweenteagplied ke themaoees® aré dedscto® sk @ voltage
| oad variation of about once or twice per 1 rotation.

detdibpdda eindvanirent detectorylitytamshthadeteeteahpbldyge and dureent
notor 5. The position detection section 12 cal cul ates

are Sunpligd; tnal pesakipn | datection seetdemtliZonAn anguilay spersegutput
of ,a rot.or usi netic flux,

from] O IBRB et SRS LIS s Rheikisa fifniater 15 so as
: i t d, L f 18 PCIL/ JP03/ 13017, (fil ed

to il M GAnglis) SCIGRtER T X TRREREROB AL aS | cilipgnent
" et 2y |

extigiEkeciitie biTpothia furldiiea bvate bifponent of the gngular
accél8ratfors Hfdb @hlids e RRAULAMtACHAVE BldpdRent Ban amplitude

fundanment al wave conponent extraction Section 14
adjestinarttspctiba 15, unylsukithationageio® TBEidItacts théeutput of the
angul ar accel eration. Therefore, an angul ar
- amplitoslecadjuistmentsectiomds famnmp averaguemogns aommand.haThis
of a notor_rotation speed is extracted and out put, as
subtigstignt yegulto currents dptaciiemvalue, vand the gptarepnsition from the

xtraction section_14 when,t | oad change qf the
posi%lon c?etectlon section TZ are suppllets1 %o a current co%tro? section 17 so as

to carry out the current control operation, and a voltage command is supplied
to the inverter 4. This voltage command is supplied to a peak voltage
control section 18, and the output from the peak voltage control section 18 is
supplied to the amplitude adjustment section 15 as an adjustment command.
The compressor 6 has periodic load variation of about once or twice per 1
rotation.

Motors of various configuration can be employed as the motor 5.

The position detection section 12 calculates a rotational position, and
rotational angular speed of a rotor ﬁsing the voltage, current, magnetic flux,

and equipment constants such as d-axis and q-axis inductances (Id, Lq) of
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conpressor 6 is once per 1 rotation of the notor.
PCTVIRD3/ 8301 adfiledrog Gcmber 18C0&d)er at i on vari ati on having a _
Invehtog FUBANG, Nohillde t 0o that of a notor rotation speed is
Appésent: Beikindndustdesolput as t he out put of the fundanental
' wave conponent extraction section 14 when the | oad
change of the conpressor 6 is twice per 1 rotation of
the notor. The anplitude adjustment section 15
theafiptorfj.es t he fundanental wave conponent of the
angul ar accel eration and outputs the anplification
The diffdrentiator 13iediffipentiades oy asgulaptspsed 80 a8 tdTalaulate the
gain is_determined to be infinite by typically
angiaegecplenagiothe anplitude of the fundamental wave

, corponent r the like. And, the gain is |owered by
The Mﬁ#@elﬁa PPBE eSHPRONQRC PHRAION sesHenardd extracts the
 funflaRfERa] §%e SRt of PRY Rl sorniet i g ede. an
' ’ ; |
angplly ACLIBHAEHE (EATWREChatlE £ BRaBCh BECROHR ot & motor

rotHeARPLed a8 b ABY Sadd ?u@ﬁ‘ﬂj &R oGRS the fundamental

: instriucting the anplitude = adj ustment section 15 to
wa sl QRhesEhdnite eftiactibideeoian 1dhewheak thol Ioade chRagsi bf Ythe
exceed the previously determ ned value which is
conperessari fets winch peredpectation tofiethrenmhotiom oWWhilé, wal nagalar
or maxi mum nodul atijon rate of the inverter )
accglepateon ivasiatipn haeime o drespiency dviae do shet of aampsgnizotation
smal | er than this previou

ich i lightl I :
spoghtie rRiHastedapad, OFgUle REntce PUtPHE A€ athe fundatental wave
coniRbR 5o AP sS4 130 1Bu i Bl Bo Bglsr o
. ' T Ki [ t: Daikin Industries,
tm{e{‘%&%%teag ?‘f#eg’eo[ﬁ?%%t | véf)ltoalggaCal ue IorI Col ?agz e

TheC QRERELA6A|dPuRindte sé YR (B #plifiBd (HePRhAGSmbAG] wave
adj ustnent command to the anplitude adjustnment section

combonbas efl thpanguha srbRehtion Mal vetfastthatanhplefieition result.
vol tage value or- voltage conmand value of the
In thevemptitude ddpstment eectien Iohea gaimdiestdetermared/td be infinite
: Referring to the waveform of each section illustrated -
by typiqaliysintegyting the ampliadent the fundantrntali maverconmpepent
A illusirates. an axial .torque of a 1-cyli.nder
or et Hiees J the gainplow e d: ieEIng CuBRACHISIBE sgh dhat a
a tor when he,not.or_is drjven wth .an gvel age
cong 8?‘8 u%roplgrgonﬁlz éz)ahilq 118 TSP Olﬁn&iﬁ? Jptegration value, for
example, in response to the supplying of the adjustment command.
The peak voltage control section 18 detects the peak voltage of the voltage
command, and outputs the adjustment command instructing the amplitude
adjustment section 15 to suppress the amplitude when the peak voltage
possibly exceed the previously determined value which is determined with
respect to the maximum output voltage or maximum modulation rate of the
inverter (specifically, when the peak voltage exceed a value which is slightly
smaller than this previously determined value, for example).

Instead the peak voltage control section 18, a device can be employed which
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acceleration of the notor, and Fig. 2(D) illustrates a
PCTHIFOD 1300 Litfidton Dotobaa €0, 206N t he control of Fig. 1 is
Inventar: KIFBAN@Mobukin t hese Figures, the horizontal axis
Applieypt: Bgikintislugiriesoittdt i on angl e (nmechani cal angle) of the

rotor. Description is nmade for a case where the gain

of the anplitude adjustnent section 15 is determ ned

to be infinite. Wien the notor is driven with the
deté(\!t@ [tRg %u&ﬁﬁﬂﬂ&t%@f/ﬂuet& G@%&gfédcdmﬁ%idqﬁalu@oﬁhe Hrter 4,

and 2(D)}, and en the axial torque of the conpressor
and supylésd the adjuatmehe cameragd td the aenplitidernmijasthent section

decel erated, on the contrary when the axial torque of
15 b dcgrr Hhesdeteros valleso therthetaitputvakjege valper vdage
notor, s accel erated. Consequentl t he angul ar
conypan akge ehthe mvegf@ﬁéwé@es(:m %xce@g thepredetennimadyalme.

