13 February 2007 Specification Mtor Controlling Method And Apparat us
Thereof . F Technical Field The present invention relatesl3Pebauarp20@®t and
apparatus for controlling a notor for driving a periodical |load so as to
suppress changing in its rotation speed. Background Art Fromthe past, a
met hod i s proposed for repetitively controlling a voltage, current so as
to cancel a changing in speed due to a changing in |oad torque, as a
met hod f orgpe@ftdifnl i Ng @ motor for driving a periodical load so as to
suppress changing in its rotation speed. Wen this method is enployed, and
when fidelity is. inproved, a disadvantage arises in that instability is
real i zed iMotht Qhetioliag MeehoiAndAppaketug Théreaf y, when fidelity is lowered, a
di sadvantage arises in that shifting in phase is realized. Wien fidelity is
i nproved, a disadvantage arises in that the current becoenes too great,
pover deviledmiem#icdd not or with great capacity shoul d be enpl oyed, thereby
increase in cosiyl rE@e%k racy mE%faPe%rto %ﬂ@%@é’%&% ﬁ&%? PELARSZEHALLE
detecting a rotor position of a notor ased upon £ tect i on varies for
vol t age ampteripy drivingmcperiadicaldsad aprsrie sermetsahanging in ithetatisnopeedsi t hout
enpl oynent of a rotary encoder or the like. As the instrunent constants,
detern1negﬁvalues re used as they are, or values adjusted at the
manuf act u aﬂga?? gﬂ;are used. Therefore, a disadvantage arises for the
forner case i thhﬁtthalpaair e;amemogelm e;fralb@dd duerdpauhhﬂy Chp@iing aofmitdge
| nstr ument et SRt an% 3 cance the nrl §pee ﬁu ”E chcannOt eddtr e
dlsadvantage arTsés ?or { ?%P?eg c4B% % G Haf “PRREPRAL &% °E§?ta?§
real i zed. oedad fou IcmttO}I,mg?\hmtmrkfer tatvihg gepeaiodicgluivad s atwesupprets dldngthgso as
to cancelh§ﬁggga gnghng due to load torque changing, a disadvantage
arises .in that t proce55|ng for
: : 7 When this method 1s employed, and when fidelity is improved, a disadvantage
- arises in that instability is realized in higher harmonics. On the contrary, when
fidelity is lowered, a disadvantage arises in that shifting in phase is realized.

When fidelity is improved, a disadvantage arises in that the current becomes
_too great, power devices and a motor with great capamty should be employed, thereby

increase in cost is realized.

Further, a methed is also proposed for detecting a rotor pesition of a motor
based upon the detection values for voltage and current and the instrument constants of
‘the motor, without employment of a rotary encoder or the like. As the instrument

constants, determined values are used as théy are, or values adjusted at the

manufact'uring timing are used. Therefore, a disadirantage arises for the former case
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 pr'esent 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

_changmg
1t is another object of the present 1nvent1on to offer a motor controlhng method




detecting a rotor position of a notor is possibly diverged. The present

i nvention was made in view of the above di sadvant ages. |13 Rebrumny 2ifj7ect of
the present invention to offer a notor controlling nmethod and apparatus

t hereof which can inprove stability and can realize decrease in cost when a
voltage and current are controlled so as to suppress speed changi ng due to
| oad torque changing. It is another object of the present invention to

of fer Lpg et hod 1 ------- .o - o-v--=2. 13 2007 and
apparﬁ'Sgaﬁﬁ%?g%?ﬂéﬁ§ihm%%ﬂg%gggggémr8?85pgggp?f%ﬁw géé%gﬁgﬁyggcuracy by
i dent iiflgtitifiging ke instatnenreodstanemshani sotodhpositionraftaomoteo s ddtamedobased not or i s

det ect ed sed upon detection, val ues r .voltage and current and the

st ion oo GRS (G A St ind B R ot en 0% Heneder o t he
|ike.dﬁﬁﬁﬁ@ﬁﬂg@nﬁ&yﬁhgxkﬂMQﬂghﬁa In accordance with a first aspect of the
present invention, there is provided a notor controlling nethod for

controlling a voltage or current applied to a notor for driving periodical
‘| oad MisAssutofShpdivatorchange i n angul ar speed of the notor, the nethod

conprising the steps of; tecting at |east a fundanental waye, conponent of
an angul ar JteLPERET BHA aDtiﬁHas@sm?f F PHFeRtHBVSAHrR-agereds PERITEE applied to

the myi&er é&tﬁliﬂgﬁm@%ﬁrfﬁ}" Bﬁltﬁ)ﬂir@ﬁ%ltﬁée 8r EURGRIBAIA oV agponent  of

output torque to be nearly reversed phase with respect to the phase of the
f undasEning paxdisak tnagd cest toofuppress deangetiachngulay apesd adctbelreetarithtr. A not or

contrg% | ' ontrol anplitude of the output torque changing so
t hat t‘% uﬁ@ghgﬁlgﬁg%%%éﬂbonponent of the angul ar accel erati on becones 0.

A not or conDeeblinghg lewtt hdfindamycneatpbayy campahere of @anngihlbngeceferatioaym of a
direc%nd

Controlling the voltage or current applied to the motor so as to determine a
phase of a fundamental wave component of output torque to be nearly reversed
phase with respect to the phase of the fundamental wave component of the detected
angular acceleration. |

A motor controlling method may conirol amplitude of the output torque
changing so that the fundamental wave component of the angular acceleration becomes 0.

A motor controlling method may employ a value consisting of a sum of a direct
current component and a fundamental wave compbnent, as at least one of an output
v,oltage,. output current, and torque command.

A motor controlling method may employ a motor for driving a compressor as the
motor, and may employ a value formed in correspondence with a torque changing
waveform of the compressor as the output voltage, current, or torque command.

A motor controlling method may employ a motor for driving a compressor as the
motor, and may employ a value formed to fit a typical torque changing waveform of the
compressor as the output voltage, current; or torque command.

Also disclosed is a motor controlling method for controlling a voltage or

current supplied to a motor from an inverter so as to suppress rotation speed




current conponent and a fundanmental wave conponent, as at |east one of an
output voltage, output current, and torque command. A rigtRebnaen200d | ing
met hod may enploy a notor for driving a conpressor as the notor, and nmay
enpl oy a value forned in correspondence with a torque changing waveform of
the conpressor as the output voltage, current, or torque comrand. A notor
controlling nethod nay enploy a notor for driving a conpressor as the

not or, enpl.Q val ue faornmed..to.fit .a typical torgue changi ng
never SARERE B aR TR pin KEpG o0 RinBRG 1o, BR B B RS BT 07
commaraf; Al so disclosed is a notor controlling nethod for controlling a
vol t age or cu.rﬁent supplied,to a tor froman inverter so as to suppress

rotation spB&a yoululEap meghtly e S e TORAAE NG 38he ot or with respect to a
peri odi cal Uﬂﬁgingtﬂégeﬂéﬁkiﬂﬁ%&ﬂmidrﬁl%&hb hBod SPSrafibn hidkdokdd dryviRyt pPut ting
negative torque fromthe inverter, and Utilizing regeneration power during
t he al#8®8. operation for notor driving again. Al so disclosed is a notor
controlling t t. fur i eﬂﬁat'o eration for
dead tinme o q%h??sgh({s%%tlsv%lrbgéégﬁ@g&% %tt%oggﬂglqs a %t%ﬂqgsor?@ﬁ ol ling

met hocdohmpensatinh opérktiongfondeadl tinagef the outputrvwodtage. suppl ied to a notor from an

inverter so,as to suppress rotation.speed changin of the 2a 13 February
2007 ot or A HSFBEE: = qpoar Gar FORRE ZHehBh it SN AUSRpPT ses | e
step Qhirefibpiddd oROnbide ol APHReRér OUs 6 Blpprets rb@atiexX SRRd chafgig ent naxi num
val ue of power devices of the inverter taking precedence over the

supprégélilf‘on of rotation speed changing.
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Al so disclosed is a notor controlling nmethod that controls the voltage or
current not to exceed a current naxi mum val ue of power dB/FebasrpP0ihe

i nverter by reducing the anplitude of the output torque changing. Also
di sclosed is a notor. controlling nmethod that controls the voltage or
current not to exceed a current maximum val ue of power devices of the