RetiEabS L 55 BTk S oSSR SR A o)
e BESE ol  i TRGHEARH D8 ot »
1- c§lﬁ?de§~%tﬁgpr\é§édra¥‘i§ @(B?ﬂh?&rét%g %%QM @%%éd‘&f 4 Bfotor when

ut put notor 1 n reve ase Wt
the MB6RRGE d&'ﬁiehhmﬂhué\ﬁi @%mg?é td&@‘d@ Fxgnmaf Mugtratdshen angular
angul ar accel eration. Wien the anp ude sufficient
‘accéloratian ofIthagmbhaer, afdnBagre(D (st teo mpanaod oakptt eorque
speed variation is not obtained for the notor output
wher tlye epntrel of [Figt i ds edrtipdtdvs. disibesd Figuies, Fhg horizontal
2(D), the fundanental wave conponent of the anqgul ar
axiseRaPesnisiaiptation angly tmeghanicalcs l&a.f thepetorsj dieserintion

is Ty B Ao hetd i 88 BOKHO B LEBGE S8DmarERbgR 15 is
'detéﬁg@wto%&% Applicant: Dal kin Industries, Ltd. so
0 out pu t he

0 gr eater anplitude. Consequent I y,

WhéR Rﬁé ahforis CHiFsh wh 1@'@11@ aWbt am{ AP MBWER lines of

makes t he fundarrenta wave co one t o t he ‘angul ar

Figaoz(@)) emndt 2@}, tandd@hidn theeskinh eirguBfRRae8nrebdf is greater

out put torque and the phase of the angul ar
thancthelawerdgootorgne, Hd glotdryisshdcelerdtdd, @m drecantoshewhduehe

to sone delay, the fundanental wave conponent of the
axigdigud e obdheetompiteserr isssiiellecthan theaveragetterqesitheanotor

ue en the- co ressor axi al torque_and the
is agetgted Gk :

Frate seqgeytly, t @ngW@r aserlpratiorswall sehemgapigally be
in tfle Fornd' ) %lcfl? rév%%sé {]1'9 %rpTE arHch‘ down of the compression torque, and

the fundamental wave component of the angular acceleration will be in the
form illustrated in Fig. 2(C). Therefore, the fundamental wave component
 of the speed variation can be reduced by varying the output torque of the
motor in reversed phase with respect to the fundamental wave component of
the angular acceleration. When the amplitude sufficient for canceling the
fundamental wave component of the speed variation is not obtained for the
motor output torque, as illustrated by the dashed line in Fig. 2(D), the
fundamental wave component of the angular acceleration still remains.

Therefore, the adjustment is carried out in the amplitude adjustment section
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wave conponent. Therefore, the fundanmental wave
PCTEROPBOENfiled fon Oa@beran@odzar accel eration is control |l ed
Invehtor: BETANO,Nobelti| y. The fundanmental wave conponent of
Appliteet: Bpikiedndugiri¢salttion can be reduced wusing such

control, therefore vibration can effectively be

reduced. In the enbodi nent of Fig. 1, the fundanental

wave conponent is overlapped to the current command.
so 4d tb OWRPES ighbftel hhplib@dd. UnOanigluehtyayke aﬁ)?ﬁp@ﬁi@nbedomes

directly overl apped to the voltage command for the
stablentithl the ranphpudwwhich sratkes ahé fohdabensalswatd eompbghit of

shifting and the |li ke can be ignored by the feedback
thecogulat aceeldrativnstorieh®@d above. It is of course

effective that the fundanmental wave conpagnent |

Evegy é‘fi}e&]pﬁlé%l phgse e ther quEPutchirain pudihe rfehaessn@ﬁ' ?he angular
ccolfEha 41 SRFENE SHRTET o oA SR, oGRS E et ho
funfipEnPACw R0 UiuBbBE o8 the RRERNICAARIOHALDE i HUGRTEA dle 1o

the CRIAE 1 i i i t

the ARG EARUBCLE e By BnfitERRN 20M QAP qnd the motor
" outPhiE tdeia@en ah A WRet dtmtPslsk  catbied FutCRIRAASSIRhg tB8Fuhfifmental
i ke are to be driven, sufficient vibration

wawugprmpesient. efffleetfors, thet Aintkandxytad mivpve heompohumiti ofi the
of the fundanental wave conponent. In the above
angydacadopldrationdnconinohddrie bed), fimally. conponent is the
t%rget of .the control. But, it is apparent that the
The, fapdamental wave rcomponesd rf. Bredspeedhvaziagiaaean be reduced
.accel.eration gconponent is extragted i.n.addijiog to the
usingy Sucponsal BerEoRe VibEafion Cen ChpeRvaly booeed.
v . , st.Ii
In HE BN Blimeb e, LB ShndBeh P A P B edgh it 0 et fbped

to B8 rdedePUicobhaganceld R pddithib ObiMte thal kdhdPlentdl wave

thi s case, disadvantages arises in that the control

comPRaent s crgdtlyc avetlappedl th e Vblga@oe6ithhhd YoPfthe control
ivergence is raised, while the vibration suppression

~ havidng niot gurirenth ednivopr bacadiss cheudipht Téteifiehgramd ithe ilgke can be
. reaui red that the higher-order conponent is sel ected '
ignayiilc hy stheuifepdbackheontabl ast ist desarileed: athovel Bhtgedofupowrse
the trade-off wth the required specificatio I.n the
effogitp hak He &ntﬁlgﬁn&aﬁ WHES GaPROBENY rseo‘é%gw&qrﬁj@ the torque
adj ust.nent secti.qn 15 an be | owered,b he .
comRiL i DB Re e e peryBrndgh thefpiesior thereof
When using this control, the control delay and the like are hardly affected
because only the fundamental wave component is reduced. Therefore, more
- stable control can be realized in comparison to the repetition control (i ¥ i
L#1#) and the like which are known from the past. When a compressor
and the like are to be driven, sufficient vibration suppression effect is
- obtained by only the reduction of the fundamental wave component.
In the above description, only fundamental wave component is the target of

the control. But, it is apparent that the higher-order such as second-order

of angular acceleration component is extracted in addition to the
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section 18 so that the fundanental wave conponent of
PCTVIRO3/830¢T(fAed on&eddirda0,200)Nn does not becone 0, but the
Invenot: R TANONeld vari ati on can be suppressed within the
Appligint: Bgikindudstiibl Btdt 0 be out put fromthe inverter 4.
Therefore, the notor 5 can be driven w thout the
generation of the disadvantage such that the voltage
command exceeds the maxi mum out put voltage or nmaxi mum
fundBeidnhl @mvedédinPéndriie andved Eonte6l idBhrdidte oGP ToF Chnceling
diverges. Fig. 3 is a block diagramillustrating an
theetoagqué asiatione (asihis omse]elienivaotagseatisenin Thet the control
position detection section conprises a first
becomesaromplicased t awh that thavpossibldyeif divergemcdds eaisedn while
vo| tages for three-phases and converts them into o
the\jgbrafdens spppresgiHAbdEY 1s not dmpraved no entelon Thenefers, it is
the detectjon curre

i ch [ I
reqifipdotha e BEhe e lon COBRORERY o seldcksd Svhieh rsgould b the
. | i i 123 .
obieet b AT ity d WeR B W Bl Bl o R8T ebecnegion.
In o dinbidislert UHiFIBC1, (8 36 of fHo AihlliRide AMfBLAGHY dtion 15

cant M@ 1ph&@sdsby 3he ddiue@héit &mARGId ABml ZBe fRAK voltage control
integrating the subtraction result by theé first

sectiomt 18cko othate che ofuriBdnentdl| wavealcomipaphneat staheoangular
126 for calculating flux due to g-axis inductance Lq,

accelesatdom dlosgbnetabecane shcbitbihe 2tationsspsedavariintionhean be
cal cul.ated . flux fromthe inte%ration result, a rotor

suppERsserloWiidan cibearoliree pessivbntate peipwalom dhengverer 4.
ThesglR o088 1 e (5P B, St St S B ) e engBRmopf the
. i i : i ki | j Ltd. th

diselvnitiee BAOH tha DR v6RALe ORI LROUSH Eomaklfiunt Bftout

voltag6!ds0 Bnaljﬁﬁ:lufzﬁrmoﬁhfaftﬁfr? Rhiabk %3t ﬁﬁfe%grp%o RAat ttheNeciRrol

as to calculate the angul ar spee A position
divelgbecti on section having other configuration can be
enployed. Fig. 4 is a block diagramillustrating a
Figndtisra btovkr diagapmailhtstizatifig amoétwnple obohié pesition detection
according to the present invention. This notor control
sectypypar Bhe poditidredetertiom sehdomepmprisesta Sirstappareasion sgiction
Fig., 1 anly in_that a current detection section 1lc
12 1f%€l°9éf€%%lf?%5hq ﬂ%tepﬁié}%mftag% r tiéeé'ph@sewed genverts them
into: nggl:a%/e%dfolr rt]\‘?’v%?paﬁjastegea %gcgorn (t:on%%trse,‘i%hl s%gtigﬁcltﬁovrs}h}cjhbfeceives
the detection currents for three-phases and converts them into currents for
two-phases, a voltage drop calculation section 123 for calculating a voltage
drop due to winding resistance R, a first subtraction section 124 for
subtracting the calculated voltage drop. from the voltages for two-phases, an
integration section 125 for integrating the subtraction result by the first
subtraction section 124, a flux calculation section 126 for calculating flux due
“to g-axis inductance Lq, a second subtraction section 127 for subtracting the
calculated flux from the integration result, a rotor position calculation

section 128 for calculating the rotor position from the subtraction result by
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that a mnus current control section 19 for receiving
PCTVIR@3/130pTtfileclon Oetober 36, 20089 | nverter 4 and for '
Invegen&IBANOQNoblle adj ust mrent command, and for supplying
- Appliteat: Bdikindundwesri¢s, ldnmand to the anplitude adjustnent -
section 15, is enployed instead the peak voltage
control section 18. The input current of the inverter
4 alnost flows in the solid line arrow direction
thel bdcoatlr adlettattiornr| @ctidn (P2 YSasdrd eliffefdmyition RUEtide129 for
current may flow in the dashed line arrow direction
diff(am’nﬁin;ting thenotok lpositjonveas thealpalute the angotarodpeele
nmotor 5 is lower, or when the torque variation anmount
A pesitioncdetagiion section hrvimgertherhenigerasion ¢an be employed.

det ect ctio c should be detectable not o
Figy dds b@)f«kﬁ mbﬁklusalr%m Rem@torueontitel apparaiine ﬁ?tamther
exi.ent lus . current and the detection

em it A Sihi R bo 15 pBereht S SRR o nog (o b
This ibtodco {5&09 ﬁg%ﬁ]ﬂglg %ng%ﬁasnﬁ??%%%%b% c%ﬁtcr%'f E\Pﬁ 8%&&%%%%‘@

current e necessit

1 oSt RCHHAN SR D tecPRANERSIONOI 13 or @étécﬁiﬂé‘ﬂlet ﬁip%tldﬁtfiaent
consi deration, the detection extent can

of tharinoy&er Si.OlstdiﬁplotyB& ifletead! {lRNC18G 61t d@técﬁléﬁ slé@tl_on 11b, and
i nproved, by nmaking the detection extent for m nus

that armemis aarenieontrbbsectioa He{eatecaving hempuitourpénisof the

current. Wien the torque variation anount is greater,
invemer 4 apd tfor gen@fﬁtl%t & rdiustmentecosemand, exdefor sunplying
Us current so gh%dlsa vant age, ari ses in that a,

thesﬁ IRstmsRt mmsmgl% itHele cadivstment spction: df, 1

emifef BRERY the bERRTRIs 80 BebbSLaS I 19° T od on

: I
g e 4L R OO O 9
dlreﬁ:'i:i%&’l' ARG trdtBe iATFIES 4 GHIULAlrr¥at A8wa), BltetHReAk reNEWUE flow

he minus current I's detected at the m nus curr erit

in t&xendasiieds Hebi &towddireatish dntiaiBesidré 0 flswRp s fbe thtver
anplitude is output to the anplitude adjustnent