I nverter by changing the waveformof the current, voltage or torque

Commr&goﬂlopﬁrﬂh SL&E\FBS%B%—;OSI&%IGPIOL@ \f\ﬁerm&ﬁgé(cf%ﬁ [SLEMmL sﬁvé”P toP respect to the

average curren osed 1Ts a notorr controlting nmethod that carries
out the chafghingling thdheoltagaweicorrentnt ¢ exgeed g duhentvaveiminvabe bhe current,

vol tage or tarqu ommand wth a t andard, val ue. Al sq disclosed is a notor
contr q“feﬁ&e%%ﬁg&g? H’é’FH?:raﬁ\Qjé‘Hg é’f"ég‘?ﬁiﬂﬁ? Yy Sppression of rofatien $psed t | on usi ng
a currgakpignd voltage applied to a notor and the instrument constants of

the nmotor, and controls the voltage or current applied to the notor based
upon. the cdfgoudisclesed i armelor santrellieg meethest thas reopirelssthe Hwltege pr of |

'Reducieagreﬁéﬂﬁota&)f&e&édog cﬁlfrelﬁ%ﬂiﬁaﬁfgr p%ué BFP&%E SR toft‘tf?@ﬁ&v%ﬁ&sb f the

notor, or an error of a sensor etection of the curren ol t age based
upon chducig the amplimde pf theeutppt tikquechdnging.so di scl osed is a notor

t 1 t t hat ' t t duct i f ot ff [ f th
arror of ¢ TR URInRA R = B3l et meiRed Bl Eipisof B¢ ralr e R o censor
when  afot @ ghiceal ycurRatmasinti vahs of fower Hibeds OF @k ihGerfer BPERIngiRthé ol | i ng

nmet hod th?t er{pl oys a conpressor as the |oad of the notor, and reduces the
af f ectVORIBR it Byrait viltags ar fosgye somEmndcighst Aprmshaying #loWerpedk | or the

error &Henﬁvﬁﬁ&gnggctggghgia@gﬁ%M}pen;_orque ripple of the conpressor. Al so
disclosed is a notor controfling nmethod that adjusts the instrunent

const ant s sélsadlisclpseibiseymptercentioting westhadspatecarriasiont thietchangasgpadhe t 0 an
obser g Pt Bind f v FORD SE Bt e e PR i hogi 11 on
‘usi ng standarduahent and vol tage 3 .
Also disclosed is a motor controlling method that 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, the method comprises the step of;,
Reducing 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.
Also disclosed is a motor controlling method that carries out the reduction of the
affection of the error of the instrument constants of the motor, or the error of a sensor
when an ordinary load is driven,
Also disclosed is a motor controlling method that employs a compressor as the
load of the motor, and reduces the affection of the error of the instrument constants of the
motor, or the error of a sensor utilizing the torque ripple of the compressor.
. Also disclosed is a motor controlling method that 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




13 February 2007 applied to the notor and the instrunent constants of the
notor. Al so disclosed is a notor controlling nmethod thatl3digphmyws2@07val ue
determned in correspondence with at |east the rotation speed, torque, or
current, as the determned value for the torque ripple ratio. In
accordance wth a second aspect of the present invention, there is provided
a notor controlling apparatus for controlling a voltage or current applied
to a notor for driving periodical |oad so as to suppress change in angul ar
speed apithiedite thegneter andibe ingppacatiagsstentapf theimefor.Cont rol neans for detecting
at least a A L f | i on, and
control li ngk%éﬁe vo{f}fgggseg\@\ré?og &?ﬁ%@ﬁ Hgggpﬁﬂ?oéidtﬂ E&oe%%gﬁ}ésagngéggﬁétg&gé&fo det er m ne
a phasecafesporfdenciawizh bibleastaverotnivnapest tatug ot patedt crsqhedetéibed near | y

rever selg Ehgﬁe vvith.ris ect to the phase of the fundanental wave conponent
of th&*Y&t¥ BIPTINGHP " Bcel eration. 3a 13 Febr uary 2007 A notor
contr ol | i ngnapeaaaicd Swithey sRoRd ﬁh?ﬁéf&?@ﬁe REent RVEARIN, tHeg: APRMVidddde of the

e fun

‘out put torque changing so that t| amental wave conponent of the
angul Eotorroptrplling tappayaye deneeptrolling g yoltage oncrmsent Apakied tose metasfotont rol | i ng

appar ﬁHHﬁg e)ﬁo&@ﬁ' 18%d 35 AW So %@%Lg}%ﬁ%n;ﬁg:aﬂ%&%& ntgg ggen {rfbftora dim of a

direct cu nt conponent an u ve 'Co a5 at |east one
of anappsrput ceviprisigg, Gentrpltmenns rfentdeteatiol taor igee € dundantkntahswite cont r ol

means. A notor.controllin ar at us enpl oy a notor driyi a

Conpr ceBaPRnEbe & Bhdyfi sber ARG 38 ESnttng (Boled P Henlnlie™hor et 1

COr I egRanGteN&Lasb déterint @Iphbe ofRARGIAEnNR WRlOEdTyincht it aQRIPtRGSOr as the

out put VOlt%ge’ current, or torque command, as the control means. A notor
Pp

cont r 8 PErRpAEypEeVaised Dhase Bl tyPest et e phsse i e niyndaraeigly wa%or as  the
ot orgoﬁmemtﬁyget@amggmg&gepﬂioﬁ value formed to suit a typical torque

changi ng waveform of the conpressor as the output voltage, current, or
torque comand, as the :

© 3a




control neans. Also disclosed is a notor controlling apparatus that
controls a voltage or current supplied to a notor fromEFébawey2@d7 so as
to suppress rotation speed changing of the notor with respect to a

periodi cal | oad, wherein the apparatus enploys an inverter which partially
out puts negative torque fromthe inverter, and utilizes regeneration power
during the above operation for notor driving again, as the inverter. Al so

di scl osed is, a _pmotor ntrol ling apparatus that enpl.aoys an.jnverter further
carrying out* BSRpERRItas sRpsta maY SRRy dtnye for d G PR aBiMSE S v ol ¢ age, as
t he i nuenugiut tordhs chatighyl astdt it AmdwheitalcRiid cdhpiignBpp teadngalak hat

~controls a \/_ol}t)%%e or cuErent iupplied to a notor froman inverter so as to
suppr SSEEIFIglion Perames et e SHiohBe8?S- the notor with respect to a peri odi cal

load, the apPRbk BSntRMIRY dpp&idius B dniloyBRAS dnfloyi s (ALt Loigistihe vol tage or
current not to exceed a current rmaxi mim val ue of° power devices of the

i nver tafra sugk ping disecs cuen cemporant pid 2 Suplomestsl wave efmponeet poaf Ispéed

‘changi hg. ' ' t | ng at enpl oys
roans Poer S St RS SHiph e BrofR il R Rl AP BR DS T et
maxi mum val éemotorpmneiollimdeappaesuo nayhemploy er inetorhirivieglaaiongpredser anpl i t ude

of the tput torque changi ng, as the contysol ans. 4 13 February 2007
Al so dedis Boter. fad'gRplSrkanR emaTaing » 16tk e e osposyE Yihns. f or
cont r ql toidhe chixgiyOWhAFemObf G bRPtestfiitas e SutFReAItace birk@RlortBheum val ue of

power devices of the inverter by changing the wavef orm of the current,
vol ta@@m@?anfioqs(jh@con@r@mﬁm. into a formhaving a | ower peak current with

respect Lo WioR EEARRLAE Sy m AR 16y AAE Sy BEAR s hRtlige! 5o 1o @

mot or control i ng appar np means for c out the
changitigmefor,tané emplogs memstenpddyinge veduet foenakiv sfiion tppafal togechangng , vol t age
or t Waveform OFTRE gor\ﬁ\f;}egso? as %haeno% " v\éﬁllg%? bur?esnt,t (;]I'etOI(“:q(l)lQ tcg)r%lman_ ,aar]ssthe

control means,

Also disclosed is a motor controlling apparatus that controls a voltage or current
supplied to a motor from an inverter so as to suppress rotation speed changing of the
motor with respect to a periodical load, wherein the apparatus employs an inverter which
partially outputs negative torque from the inverter, and utilizes regencration power
during the above operation for motor driving again, as the inverter. '

Also disclosed is a motor controlling apparatus that employs an inverter further
carrying out compensation operation for dead time of the output voltage, as the inverter.