~ facteeofitba mbtoaxh@ns tomeniorushenrthentorgaé varmtidrhenpeait of the
val ue of the mnus current seens to exceed the val ue
motﬁreﬁ/mggeagteﬂet’%hweﬁ@@, the gureesiedatection shetionliderghould be

dotdyERElS Y Ortha D aRS PHFIRCaRt 50 Hf O RRE e x AUBAS the
dot B4R %’%s“’g PPy b R eftinel e FER0 S By Cerens
are d8P&mined to be similar to one another, the detection extent for minus
~ current becomes wider than the necessity so that the detection accuracy
becomes worse. By taking this into consideration, the detection extent can
be made to be narrower so that the detection accuracy can be improved, by
making the detection extent for minus current narrower than the detection
extent for plus current. When the torque variation amount is greater, the
input current deviates the detection extent for minus current so that a
disadvantage arises in that a situation where the input current cannot be

detected, the control diverges, and the motor 5 stops. Accordingly, a minus
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recei pt of this command, the anplitude adjustnent
PCTER0Y/i W7 (fedoaOciobs 10,2003)pr ocessing for | owering the
Invegtar: KIBANG@,Nobwking a constant proportional value from
~ Applitrat: DaikindndastiienLtdal ue or the like, the anplitude
adj ust nent section 15 having realized the gain of
infinity using integration or the |like so as to nmake
. the fundanental wave conponent of the angul ar
curb@ietaitasl eetiva 1®idprdHdedf tHeemihie chivadnBihaloriéepeak
conmponent of the angul ar accel eration does not becone
valQe ofithe niihes cotrant tndsipetd atrhcahimms carehtcontppl exsiod 19,
Wi thin the extent where the current can be detected,
and e eommandefonguppressing theeamplivede anoutpiet twtheramplitude
det ecti on accuracy cgn be i1 nproved withou]t1 di ver encF
BIReRE SeSHORG When d8e mpnus uresnt wlye aF ithe peak value of the
.current detectjon extent so as t.o result the tor to
minfly QEERREEeT i Ore s e alun PrevioRly desermumgdjmid segpect
. : : {or
to tp BB AR oxet Gl WHA e o QRRAE PHR o
the ipRURRAQH of THY SiARY ChreaR bkle RRPRS IR Ushich id 'si'?ﬁﬂ?rgmaller
romthe notor control apparatus of Fig. 1 only in
in dbkalute halwetlaniid peeiaaly detergdiabd 9aldS fhscpmpldd Upon
and a load torque estimtion section 20 is provided.
recélipt of thixd commoprel, etdtel antplitnds ealjustmeft samtiindsd ddreies out
average current command, for exanple, and estimates
‘proggssingind loweying thehgaimo by remoyirg aconistant propsetiphahvalue
20.supplies. a cqnmand_to.t he_anplifude adjustnent
frord thg1BFearstionneal e preing ik theaimpliteds Adiustmgat section 15
anpl i tiud 0 be 0..in .24 PCT/JP03/ 13017 (fi.l.ed on
haviR pelited the g3n of infRiy psmedpioiationgt e P gafg make
__ b . . ti q
the Fh it Beb Bl (W44 Smppiths (ERUBRIM B 0RBN LIRE” |

Theréfo?é, ERYTRAIRRRMEN % dveabohpBnéPRdr tARINRghBir acceleration
estimated froma value other than the average current

does atEistomen Or e BuoN$ke trotitien rspeed Piar@dtiéhichnC baTRPressed
the anplitude adjustnent section 15 carries out

withimothesssitagt fveré che cinmpritivands detbytede sovhaptle motor 5 can
constant proportional value fromthe integration value
be drivenpeand the, curent adgtiectioneacouiraet ramt beetmproveds without

~,.__having alized the gai,n of infinity using .
divergenes of ﬁ&hcwr%au? TR dhe suazentdempng bt amaane dgtaction
extolt 60 a{:sot%pr%gﬁﬂtth%fmgpo% to be stopped which is generated in the past.

adj

Fig. 5 is a block diagram illustrating a motor control apparatus of a further
embodiment according to the present invention.

This motor control apparatus is different from the motor control apparatus of _
Fig. 1 only in that the peak voltage control section 18 is omitted and a load
torque estimation section 20 is provided.

This load torque estimation section 20 receives the average current
command, for example, and estimates the load torque. The load torque
estimation section 20 supplies a command to the amplitude adjustment'

section 15, the command instructing to make the amplitude to be 0, in
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angul ar acceleration to be 0. Therefore, the
PCTV RO B30t T({fiddd on@ebardd2008nt of the angul ar accel eration
Invedioe KITTYOYO.0wbadie 0. But, no problem arise for vibration
Apphieadt: Dhikindddustdéselddy is i nproved because the load is
“ light. Especially, for a case where the speed is | ow,
the affection is nade due to the dead tine, the
. current control, sensor-less position detection and
respbigsd thet HIRCOSEMUBG] @M(ﬁevmm&esrhﬁﬂﬁﬂ €haMa paddedBrrhned
greater. But, the stability of the current control,
valaenshrislof ssursequissibde thiet fet load tergud tseedtithatecafitolnea value
i mproved by determ ning the output of the anplitude
othgrithan theaverageicawras commwend. Fig. 6 is a bl ock

i FoAERRF et o B o BSeRide Tafmens
i.nve {)i on.. This, notor contg ol gpgar att S iS. di fferent.
seclipt 15 | @HisP P dPPASIE JOT JOYETBIE thR AR Y FmPOVipe a
confRSRA AT YRR 9B 00h Sho SHAEYch YRR B O ke, she

amBSHRRINA s CARAL REBlor 15! RA¥ing HalBEl thdl s8Rl of WPiBIRsing
detection section 11d for defecting the voltage of "t he

. intefiratioh o2the dile scs@ctd MAkefthe FandamentE) wivé Sotmpbhset of the

provi ded, and that a direct current voltage control
angsdan aaeleration tolre Bier provi ded which receives the

out put of the peak voltage control section 18 and_ the
Thegafoper the fundamendsl wawe epmponentigé théerngulagnacceleration

section 11d a outputs.a control command for the, . .
doeg g bpewne % rﬁ%ﬁmw leani3gefan vl @tmpqiwié‘a? efficipncy is
.osimlar to the . .enbodj. t of Fi 25 PCTLJPO3/ 13017, .
* impEplhd BoerRatREIRRT ol iEBb0PeRisin ity & cRermkiere Rup dRyed is

i L 1. Ki naust [ i . p

low,’ﬁﬁﬁle &ﬁ%@tmrp‘% hﬂldg A8 Ec{) g,gmt'eegl%%g }t’]%ge’pea cﬁ}f%ﬁg%oﬁzrol,

e voltage conmand i's de age

senS@es bosiefonl @dtedBon 2 {HACI RO BEEHIHe hiAgtAME WREh tRhE torque

anpl i tude adjustnent section 15 to suppress the
vargitin idgecatben BOE tleaktabilitynge the @oremt tontrok CaBor-less
the val ue previously determned with respect to the
position detecon poid thedikacen be improvedbywetd ramining the eutgut of
the inverter which is determ ned based upon the

the gnprlitude adiustanend] gegbion 19pknbe Beei pt of this command,
F' t‘?e jgglitude adj.ust nent section 15 carries out
ig P &t 8

%d;etﬁrap:b WStERING @ BRLGT cqupre rﬁ@u%of a further
emiGEBLAPRLARY td B0brBhH SOt e 1 ntegrati on val ue

This motor control apparatus is different from the motor control apparatus of
Fig. 1 in that a converter (voltage boost circuitry) 7 is provi&ed between the
rectification circuitry 2 and the smoothing condenser 3, that a direct current
voltage detection section 11d for detecting the voltage of the direct current
section of the inverter 4 is further provided, and that a direct current voltage
control section 21 is further provided which receives the output of the peak
voltage control section 18 and the output of the direct current voltage

detection section 11d and outputs a control command for the converter 7.

‘When this embodiment is employed, as is similar to the embodiment of Fig. 1,
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i ke, the anplitude adjustnent section 15 having
PCTVIRad/1 20et(fildden Qatfober 06, 2008)i nity (?) using integration
Inveator: KERANO,R®beld as to make the fundanental wave
ApptanpDaikintindoétri¢shigdangul ar accel eration to be O.

Therefore, the fundanental wave conponent of the

angul ar accel eration does not becone 0. But, the

rotati on speed variation can be suppressed wthin the
theepdANvoRhgb N thel Ve168xe/VBb16Mn HAD 19 VebsttPd thyf EREMpehR voltage

-inverter, so that the notor 5 can be driven and the

contral rseettion dife einidotheacuenimaeyl edrinting tipy ayaditwide keljistment

di vergence of the control due to the exceeding of the
sectjon t Hydo comruaass cherampbitudexivhan dbe ppraky obltage isrgoing to

maxi mum _ nodul ation rate of the inverter which is
excopthehavalye Rref’%PélSEéé@t.erE\}@ﬁd Wit respectte tea magipam output

B IR P e T -
tro e _ . .

b OB PG A, A S,

ampPiQRleSBusiien: é&%g‘ﬁ' I§E&rr§é§61ﬁ%ro\é@é5§1ﬁ? ?oﬂ%@verin% %hee gain

sufficiently rai sed, and under ‘a con I on that
by ®MGVifk o esReasEpAdpdrtiend]l vEkie b €HY irkOgatn Vflue or the
‘ slow so that the direct current voltage is short
liket ehpanglitude adjestodmirsebtionl’ hevidgireslized theogdin of infinity
problenms. Therefore, the direct current voltage can
(?) using yntagrationeenithedlibased aspom makeothe ffandamsntalc wave
as Vi br?tion, ef ficiency which are the target of the
comperenb Pt the,angelar arragratéen Fobean be carried out. At

h I I [ / .
Y EEIN St Mot S
aood 58 ! 1, LROUBALNEE kb AR RSRERE suppresd

wit KRN dxfft off HeSTAGadd & HHER @6h K bhfNlt M8k BB ihverter, so
supplied to the direct current control section 21

thatVbes ridRrEakn i Haifeni snd)6he GuirfertX861Retion \kclifacy can be
previously determned with respect to the maxi mum :

impoortqilitwithbtia gévargenexiofiume omorbhiduents dhe efcetlimg of the
inverter 4, while the command for |owering the direct

voltgge r sammand ageenhthe t hapeany outpge veltage goi mpximum

ceed a val ye . previous]y. .deternined th respect to
mo‘f‘ﬁé“ﬁﬁ%ﬁﬁ%ﬁ*@tﬁ %\YﬁrWIWu]&’ﬁé 18 Senﬁ%@PgﬂﬁmﬁWBt ion rate
-Eve%fwfxelgr? the \élerretcg (rzuf‘i"em%J ch?f%aée? &?lllt%llgtfi bty'l%e BrERE r(‘:%i'rent voltage

control section 21 is lower than a voltage required for sufficiently

suppressing the rotation speed variation, the motor 5 can be driven without
problems. When the direct current voltage can sufficiently raised, and
under a condition that the control responsge of the direct current control is
slow so that the direct current voltage is short temporarily, the motor 5 can
be driven without problems. Therefore, the direct current voltage can freely
be determined baséd upon various factors such as vibration, efficiency which
are the target of the control.

- The following control can be carried out. At the peak voltage control section
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the direct current voltage is controlled at the direct

PCTER03/6301 7 (fitddtoa (etoban 19,12003) section 21 so as to | ower the

Invedior: E(TAN@MNobuii vol'tage to proximate of the limt,

Applient Pailieddustrieshigd.r ot at i on speed variation can greatly
suppressed. In this case, the converter efficiency
can be inproved by |owering the boosting ratio as |ow
as possible. The efficiency of the inverter 4, and

18, thegesk ¢albadeof therelade koantaad ibaledbdted! tlidibs@iand for
voltage is low. Affection of the dead tinme to the

raigagsthe- {iwsst pasent ooltdet dst supplmddic the elitect @uirrait cartrol
be decreased because the pulse width of the inverter

secgan Hb wher thedpeak meltagef1st Beingrbodixeeet @1 ivglue previously
descri bed as being i npl emented by hardwar It is of

deterpingd S5LR; 1sReehip titeyoum pﬁfpwﬁf@ae bgf maximum
mod ki fite Bf FT IV ot WG R BB 1OBeT e the direct
curt i FoTBE ikt Y Feakr s AT 131 ebipf (P bfleed,p value
pre®oRkly Het@rRine@WAth (RLpEEOR &hel WY SHEAIM (ShtpiR 98lthSe or
suppress rotation speed variation of the notor (5)

- maiith e @oduRgidrefdte dfche eaterty 4. t Uoreidaeiht @FRRE icinifand,
the steps of. detecting an output voltage val ue or

the cirevd rairveitueoltd get isecanivalledent 49 divaed cucnttrwdltdgegeantrol
vol tage or current of the inverter (4%§J| based upon the

sectden @dtgoors to/lomies the direat cumeeniurqltage. sl progémate obthe limit,

val ue of the inverter (4) doefy not exceed

commng' 1a .