Also disclosed is a motor controlling apparatus that controls a voltage or current
supplied to a motor from an inverter so as to suppress rotation speed changing of the
motor with respect to a periodical load, the apparatus comprises;

Control means for Controlling the voltage or current not to exceed a current
maximum value of power devices of the inverter taking precedence over the suppression
of rotation speed changing, '

| Also disclosed is a motor controlling apparatus that employs means for
controlling the voltage or current not to exceed a current maximum value of power

devices of the inverter by reducing the amplitude of the output torque changing, as the

control means.




Al so disclosed is a notor controlling apparatus that calculates information
for a rotor position using a current and vol tage appli et Fcbnmry®dyr and
the instrunent constants of the notor, and controls the voltage or current
applied to the notor based wupon the calculated information, the apparatus
conprises; Affection reduction nmeans for reducing the affection of an error
of the instrunent constants of the notor, or an error of a sensor for

det ecti on ofy(NGGEILLENL o bl %gsn@ﬁﬁo,slapﬁgr%sc@ LRSS HegaPrigoerty of

| oad. Al so scl ose or con yS nmeans

for caongoligg thevoltdpe drediﬂféht aot af etdeed af él@ﬁ:ht ﬁfﬁxﬁﬁuﬁlh@ﬂlﬁ 6Ppowér t he
i nstrument constants of the notor, or the error of a sensor when an

or di nieyien 8 the inyerteiohy changing he Mavetbon Offethﬁ@llﬁéw vAREesOr IIeYe di scl osed
5 8 TRRharif O W ARPRIA & Sebi0 Blrr SRR Rock QT3R80 BRddge | 0ad of
ans

t he notor, ons C|ng 'on o e error of the

| nstrwmlnﬁcmmn]smamms of the notor, or the error of a sensor utilizing the

‘torque ri ppI corrpressor as the affection reduction neans. Al so
%9‘?3&1

di scl osed i € w%rwqﬁ@iwwwﬂtaﬁsmpmﬁr@w ioe GRS IRD Y |
acl) St ifinki3 oF WIEDAVeRARPH A0l 510 AT ERLAE! Bl Uit QG oF | PPI € Tt 0

with respect t an average t e a predetermne t he average
torqueoﬂqaeugmbmiawuhdﬂmdaﬂmhmeaﬁthemnmi[ni&aml culates information for a
rotor positi ng.the current and voltage pplied to the notor and the
i nstrument éﬁ?‘l’s‘#%?hﬂ gd 512 PRer FRRIL mge?é’PﬁlF‘lE‘Sglﬁégl plates mfapmationder qreans. Al so
di scl a5l positian BRI 2 (REEOkH RAIERP A Hal S0t & HhotBiRhdNfe Thififche empl oyi ng
a val ue dgoerlrﬁlnedr%l?l correspo%e%@g tE a Ie%st tﬁe ?ot atlonpspeed 5 13
Febr ua:oystﬂﬂ@@’f theonctoe ,and rcontnols it voltage bheurdmt applicieid thamotorfased he t or que
the. affection reduction nmeans. |In exanple enbodi nents,

|
{ hoP P e alcR B R TR0 44 AP GOBAIS PR et hod

Affection reduction means for reducing 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.

Also disclosed is a motor controlling apparatus that employs means for carrying
out the reduction of the affection of the error of the instrument constants of the motor,

- or the error of a sensor when an ordinary load is driven, as the affection reduction
means.

Also disclosed is a motor controlling apparatus that employs a compressor as the
load of the motor, and employs means for réduciné the affection of the error of the
instrument constants of the motor, or the error of a sensor utilizing the torque ripple

. of the compressor, as the affection reduction means.

Also disclosed is a motor controlling apparatus that employs means for
adjusting 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 and the instrument constants of the motor, as the affection
reduction means,

Also disclosed is a motor controlling apparatus that employs means for employing

a value determined in correspondence with at least the rotation speed,

5




detects at |east a fundanental wave conponent of an angul ar accel erati on,
and controls the voltage or current applied to the notol3 Bbnasy 2007
determ ne a phase of a fundanmental wave conponent of output torque
changing to be nearly reversed phase wth respect to the phase of the
fundanment al wave conponent of the detected angular acceleration -5a 13
February 2007 when the nethod controls a voltage or current applied to a
notor driving periodical |load so as to suppress rotation speed changi ng of
the nMag@be, ofhRiehtO e theSdetdthinddywatidfob éhe tofdpicoNMfle ad, de aicomRRtibM Ccost can
be realized, when the voltage, current is controlled so as to suppress the
speed redugHen Alga’iue to | oad torque changing. | n exanpl e embodi ments, the
met hod cont ' u t qtor changi ng .so t he
fundanentaJ&ﬁgégﬁggé%%%gﬁﬁﬂ%ﬁ&gﬁggé%%h01?%%#%@%?5??0 ﬂ%&gﬁ#ﬁﬁﬁo_

Ther efdefetts afléhst Sif fBAImM &R vialre @ampbRsht 00 hn hfFulQUichaléthiifty aBd comtidisIt tor que
with greater anplitude sjince the fundanental wave conponent of angul ar
‘accel éhatvobpgssof | qurrent ragpHed \ipethe amotnt jsutast ter defermine ha 2h8se fide i s not

of - epaaalithfl stk lpofkt e il (GRDF Endithe O KRR RSB IRNE Ol uce

for detithrespecng thdphdsend drefihddmyayier acormameaiht of tht deteaeguhgilanccel erati on
to be 0, then the operation sinmlar to that above can be realized In
exanpleEcdsBleR nent s, the method enpl oys a val ue consisting of a sumof a
direct current conponent and a fundanental wave conponent, as at |east one
-of an output voltage, output current, and torque conmand. Therefore, the
operation simlar to that above can be realized. In exanple enbodi nents,
the nethod enploys a notor driving a conpressor as the notor, and enpl oys
a value formed in correspondence with a torque changing waveform of the
conpressor as the output voltage, current, or torque command. Therefore,
an accurate controlling corresponding to the torque changing can be carried