CcongRaeRt ey Eh‘enéﬁta\%ﬂnu%l?eeﬂ VW@HPBW%E%’% supprsgsedy In this

cas® Yol Bub il Bt Sob 806 be ARiPrGUed BRIowElpk YR helpting ratio
_ . . 4 utpt

o 37 R e LT SR RS0 b

impFBY &P BetARY 115 Qb @uSic@RSvfagedR! R | NUFER R bPYhe dead

vol tage val ue or command val ue of the inverter (4),
timantb thenkenddrilags dpositibmgdetetiotr aadt cofrehbecdntyel t@h be
(4) based upon the detection value so that the output
decreaise d dpecanadetheqpulse midtil of theimvettertoan b araderwidey.

does not exceed a predeterm ned val ue, takin
Eachy efceheeprmbodimentsuispdesstibsd apbeing mzplﬂmcsmégcby hardware.
Tt is of éo%g'lseogbssible that they can be implemented by software.
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3. Anotor control nmethod as set forth in claiml or
PCTEIPAY/MA027 (fidden Ocwbdriie, 200t ecti on val ue i s a peak val ue
Invegfor: KHEANQtNpbtkivol t age val ue of the inverter or the
ApplieaiyBallinyedustdes, 4d. A not or control nethod for

controlling a voltage or current applied to a notor

(5 froman inverter (4) for varying notor out put

torgue so as to suppress rotation speed variation of

Whialhds Ma@nied B5: which drives periodic load (6), the
' nmet hod conprising the steps of. decreasing an

anplitude of an output torque variation of the notor

(5), and controlling a voltage or current of the _

1. iswegtoscopirp! seethpdtfor gentrolling avisiltaggeorog@irrent applied to a

%%@3/ 13017 (fiI@S on Cctober 10, 2003) Ingent,or;
mo FONRGHLKRVEARH 142 9t 28 B SRPRrasidigbd i speed yariation of

T

oft Method for controlling a voltage or current applied to
a notor (5 froman inverter (4) so as to suppress
det&tcd 27 oBRARIVIIB 4108 RfcordPEndVhBe 658haRivebter (4), and
drives periodic |oad (6), the nethod conprising the
cositrelling®h volleige Wiri digrentcoll theninveftel {8) bausY tpon ¢He detection
using current detection neans, and controlling a
valye ke dhat the outpurvoltdge velvierorecanemapd)vdlas ed thpdnvetter (4)
current detection value so as not to exceed the
doeg gpt execeded predaderminashvalug. A notor control net hod

2. oo sySiphAeiof Mot AeRroling oolage et babplied to a
. fati d
mof, B ol SHPRErRE P 108 VRIS mPtef et hull Bifie wags to
L) 3 1 f. -
cupffles KPR Y COTRLER bR BPaRich HFABE KPR oad
(6),ﬁﬁ@%&tﬁé&%mﬁrﬁin?&h&%ﬁ@é&’fe nmotor (5), and

controlling a voltage or current of the inverter (4)
detsesieg ap oatgutevoitageentlue deicommond valuscofsthedavesior (4), and

exceed the current detection extent, for driving the
comtwoBing & voltage Ar marvmtorfithedhverteh é4) hawedoawan ché datpction

voltaﬁ]e or current _applied to a )
value so that the output voltage value or command value of the inverter (4

does not exceed a predetermined value, taking precedence over suppression

of rotation speed variation.

- 3. A motor control method as set forth in claim 1 or claim 2, wherein the
detection value is a peak value of the output voltage value of the inverter or
the command value.

4. A motor control method for controlling a voltage or current applied to a
motor (5) from an inverter (4) for varying motor output torque so as to

-suppress rotation speed variation of the motor (5) which drives periodic load
(6), the method comprising the steps of:

decreasing an amplitude of an butput torque variation of the motor (5), and

controlling a voltage or current of the inverter (4) so that the output voltage
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notor (5) froman inverter (4) for varying notor
PCTHRO3ILAO1T Gited we Osobard0,12003) suppr ess rotati on speed
Inveptar: KATANM Nobukihe not or (5) which drives periodic |oad
Appligint: Daikis IndusttiesdLtdonpri si ng the steps of.' decreasing

an anplitude of an output torque variation of the

nmotor (5), and controlling a voltage or current of

the inverter (4) so as not to exceed the current
valdebecomanawd vahie oBthefinveier (dbdbsphotekdeed aprakitermined
- forth in one of clainms 5-7, wherein the out put
valgerrent of the inverter (4) is indirectly detected by

detecting an_input current_of the inverter (42 usi n
5. thancior centrolmetbor dar gerfrelling 8)voltage qocurrent applied to a

PCT/ JP03/ 13017 (fil on Cctober 10, 2003) |Inyentor:
mo‘i@lr{ﬁ ,OWHPVQ&E% {E‘Saqﬁta}s B SRPRIress dgatipn spegd yariation of

wher ei.m t he ,vgol.t age or .curr the.inverter .(4),i5s
theREFR) S B8P BeRa oad "0, Phe mitepl Sominin bhe Steps
of: current of the inverter (4) in negative side does not
. exceed the predeterm ned value. 9. A notor control

det@iHR0a bafrea® ][a,'f ERS gt (49 |u*sﬁ%§<):1?x;reﬁ’s' HEESRtioRRAbARS 41

a notor (5) froman inverter or varying notor

conttbllifig horoitiggeser asrreat of theriasertePi4) basedsaped the current
variation of the notor (5) which drives periodic |oad

det¢aion valuemotdsonbictorgricesd bl timerent dptectfondettent.i ng or
estimating | pad, and not suppressing rotation speed
6. vamoter spntapl methadder comyoilmga vokigige myerirsentpppliedhéo a

. Ioa%b ing smaller tf] n,a predeterm ned value. 10. A
motef; ) LM ABI LHSEHEd fofoze anying AuptercouintotorgHe s s to

sl B3B8 rpfEd S5t ar SR R YRR pRBocic load

(e),%@?&#&hba%gma)r?‘lélbggrﬂg(s%pﬁfre”t applied to a notor

roman rnver for varying notor output

detcRtidigea 2ArANti ¢ thelipeses (4P i uSRaE deYettiot RaNnef(11c)
the notor (5) which drives periodic load (6), wherein

for drienipvee ®tdr7/5)j sndr ovi ded which can control a direct
current voltage supplied to the inverter (4), the

compHbng & orobtaigei ogcutvent pé phe afivertet &4t baspdanpowthetcurrent
vo] tage val ue or command val ue of the inverter (4)

 deteghign valuerss 25 ngt thexcend thecwirent detsntior extieat, f%r’driving
the in:rlm:g{‘ 5r (4) based upon the
7. A motor control method for controlling a voltage or current applied to a
motor (5) from an inverter (4) for varying motor output torque so as to
suppress rotation speed variation of the motor (5) which drives periodic load
(6), the method comprising the steps of: |
decreasing an amplitude of an output torque variation of the motor (5), and
controlling a voltage or current of the inverter (4) so as not to exceed the
-current detection extent.
8. A motor control method as set forth in one of claims 5-7, wherein the

output current of the inverter (4) is indirectly detected by detecting an input

current of the inverter (4) using the current detection means (11c), and
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detection value so that the output voltage val ue or
PCT®0G 3947 (fdddwe OCofobdr i@, 200 verter (4) does not exceed the
Inveptop &TANGiNbukival ue. 12. A notor control nethod as set
Appliesnt: Paikin ledusifiep, itd., wherein the direct current voltage

supplied to the inverter (4) is controlled based upon -

~the detection value. 13. A notor control apparatus

for controlling a voltage or current applied to a

wheRin rthe S)olfagenvi buirene rdf ahe(vesterad) i cotpiledsso that the
rotation speed variation of the notor (5) which

peadir valee gfetheanipot lcomeknt 6)f, theHavartiear(d} irs negafive sidegdoes not
detection neans (18) for detecting an output voltage

excoed tlee prededermingdavaoePCT/ JP03/ 13017 (filed on Cctober

2003) | TANO, ..Nobuki ~Applicant: Daikj.n

10, | ) .
9. ;fgafegtpr chutrof waetbod e coptroRing Aokt Q4FUrIERY appliedtoa
smolgh B S 98 ot b GO bl Rtk 95 o
surf 0L Boh e kit AR ML ) SO RRARE MRyt oad

(6), *he 4REH0A dokbMdingdhe stéps ¥: MOt Or control apparatus
for controlli'ng a voltadge or current applied to a

detaiting ¢ibgstimatingloadveid er (4) for varying notor
output torque so as to suppress rotation speed

noy anppréssmpfotatienrapreed vigSiatwini chthir inoéer (F8rin edirespoadence
§16L t he apparatus conprising: detection nmeans (18)

with dhe dead bemgrmallouthan a veedeigaminedsalie. comand

20 5k SRR oS B 5SS DR D i
el Sy BB B0, L
11. It %ﬂoﬁ:@f edittro %ﬁl&i‘)f‘or%ﬁ@ﬁﬂiiﬁggﬂ?ﬂ%g & aﬁgeﬁfllaggleigd to a

I Nng precedence over suppression of rotation s

mot6@l (5t frOfh ahSinvertEt Q) RPWAinARRBEA! betpt Rbubodd Bs to
in claim13 or claim14, wherein the detection val ue

suppsess eation aboed ohriabienwftthetmutirt(@Yerhich deivet pebdic load
inverter or the conmmand value. 16. A notor control ‘
(6), aphretrean o5 couverton{® ds| proyideds sitiely eaor contiralenditeep cugrent
volttage supplied to the inverter (4), the method comprising the steps of:
detecting an output voltage value or command value of the inverter (4), and
controlling the voltage or current of the inverter (4) based upon the
detection value so that the output voltage value or command value of the
inverter (4) does not exceed the predetermined value.
12. A motor control method as set forth in claim 11, wherein the direct
current voltage supplied to the inverter (4) is controlled based upon the
detection value.
13. A motor control apparatus for controlling a voltage or current applied to
a motor (5) from an inverter (4) so as to suppress rotation speed variation of

the motor (5) which drives periodic load (6), the apparatus comprising:

- detection means (18) for detecting an output voltage value or command
g.
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a notor (5) froman inverter (4) for varying notor
PCTOO1A01T (iled we Osobea 30,12003) Ssuppr ess rot ati on speed
Inventr: KATANM, Ngbukihe notor (5) which drives periodic | oad
App{igint: Deikis Iedugidgsalitds conpri si ng: neans for decreasing an
anpl i tude of an output torque variation of the notor
(5), and inverter control neans (15) for controlling a
vol tage or current of the inverter (4) so that the

valadbptliec itblertge4yadrite or command val ue of the inverter
(4) does not exceed a predeterm ned value. 17. A notor

1nmmtter aontymbamasns §16) foontontrdlling a vatdgeger ocurcent et the
a nmotor (5) froman inverter (4) so as to

d t
| ngttsp @sbasedt wp oo hhe detegtipnr value sa that 3he patputroctago yalue
| ed _on 10, 2003), Inventor: KITANO
or a apgd yal uﬁoaﬁo %mVﬁaE%t(fiféees petexcepd arwaeéﬁte(reamwﬁﬂ@ﬁue

i S A B D I e e
n?gto{' I'(g) tnefnv(eﬁe I @dfor'vrb\i' (ftgP forut%uﬁ@@eg% )as to

or con I|n a vo e or

sup?ﬁéséoﬁﬁsﬁoﬂ @,9@9& k}ﬁrﬁwohe&tth@%sﬁdrl (BN WAL ﬁrﬁz%s%%rfb‘a'ic load

o exceed current detection extent.