Sa




out, and the operation simlar to that above can be realized. In exanple
enbodi nents, the nethod enploys a notor driving a conprdSdtbrmsy 200¥e not or
and enploys a value forned to suit a typical torque changi ng wavef or m of
the conpressor as the output voltage, current, or torque conmand.
Therefore, an accurate controlling corresponding to the torque changi ng
can easily be carried out, and the operation simlar to that above can be
realized. In exanple enbodiments, the nmethod partially outputs negative
t or quevlien alie methed cotild £voltag@ dr bilrrdnt aRslict @@ & Meotat drivihgdsetdbicalUbhdg t he above
operation for notor driving ﬁ%%;n, when t he ngth d controls a voltage or

f ing T

currefi? BSUPPUPREST B oIRSF AT iths, Brofery Tagretpre.t Hadlipypfa8see r ot at i on
speed yahRRed B SdcrdabieinPabtQan W trbhliz68 REfeh tﬁé)vcﬁtagé Adeft§OEHRONR DT
periodical |oad. Therefore, the flow of power Tor the average w thin one

r ot at 2®HP SuppIesTiS spaed changingt dyade thadtterquerthaogingy om t he inverter so that the
DC vol tage %e&aﬂigfe e‘ﬁ%%ﬁin‘ién ',E% ndlé{ﬁocf Qo 4SIRIE B TP g Syl L
savi ng power can be realized by Tutid rZimg The vegener atiPon ‘PdWer. 6a - -
- - - <changing so that the fundamental wavisXongfdhe@rof (0hGulan aeemticn abaed nents, the

met ho rther carries out conpensatign operation for dead tine of the
out pug' &E‘F’Eeg‘@f& a%ﬂ%‘?@f‘bf’%‘} .bGCﬂa%Té@ZOEhgq{g?‘HBUtﬂﬂg TootRE! ‘gess Yithe can be
SUppr.??e“af‘éi, gﬁﬂ?ﬂud&”@n&&ﬁé HddAheftalinadb cslﬂp&%a% oﬁzlﬁ%\ﬁﬁar%@&léi‘%iélﬁﬁhl zed. In

exanpl’e enbodi nents, the nethod controls” the voltage or current not to
exceetermainy when an rpapvinterqua itk asiplijedeels e wbhigmsd ofhitthis sufiiaentder t aki ng
prece e SSi | e I ng t he nmet hod
Cont r ofseing, SRk RHAPL 0B, SR el BRE RIS AR o ° <0 a

t 0 suppnes sbacotnet | gablspwitd alnpligideg foroidetehrininy diic hlidantepgpewhvd 0 a

eriodical |opad, Therefore, determ ning the current _capacity of power
Fovi cEanonent ot IheAbeviEy aqeglefptiop fededh r'}@aﬁg% PRGFAGE HHBIaTIBLERADINC al | o
can be realized '

In example embodiments, the method employs a value consisting of a sum of a
direct current component and a fundamental wave componént, as at least one of an
output voltage, output current, and torque command. Therefore, the operation similar to
that above can be realized.

In example embodiments, the method employs a motor driving a compreséor
as the motor, and employs a value formed in correspondence with a torque changing
waveform of the compressor as the output voltage, current, or torque command.
Therefore, an accurate controlling corresponding to the torque changing can be carried
out, and the operation similar to that above can be realized.

In example embodiments, the method employs a motor driving a compressor as
the motor, and employs a value formed to suit a typical torque changing waveform of the
compressor 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 similar to that above can be realized. |

In example embodiments, the method partially outputs negative torque from
the inverter, and utilizes regeneratibn power during the above operation for motor
driving again, when the method controls a voltage or current supplied to a motor from

an inverter so as to suppress rotation speed changing of the motor with respect to a




that decrease in cost can be realized. In exanpl e enbodi nents, the nethod
controls the voltage or current not to exceed a currentl3Ebrmy2eed ue of
power devices of the inverter by reducing the anplitude of the out put
torque changi ng. Therefore, the operation simlar to that above can be
realized by reducing the anplitude of the output torque changing. In
exanpl e enbodi nents, the nethod controls the voltage or current not to
exceed, a current maxi mum val ue of power devices of the inverter by
changipagodibsl lowdVEL@EiRrQfthe HRve BF ppRier fYOHagRrafe Wahiiueneesmand i nto a

f orm havi ng | ower peak current with respect to the average current.
Ther efl’S?‘é",’est’%é fioye tosyardn thsi mpton fromy thenigverterspethat the BE yoltagf Asas by changi ng

the vwayekodmifhe WlE 16 Wd RBEncriRbl. 3%€a Psuli 06 Rl be kii%ePbyf OF M havi ng
a lower_peak current wth respect to the average current. In exanple
enmbodiutiining therrhgengrstippgowen ri es out the changing of the waveform by
clipping the waveformof the current, voltage or torque command with a
‘standard value. Therefore, the operation simlar to that above can be
realized. In exanple enbodi nents, the nethod reduces the affection of an
error of the instrunent constants of the notor, or an error of a sensor
for detection of the current, voltage based upon characteristic property
of | oad, when the nmethod 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 notor based
upon the calculated information. Therefore, the accuracy in rotor position
detection can be inproved, and the inprovenent in controlling of a notor is
realized. In exanple enbodi nents, the nethod carries out the reduction of
the affection of the error of the instrunent constants of the notor, 7 13
February 2007 or the error of a sensor when an ordinary load is driven.
Therefore, the reduction of the affection of the error can be realized with
accuracy, and the operation simlar to that above can be realized.

ba




I n exanpl e enbodi nents, the nethod enpl oys a conpressor-as the | oad of the
nmotor, and reduces the affection of the error of the instyEebemiry 200t ants
of the notor, or the error of a sensor utilizing the torque ripple of the
conpressor. Therefore, the operation simlar to that above can be realized
based upon the torque ripple. In exanple enbodi nents, the nethod adjusts
the instrunment constants so as to determne a torque ripple ratio with
respect to an average torque to be a predeterm ned value, the average
torque bei ngnob@iple tenibodimentss et | @Bthali filthedl cattiedt a6t icompemmtioon for a
rotor positign using the current and voltage applied to the notor and the

i nst r GRERton dyrdsad finae of ther@%tvekt@gerﬁéﬁ@f%?e\fd@ﬂ@ chpeing dusriodheri | ar to

that Qe emt 2 BesipRltethd BRSELtatiOlaliiRiol REANGVd daRBk FedliBld O W Lh I espect
to an average torque. In exanple enbodi nents, the nethod enpl oys a val ue
det er mi ned iln exgwpleceporliteads the mietlad doptrels thbieottageadt omrapawtifo t or que, or
current ﬁs t he determ ned v%lue f%r.thqghgrguer%i%ﬁ%e ratk&. Ther ef or e,
the of8FRtiLHTETRHTAEIMYY YRING oL dgvifes Ye'bp dBYSrELdking PEFrE2Pbndence with
the owwer the eishrédsivn. ofirbtafiy@sied cRAHYMH WREH He ridlRoPaR@oR4polagt 6£1S at | east
a fundanmental wave conpgnent of an angul ar accel eration and controls the

vol t aGuITeRt supplicdite adpptor &am 3 inKerter §p@p o WPPESS rofatien spesl §BangiRhase of a

f undaenialn ey &ith end LAY od0r hapRQRG:; Heafly reversed
phase with respeét t% t he Sﬁ%ggué% ?ﬁ@pﬁﬁ% gﬁ%hggﬁhﬁg€%9ﬂ%§hpongnt of the
det eccaphciygiipawendedtesrefitho mverthew hagreatppeapatitisisoohnewled agall st t age  or
curre i 0, a tor.driving periodical |oad so as to suppress
rotat?%%8§%%§§gl%ﬁgﬁ8ﬁ%da8?e'he notor. Therefore, stability can be inproved

and decr east exangfs embadintefits, tRamethod, cottt6ld thd &oltdd &YCurréimbedd | S
controlled so as to suppress the speed_changing due to |oad torque
chang®gged Incueahpas Iaws oRlvRe A BOWemdevigss ot dhe Inessist dysredudng thor

contr ank)liﬂﬂe o d&tﬂgtg% c tel:g%g‘ﬂ% 3 ﬁ*ﬂEreﬁQF,q}l@ 0 %l‘g?&{ BhiSPtol Al abbiAe

fundanment al wave co ("he angular a eration becones 0, as the
cont r oin bemakzed Hyaeddongthe atipliskinef theomtpubrquachengidgout for out putting an

output tor QIig e\)limm}l&egé’m %Eilenrlen?s, el: tlﬁje eo Iccpn %lst E’l% vo?tage or current not to

exceed, a current maxunum value of power devices of the inverter 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. Therefore, the operation similar to that above
can be realized by changing the waveform of the current, voltage or torque command
into a form having a lower peak current with respect to the a\}’erage current.