(6), Qh@tawhrmﬂafo&ipﬁsmgr controlling a vol tage or current
applied to a notor (5) froman inverter (4) for

detemtioinn gremmisofl 8 Ubp ultetedingi eurs outpsutt voltsgepadss or command
rotation speeo& variation of the notor (5) which drives
Val‘ﬁfé@f nvestey X@)ﬂ t he apparatus conprising: current

 inyiteR, epatto 0@25@%3%3 PR GORRAIRREr (VoGP oﬁ‘iaur%ﬁfgtof the
inviaify PRIty UpcuD e RLeGHOR iR e Bhaf FEC Sl valPigeyatue
or BB OFHE Elor 48} R6dd A0} StebE SRSt dIMinkfl value,

excee current ectlon extent,

talify ecé@éncejogfer/éu F&siPbE fd%hm@ﬁl%‘%b@& l'&ﬁna‘ﬁfon
controlling a voltage or current applied to a notor

15. ( A motemeattrolnvgrdratud 43 séoforviaby icRgn08 0F chibp U, wherein
torgue so as to suppress rotation speed variation of

- the detectivnoralué )s atpeak widie of theoutpditoroltazd valey of thecinverter
or thE Bomanand val, - O
16. A motor control apparatus for controlling a voltage or current applied to
"a motor (5) from an inverter (4) for varying motor output torque so as to
suppress rotation speed variation of the motor (5) which drives periodic load
(6), the apparatus éomprising:‘
means for decreasing an amplitude of an output torque variation of the
motor (5), and
inverter control means (15) for controlling a voltage or current of the
inverter (4) so that the output voltage value or command value of the
inverter (4) does not exceed a predetermined value.

17. A motor control apparatus for controlling a voltage or current applied to

a motor (5) from an inverter (4) so as to suppress rotation speed variation of
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nmeans for decreasing an anplitude of an output torque
PCIRP3/ B30I bifiiledfon Olieber 4B12803) (5) , and i nverter control
Invenier BETANG Nobeki control ling a voltage or current of the
Appligape Peikin Igdaytriesoltds not to exceed the current detection

extent. 20. A notor control apparatus as set forth in

one of claims 17-19, wherein the current detection

nmeans (11c) indirectly detects the output current of
thetthetori(f)wihtiehr dfi#ps pyriddiclond ), tthe appprdtuswonsgntsiak:

the inverter (4), and wherein the inverter control _
cuprentgletesiiommeaasble foe deiectingracenrrent ofichd mwerteer(4), and
. (4) so that the p ag val ue of the input current of
Inygidey GoBEROL MEANS | ﬁ5 dgntsopdrolling aJedtageoor euaent of the
. redeter m ned val ye. 32 PCI/JPQ3/13017 (filed on
inveRsER SAF ated S e cirEsioRe toRvANGIAISEAS B PEcsse: the

[ K] : ies, Ltd. 21. A notor control apparatus
cur@tkderﬁeét?%f?%en%

con Ing a voltage or current applied to a

18. T4 HotéPdordth B b rh PYEdrRontNiAL S Wk J{R{'(%[t applied to

out put torque sO as to suppress rotation spee
a mAbr 45) eRnofant Nevertdt 0O o8)varkigd niitoy @utpet tedj e koad to
(6), the apparatus conprising: |oad detection neans '
supp?&s fovatioetspesd ngriationsdfi thiatrnatprl (Gherhickn drives gretidic load
control means (15) for not suppressing rotation speed
(6), vhe iamppoatvsfcompyasingt or (5) in correspondence with the

| oad being small er @han a _predeterm ned value. 22. A
cupkeng detspiipn | meaps el fofs detacting: ap NP ewient or output

ol Rl Yy, AR G T %
8 501 b ARF 18 B GE R, Y2 498y Bt e

invdiR6r VA VARA P32 EhO CuPnt! QItEES0S ¥ afide %g)asmﬁcﬁgﬁeed the

rotation speed variation of the notor ves

curfgitiedédidroattent Sor drahgithe ngtoRY®I ter (7) is
provi ded which can control a direct current voltage

19. s dpmiot @dcondrdl e pamatus for coddrollime a appagatousurrent applied to
conprising: detection neans (18) for detecting an

a megerh(R) from ageinvartes @ foomsamne wotor outpuholgueese es to

sup%f‘rgs’s r%?gtion speed variation of the motor (5) which drives periodic load
(6), the apparatus comprising:

means for decreasing an amplitude of an output torque variation of the
motor (5), and

inverter control means (15) for controlling a voltage or current of the
inverter (4) so as not to exceed the current detection extent.
20. A motor control apparatus as set forth in one of claims 17-19, wherein
the current detection means (11c) indirectly detects the output current of the
inverter (4) by detecting the input current of the inverter (4), and wherein
the inverter control means controls a voltage or current of the inverter (4) so
‘that the peak value of the input current of the inverter (4) in negative side

does not exceed a predetermined value.
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a motor (5) from an inverter (4) for varying motor output torque so as to
suppress rotation speed variation of the motor (5) which drives periodic load
(6), the apparatus comprising:

load detection means (20) for detecting or estimating load, and

inverter control means (15) for not suppressing rotation speed variation of
the motor (5) in correspondence with the load being smaller than a
predetermined value.
22. A motor control apparatus as set forth in claim 21, wherein the load
detection means (20) detects or estimates load by means of an average
current. |
23. A motor control apparatus for controlling a voltage or current applied to
a motor (5) from an inverter (4) for varying motor output torque so as to
suppress rotation speed variation of the motor (5) which drives periodic load
(6), wherein a converter (7) is provided which can control a direct current
voltage supplied to the inverter (4), the apparatus comprising:

detection means (18) for detecting an output voltage value or command

value of the inverter (4), and

inverter control means (15) for controlling a voltage or current of the
inverter (4) based upon the detection value so that the output voltage value
or command value of the inverter (4) does not exceed a predetermined value.
24. A motor control apparatus as set forth in claim 23, further comprising
direct current voltage control means (21) for controlling the direct current

voltage supplied to the inverter (4) based upon the detection value.
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