In example embodiments, 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 above can be realized.

In example embodiments, 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 éontrolling of a motor is realized.

In example embodiments, the method carries out the reduction of the affection

of the error of the instrument constants of the motor,

T




----------------- --- - 13 February 2007 fundanmental wave conponent of
angul ar acceleration still remai ns when an output torqus Rdbibaradfdi t ude is
not obtai ned which is sufficient for canceling the fundanental wave
conponent of speed changi ng. Thereby, an output torque becones stable with
anplitude for determ ning the fundanental wave 8a 13 February 2007
conponent of the angul ar acceleration to be 0, then the operation simlar
to that above can be realized. In exanple enbodi nents, the apparatus

enpl oys thicéns SMPbagbNFhen ¥RbiEnar¢ 88 BtdrR@nOThéeford) thé raludiib€et current
conponent and a_fundanental wave conponent, as at |east one of an out put
vol t adke afigtipn of tgerenean bagalized qudh acowisendind ke enseation simibar to fhshns.
Therefa%‘;\e,ca}llgg é&ﬁ%dgtion simlar to that above can be realized. In exanple
enbodi nment’s, ha apparatus enploys a notor driving a conpressor as the

mot or, and dhek&sle eRBOSinRAR] thy nitgh@ sMaples & obfPisdon achieeripsfitdence with a
torque changi ng wavef orm of the conpressor as the output voltage, current,
or t oMU, aw%m theaffectien eighe emer ofdhe instrymenteoastants ghths aeqipi OB

contr ' r.r -1 t e ngi i out, and
the ot S SPar SERAMARA Bro lolfud AER HCHRMGIALART PRndRHd e
enbodiopematien sitdiler fpharabbuscairielreglized based epod tekomge sipplenpr essor  as the

not or, and enpl oys nmeans enploying a value forned to fit a typical torque
changi ng mdéﬁwlsﬁm%ﬂin@ewﬁ@ Oda%d?v%th@aﬁw%mna@@ts se@tent, or

tor q”ﬁeteﬁgi%%grqu@t' éiéeraﬁ&’ Wit'hc}hs <k 9%mn aw&rggft&ﬁge %)g{écgﬁl%ﬂét néPntrolling

corresponding to torque c ng can &asi ried out, and the
oper awvalog, the avdrage tbrqut beihg abwyeed fean akectivaavhictedchlculatesdénfanpitionefobodi ment s,

the apparatus partially outputs negative torque from the inverter, and
uti | i 2&tOF Bl usngthe suent apd volings prrlied iy thegpeton and the wistrrBest

constants of the motor. Therefore, the operation similar to that above can be realized
based upon the torque ripple ratio with respect to an average torque.

In example embodiments, the method employs a value determined in
correspondence with at least the rotation speed, torque, or current, as the determined
value for the torque ripple ratio. Therefore, the operation similar to that above can
be realized in correspondence with the outer condition.

In example embodiments, the apparatus detects at least a fundamental wave
component of an angular acceleration and controls the voltage or current applied to the
motor 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 fandamental wave
component of the detected angular acceleration, when the apparatus controls a voltage
or current applied to a motor driving periodical load so as to suppress rotation speed
changing of the motor. Therefore, 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.

In example embodiments, 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, adjustmeﬁt can be

carried out for outputting an output torque with greater amplitude since the

8




driving again using the inverter, when the apparatus controls a voltage or
current supplied to a notor froman inverter so. as to sSlifsbassy20d7ati on

speed changing of the notor with respect to a periodical |oad. Therefore,
the fl ow of power for the average wthin one rotation becones the flow

towards the notor fromthe inverter so that the DC voltage does not keep
rising due to the regeneration. As a result, saving power can be realized
by utilizing the regeneration power. |In exanple enbodi nents, the apparatus
enpl oyfandammemalewiws cdmpdnelr of angwWirng celetitiot QN aamaink onhepat atipan f or dead
time of the output vaoltage, .as the inverter. Therefore, voltage changing

due t ¢OHIHR Wi Anlityde 18 net abkaingd which deartlicient fonemsgingthe Simdagent] ar to t hat
b i i antrols th
Sort agiR oBipbfdhio? Gited AR UALABR Sroul e BRRAIHNE W 2 S

val ue aafpljtode forddatemsinings thehfand amentad wwavaki ng precedence over the
suppression of rotation speed changi ng, when the apparatus controls a
'voltage or current supplied to a notor froman inverter so as to suppress
rotation speed changing of the notor with respect to a periodical |oad. 9a
13 February 2007 Therefore, determning the 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. In exanple enbodinents, the
apparatus enpl oys nmeans for controlling the voltage or current not to
exceed a current maxi num val ue of power devices of the inverter by
reduci ng the anplitude of the output torque changing, as the control neans.
Therefore, the operation simlar to that above can be realized by reducing
the anplitude of the output torque changing. In exanple enbodi nents, the
apparatus enpl oys nmeans for controlling the voltage or current not to
exceed a current nmaxi num val ue of power devices of the

8a




i nverter by changing the waveformof the current, voltage or torque conmand
into a formhaving a | ower peak current with respect td3tHebriave@ife
current, as the control neans. Therefore, the operation simlar to that
above can be realized by changing the waveform of the current, voltage or
torque command into a formhaving a | ower peak current with respect to the
average current. In exanple enbodi nents, the apparatus enpl oys neans for
carrying out the changing of the waveform by clipping the waveform of the
cur r erbmpenddt agethe ranf0laf Wecele@tioRng bai ¢,hthan skaofedaton almidar @sthahe cont rol
means. Therefore, the operation simlar to that above can be realized. In
exarrplago‘?rPBBHPFfféH%“sd; t he apparatus reduces the affection of an error of the
instrunment  qpnShapleSerAboditentiOhe  appatid erffloR mehnsPemSIDRaE o PAluget ection of
the current, voltage based upon ?Raract eristic property of load, using the
af f eccpmmsting ofia tsimmrofrmedires| curkneeonprmertpmd raafundaerdtauy ateemmpohortat i on for a

rotor posjition using.a current an vol.ta applied to a noto nd the
Tt r ananiets S PR S BrO R e BRY cutkie BRI ARE oo Rl an G s e pT e ¢ en
appl i ettah® Theeforetthe opaatich similar tohkat Gbdbwdanbe ekalinddor mati on.  Therefore, the
accuracy in_rotor position detection can be inproved, and the i nprovenent
in control | iIAg§x¥MPls emBediments. the apparedns eplogsa Mty dEIYIEHR FRIPRIESSOE he
appar gt W & },%ﬁéﬁgﬁ&%&%f‘eﬁ{ ; {fined” i HfbigoRadice Wi A7 fection of
the error o?Bt he i nst runment Sco%%g%g%et e rmlt or, J"ra tﬁlee error of a
sensotorgiechanging vdivatrm dfdhel comprdssoy entheamitpitevolthfe cuirent, petrged on neans.
Therefore he reduction of e affection of the.error can be realized with
acour opTiaafia® BRESGlsul Refs, TR ol chifREtE ol IS0y “*l0™1s
Febr ustie/toZfi? thahding ¥&ivpt eargiet) @dt, At tthe opdigtiohpdRilat téSth&rgbby Sandbec ONPr essor
as the | oad of the notor, and enpl oys neans for reducing the affection of
the ef$¥#edf the instrument constants of the notor, or the error of a
sensor ut il ig eRfndl0 BmbQdifHdRts! the OIS QAng AordyfEssde f ection
reducti on neans. I!';I'her e?or e, S’t he%ol%ér ast%rgﬁogslcm l'ar to r%ghat I;} ®

as the motor, and employs means employing a value formed to fit a typical torque

changing waveform of the compressor as the output voltage, current, or torque
command, as the control means. Therefore, an accurate controlling corresponding to
the torque changing can casily be carried out, and the operation similar to that above
can be realized.

In example embodiments, the apparatus partially outputs negative torque from
the inverter, and utilizes regencration power during the above operation for motor
driving again using the inverter, when the apparatus controls a voltage or current
supplied to a motor from an inverter so as fo suppress rotation speed changing of the
motor with respect to a periodical load. Therefore, 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 regeneraﬁon. As a result, saving power can
be realized by utilizing the regeneration power.

In example embodiments, the apparatus employs an inverter further carrying
out compensation opcration for dead time of the output voltage, as the inverter.
Therefore, voltage changing due to tﬁe dead time can be suppressed, and the operation
similar to that above can be realized.

In example embodiments, the apparatus controls the voltage or current not

9




above can be realized based 10a 13 February 2007 upon the torque ripple.

I n exanpl e enbodi nents, the apparatus enpl oys nmeans for EBdjdbsidsrnpg0@he

i nstrunment constants so as to determne a torque ripple ratio with respect
to an average torque to be a predeterm ned value, the average torque being
observed froma section which calculates information for a rotor position
using the current and voltage applied to the notor and the instrunent
constants of the notor, as the affection reduction neans. Therefore, the
oper atid excedd aidudentt atiMahn RdaVE poaver evicaadf the thveasedkidg precbdwdct or que
ripple rahio wth regpeci to an average tqgrque. In ex%ﬂgle enbodi nents, the
~appar &VEishe PG e oR RNt SPessTeRE Y RS HieiePargiep SPHH AN VLR8E 8F r espondence
Wi th ghrrbRaabpliddGo hhAb! £8in 3R ERMrtel & RUS sufress YothedH spedtbcHalSing det er m ned
value for the torque ripple ratio, as the affection reduction nmeans.

Ther eflormotor with sgspecit¢ aperéididal wedt o t hat above can be realized in
correspondence with the outer condition. In the rotor position detection
'systemin recent years for detecting a rotor position without using a
rotary encoder or the like, it becomes possible that angul ar speed
changing of a notor is cal culated because an angle outputting with accuracy
is possible. Wth utilizing this; 1. Control with nore accuracy can be
made possi bl e by suppressing the speed changing by perform ng feedback of
t he angul ar acceleration; 2. Stability can be inproved by perform ng
feedback with the gain of infinity after the extraction of the fundanental
wave conponent; 3. The current peak can be reduced by weakeni ng vibration
suppression control when load is heavy, so that decrease in cost of notor
inverter can be realized; 4. The phase error can be nmade to be 0 even when
gain is finite by taking the fact into consideration that the angul ar

accel erati on changi ng has a phase which is the

..9a




sane to that of the | oad torque changi ng. Exanpl e enbodi nents were

conpl et ed based upon those know edge. Brief Descripti or3@ebidaey ZOBEW ngs
Figure 1 is a block diagramillustrating a notor controlling apparatus of
an 11 13 February 2007 enbodi ment according to the present invention;
Figure 2 is a diagram show ng waveforns for each section; Figure 3 is a

bl ock diagramillustrating a position detection section of an exanple; 1lla
13 February 2007 Figure 4 is a block diagramillustrating a notor

cont r ghkidfgreppp@iminits e cureat befacayaddiormnidediceobflthiginvertéh® B esent
I nvention; Figure 5is a diagrami]lustrati ng changg I n conpressor |oad

changBFgter sapagieis noppepdpdpf allfsorthat derspieda soit a‘%‘?eg‘iﬁ?léze i s a di agram usef ul

i n under st aigi t AN r I - s Rgure 7 is a
bl ook g1 agr o RfipBlel diicfinert 1l SpHRUEL UV Bearl AP LBTEOing T P

enbodivoktage ercooredt ngt tooexcdeed prausent miarimem ivelug dfi mpwee Bvicss @f dhaagr am

I 1 lustrat.i a .wavef.orm whe negative tor,gue.is utput;, Figure 9 is a
i agr dvertet e Rl L RO o ARG b iy o B BB 10 1 S

bl ock THe@sramihd lopgstatiah i si@ilar NOtBat aboNd @kl iBRgraalipdr BY Usdeding thd ur t her

enbodi ment according to the present invention; Figure 11 is a diagram

i || us@mplifudg obthe cutplt OEHSSHYME %S prior to and after clipping, Figure 12

i's a block ghaghdie! dnttsaicdhtd, Mk pfRhRs cfpys Ohbdnl FoPRBAEANHS B 2

voltage or current not to exceed a current maximum value of power devices of the
inverter 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, as the control
means. Therefore, the operation similar to that above can be realized 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.

In example embodiments, the apparatus employs means for carrying out the
changing of the waveform by clipping the waveform of the current, voltage or torque
command with a standard value, as the control means. Therefore, the operation similar
to that above can be realized.

In example embodiments, the apparatus 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 charactéristic property of load, using the affection reduction means,

“when the apparatus 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.

In example embodiments, the apparatus employs means for carrying out the
reduction of the affection of the error of the instrument constants of the motor, or the
error of a sensor when an ordinary load is driven, as the affection reduction means.
Therefore, the reduction of the affection of the error can be realized with accufacy, and

the operation similar to that above can . be realized.

10




further enbodi ment according to the present invention; Figure 13 is a
diagramillustrating changing in angular error when Q- axi3sFebruathvi2dtice Lq
of the nmotor 5 in the position detection section 12 in Fig. 3 is smaller by
10 % than Lg set for the position detection section 12; Figure 14 is a
diagramillustrating schemati c waveforns of each section when a conpressor
havi ng repetitive torque change for every one rotation is driven using a
position detection section and by shifting an output torque to suit |oad
change; and Figure 15 is a block diagramillustrating a notor controlling

appar at us of r.ther di ordi t.l ntion. Best
Mode For Ca#?%?ﬁéﬁﬁﬁpﬁ?ﬂﬁﬂggﬁEgﬁ#%ﬁﬁggﬁ?ﬁ%ﬂ%ﬁéggﬁ&§$¥é??ﬁ%&?é?¥fng to the
at t ac higdmetoawindgploys meeqnk dredudiig e atfoctionoddl the grrorref the dnsmeheappar at us

t hereof of an_enbodi nent accor di to the, present inveniion | detail.

Fi g, Fonsiants gf dhi, matorg 05 S FOSPF dt SRR AR Ualo HRIAES FIRRYF 8PS at us of an
embodicBRptesd6iS 8 oGk Qod RRIURSS Bidhnd. THERIIEOthe bPerhlib® sitditaP o hant rol i ng
‘apparatus, a flrs; AC power 1 is supplied to a converter 2 so that a DC
power apevestsndierrealizedhasedC power is snmoot hened by a snoot hi ng condenser 3.
The snoot hened DC power is converted into a second AC power by an inverter
4. The second AC power is supplied to a notor 5. And, a conpressor 6 is
driven by this nmotor 5. 12 13 February 2007 A voltage and current supplied
to the notor 5 are detected by a voltage detection section 1la and a
current detection section 11b, and are supplied to a position detection
section 12. An angul ar speed output fromthis position detection section 12
is supplied to a differentiator 13 so that an angul ar acceleration is

out put, fundanental wave conponent of the angul ar acceleration is
extracted by a fundanmental wave conponent extraction section 14, and the
fundanent al wave conponent is supplied to

10a




an anplitude adjustnent section 15. The output fromthe anplitude

adj ustment section 15 is subtracted from an average curi3ditbnzeyn®@¥yd by a
subtraction section 16. This subtraction result, current detection val ue,
and rotor position fromthe position detection section 12 are supplied to
a current controlling section 17 so that current controlling operation is
carried out so as to obtain a current conmand. The current command is
supplied to the inverter 4. The conpressor 6 has periodic | oad change by
aboutugagng@qh@ﬁﬁgeper one rotation. The position detection section 12
calculates a rotation position and rotation angular acceleration of a
rotor usi ng Innexample egeodiments.cthe appasatis employs neaan dor wdiusiing thenent

h f »aX(S,. - ax.s Ld,
oy S Cortand s R REPIRA oo T 300 RIS ABETT ST (e
SO as térqué & bélh Pr&letdiMinedn@lileq theaterige tarique being RBsdruaifomni fctivayve

conponent extraction section 14 extracts the fundanental wave conponent of
the anguthxsalauates infommatinn forpepter Rosition ysing ihe Gireptandgroltagegppligh anent al wave
conpo tis i , I I i f. a

fr equgﬁ%@oﬁﬁ%ﬁﬁ}% Rm%g%%%ﬁfaéﬁt%@ﬂ%? ‘igo;r, r o@gta?%gﬁér?aﬁ‘ggg@gggx Stacted and
out putThewdfiere, thReopepaibnClimilgt fogthat abdve @artereslised tasddsupnahe t@guone rotati on
of the nptor, while angular accel eration change of a frequency which is

t wi ce TiPRIS TAYR With IePaetite AN AYRTRESIOTRS: extract ed and out put when the | oad

changi ng of : ' | j f tor. The
anpl i tude a(#‘ Eg%nqn‘ggtg&ggtgﬁegtg’ %ga@}r{r&pﬁﬁ %Ig Io?ﬁ@e%sﬁ%g%fgﬂ{bgﬁl gm%a{;/hguygorrponent
of t hdenginkdin enespaidehiowithatleastttheimatiohespasd) torfiie at carrent,esuhd . Wher ei n,

the anplifjication degree is set to be infinity in the anplitude adjustnent
sect i ptenningd, valyg dopr thei tgayh&ialspratioude e afestionr JedugHem mBsANS wave

CONPOHG ef&@dﬂéﬁp%&tioﬁ%%ﬁﬁhxpﬁoi % éq%v‘éf%% bk ‘Eéa%lﬁgc[' in"\@oﬂ%&g@o%ﬁ@ﬁc%% to Fig. 2.

(A in"Fig. 2 1lTustrates an axial torque o conpressor W th one
cyl i nderqutdrBpnditiosi g. 2 illustrates a notor

In the rotor position detection system in recent years for detecting a rotor
position without using a rotary encoder or the like, it becomes possible that angular
speed changing of a motor is calculated because an angle outputting with accuracy is
possible. With utilizing this;

1. Control with more accuracy can be made possible by suppressing the speed
changing by performing feedback of the angular acceleration;

2. Stability can be improved by performing feedback with the gain of infinity -
afier the extraction of the fundamental wave component;

3. The current peak can be reduced by weakening vibration suppression
control when load is heavy, so that decrease in cost of motor inverter can be realized;

4, The phase error can be made to be 0 even when gain is finite by taking the
fact into consideration that the angular acceleration changing has a phase which is the
same to that of the load torque changing.

Example embodiments were completed based upon those knowledge.

Brief Description Of The Drawings

Figure 1 is a block diagram illustrating a motor controlling apparatus of an

11




angul ar speed when it is driven with an average torque, (C bin Fig. 2
illustrates a motor angular acceleration, (D) in Fig. 23iHebtimty2009s a
not or out put torque when the controlling of Fig. 1 is carried out,
respectively. In Fig. 2, the horizontal axis 13 13 February 2007
represents a rotation angle (nechanical angle) of a rotor. Wen the notor
is driven with an average torque (refer to dashed lines of (A)(D) in Fig.

and mgen the a |aI orque of the conpressor is greater than the
avera a“P Pesent WYERA speed. On the contrary, when the axia
torqu z&élfdﬁgfm WevediRs Ffkadi\RRidhe average torque, the motor is
|9ncrgggﬁg speé Eﬁere?oree the angul ar atceleration will have a shape

whi ch is reVeuse 3iis aploskdliggen illustrating s ipagitionidetehidore oegticassfi @n t or que,

and the fundamental wave conponent of the angular acceleration will have a
shapeeﬁﬂm@ﬁ isillustrated in (C) in Fig. 2. Consequently, by changing the
out put torque of the notor in reversed phase wwth respect to the
-fundanment al wave conponent of the angul ar accel eration, the fundanental
wave conponent of the speed changing can be reduced. V%en sufficient
anplitude for negating the fundanental wave conponent of the speed changi ng
is not obtained for the notor output torque as illustrated in (D) in Fig.

2, the fundanental (., wave conponent of the angul ar acceleration stil
remai ns. Therefore, the adjustnent is carried out in the anplitude

adj ustment section so as to output greater anplitude. As a result,
stability is realized at anplitude where the fundanental wave conponent of
t he angul ar accel eration becomes 0. Even when the phase of the out put
torque and the phase of the angular acceleration are shifted fromone the
other to sonme degree due to the delay of any sections, the fundanental
wave conponent of the angul ar acceleration is controlled to be O finally,
because fundanmental wave conponent of an angul ar accel eration due to
residual torque of the conpressor axial torque and the notor output torque
is detected and controlling is carried out for negating the detected
fundanent al wave conponent.
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The fundanental wave nunber conponent. of the speed changi ng can be reduced
by such controlling, therefore vibration is effectivel i3Rebuasd2007n t he

enbodi ment of Fig. 1, the fundanmental wave conponent is overlapped to the
current command, however it is possible that the fundanental wave conponent
Is directly overlapped to the voltage command for the controlling having

no current controlling, because slight shifting in phase and the |ike can
be negl ect ed byigwedbitk bledndiagram ifusisatings eringloy captaoliing Gpperatvsef it is

ef f ecti vanbilal einbsdifnd REI ¥ toWRY Bres&RTRAREGDE; | S overlapped to the torque
command for thgucon rol I.j ng having the torque command internally. This

control I'ing redig®e°dht fiagiam finstratas £ shangs io copprstsse fopd changing 8F ene del ay
i n cont r ebtlatiog ofdhd cblaprdsidee i s hardly affected. Consequently, stable

controlling can be._.realjzed in yparison wth the repetitive controlling
known convent | ST § 1° SiEEREp et i PRAEEFodine rireiepl R virveligp o =

suf fi ci ememyprebsaxt i on suppression effect can be obtained only by the
‘reduction of t C ' Febr U I.n the
above descri pt %ﬁ‘}%ﬁ?{%?ﬁfé@* t(}n a?r‘%ﬁggﬁ?&\}a%%a(%bﬂr%%%@ﬁ% |r§ga§%pra§%%d’f aHowever,
it is apputeartemledimentgeordiog tetheprepehbinventinel er at i on conponent such as
second order Meeybe gext k AWALAm! MuBGditht ANwhbhAe JHAR MMM WY&k FonMponent

and the controlling may be carried out for negating the torque changing.
In this %85 (i sadvantages arise in that the controlling becomes

c?hrrpl i cr:]at Sd agﬂigglbab i kdind ilwtrhtgpg _ﬂt%t‘dﬂétgérﬁﬂ%géﬁq\énbﬁf dﬂ‘igir?@&?d, on the

ot her hand vi bgation. suppressi.ng abjJity.is not inproved too nuch.
Therefore, t hehﬁ“&%g? l%gg’é?‘:ic%ﬂ%é‘ﬂleﬂ Stf%‘fmq ﬁén?,t%f’%m%i“?ﬁga?%r@té’f Oti)ghoul‘d be
sel ect edfurtisedmbpdimenh ecdordioe tif the \pirésent ineentivntii r ement specification. Fig. {3
i bl ock di . : it . i ' .. Th
s a block di aglam 9f i DG ARSh B ARLLELAR SRGLA0 B pdf) EXAPAE, The

posi tion detection sectlon tonp conversion Secti on whi ch
recei vesclifféng;det ect ed vol tages for three phases and converts the detected

vol tages for 1hfdfe PHASEDlock Wil iR ARGERHAPE thoBr DRSS g SpREAREdf a
conversi urxl*tliseg %}nlbgcrl]im]é%% at\:,ggrl'dcirrl]g ir,oet%g Ip\r{eesgng igsention; : :
Figure 13 is .a diagram illustrating changing in angular error when q-axis
inductanee Lg of the moto-r. 5 in the position detection section 12 in Fig. 3 is smaller by
10 % than Lq set for the position detection section 12; |
. Figure 14 is a diagram iiltmtrating schematic waveforms of each section when a
COmMpressor having repetitive torque change for every one rotation is driven using a
position detection section and by shifting an output torque to suit load change; and
Figure 15 is a block diagram illustrating a motor controlling apparatus of a

further embodiment according to the present invention. _ o

Best Mode For Carrying Out The Present Invention

Hereinafter, referring to the attached drawings, we explain a motor controlling
method and apparatus thereof of an embodiment according to the present invention in
detail. -

Fig. 1 is a block diagram illustrating a motor controlling apparatus of an
embodiment according to the present invention.

In this motor controlling apparatus, a first AC power 1 is supplied to a
converter 2 go 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 mofor 5. And, a

compressor 6 is driven by this motor 5.
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detected currents for three phases and converts the detected currents for
t.hree phases into currents for two phases; a voltage dndpebabs208vi on

section 123 for calculating a voltage drop due to a wi nding resistance R,

a first subtraction section 124 for subtracting the cal cul ated voltage

drop fromthe voltages for two phases; an integration section 125 for

I ntegrating the suptraction result fromthe first subtraction section 124;
‘a flux cal cul ath gnltagsc and sunrept sepplied) touthe: matprp Pre delgeted thy & neoltgsei s

i nfluclt anC@t#c;ﬁbna?ctﬁ}ﬁQlQﬁdnﬁ ul@hﬁaﬁﬁm&tﬁe@sdtﬁm 118, farfdadre sq&;ﬂlm_a:dh@gsiﬁml _

cal cul ate ux fromthe,integration result; a rator.position. calculation
section TSGR SR dPar ARATETHREH HURRL TR A 2ugct aditen igaPaL | on

resul t f raupplidibtose diffederstislbdrr Hcdol that ae@hpalar 2céleraiich ia otiffut efuedémental secti on

129 T or CalRULALIJAG A0 30U 1aP REGS o i |EEERLA 3yl BouhilindiRAiOhaPOST L On.
. A position detection section having another ‘arrangerent can al 50 be

. enpl oyed. compppent pxiractiorhsegtitn df.mdahe drndamantal wavsrromppnanhis suppliedtus of
-another  grhpdiiRRt aBaasledt Rectlon 1916 THeCoRPBht IHMEMd QMplitlb SadjRtRient
controlling apparatus is different fromthe notor controlling apparatus of
Fig 1 orﬁegtxqqfft Kgoblracted from A2 ergeicgrreacommand By g yukiractiop sehiop s
subt r act i'THis $6itraddion hesulf HnRntVasestinv-06s) endl fobdt [weitioh Grond héd Fodiiawi ded

bet t . litud dj ust ti 15 d the. i ti ti 16" .
s L T A T
phase of canfrollidgwpetasion\iaverefl oetehat br geteinna\cefrentredmomarela c Fhefeuredd et

pressure,, .ol et . Q&pgp?iih”h?t;h%fim%%r onpressor. The wavef orm generati on
section 18 out pu?s torque waveform based upon instantaneous outl et

{ pressure, inl etTheresmpuessor 6has tiseiodiaJefdorhange byt sheut anesasrelitied PokaoRe
conponentgfdi@m t he anplitude adjustnment section 15 so that a phase of the
fundanent al wave conponent of the, output waveform becongs a phase, which is

reversed the pHRELOFIigH detretigpseotiondl spdsuirierdntotalinn; pastiopoprdntptation
anpl i t udeingfilat hRcdleratianvifitaakotwyaMein g ARP GOR Afe, GlurfeRe of thd totorad,edral Bhdbecones

the 15 13 rebouay 2000 cpkL (yre L9 IEpTR) L 49E, AL ARLTERCLGECt o
' and the like. | ‘
The differentiator 13 differentiates the angular speed se 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 cutput 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

confrolling of Fig. 1 is carried out, respectively. In Fig. 2, the horizontal axis
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data are held in the waveform generation section 18 for fornms which are the
same in phase and anplitude of the fundanental wave conp@ebmaryf2007each
waveform and by reading out the held data while anplifying the held data
for matching the input phase, anplitude. 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 inl et

pr essur e Tepresents amefatipmengle (hephapicakangleasfyrador s hardly raised. A graph (B)

inFig 5 ill %J@E&Smbﬁiqyﬁrﬁmwtﬂqgnfe%rage E%8e URAlr RNddsAbLTinkE eFSUre is
high and that .an_interior pressure is rapi rai sed. Both schematlcally

i | I ust r at@(Padedigndy apdivhep ﬁbﬁ%@%}rt@:é,q%a?fethﬁéamw%ewﬁﬁﬁef dhyhEbenot her .
tThe i nl tetav@fa@s $61g e, tll:iéliﬂoﬁir iPFeInsal @e@@n (hﬁtt@&hhﬁ&iyeﬂh&j’tlﬁde&?ﬂd@ﬁ&abf on f
e era oratl o er ure for a co r essor e or, an
condi 1 of? coRREPET I STnaller (o 0. BROTPEY tHGS R Beror i Fsrastsl SRt 1 o 11 ng
an -out pummquuetlpamgaram aceedaraigort WilkkRaveredsupe ecichHe weweede, inanpoany dowm
‘hecessary, ‘Gﬁé’?ﬁ gemeﬁ %%F&ow?ﬁﬁ% SR the HurbBinehRhi Hvta%la 2o %ﬁﬁe%t J?h di ssol ve

t hi s di sadvan a can be reduce
‘typi cal w®ogwae mvlefabwm will havenpr Swper whishais dllustratpd ﬁ!@r(CéaJ@h szn ﬂt of a
wavef or mdohk&;ueﬁﬁ} (@) cﬂafﬁgﬁiggthe%utﬁét tdrhiﬁ bof @he chotdd ﬁ' Ebve@ed Anase wifke

arrangenent can y mak Ing I np utti ng of the out] et g}rﬁessure

i nl et pr &&Pgste tg n@@cé‘*&dmﬂt#. gave qoglpaﬂeqﬂ @%tt.hP cargulary pegeleration

I Imljuz t r atfiritBne @ wa v R6inb6Hibn® bf theipbal cha@agmgrcahlbb ﬂw@@@amﬁaﬁsﬁﬁfllantf urt her
e odl nent cor to t resen I nventi on. contraQ 1.Ng

ooy oamghE ot M e e FRlo Rt sTRTE Ppporisnd b Ghe TDe R RE B e
snoot hensbtalive:d¥or ploveibtoni dubput texrymetdsiifigsteatad ém ¢BY in3Figc® nbhe rfusddrhental. - C

th I
tS go ACEB%VP@?IBSXK%E opéhgg%a'%ap %Eceﬁgaﬁ&vfthl Y%n!\%ngn 'IlélQYe?JrE et{l)le%dhe@lgn%%gfp | es
Furt her , isacarried ent imtheormplityie tadjiustmqnﬁ S@@Wﬁeﬂ@tf?écto b@tm;é(gmea@m puplitdeni nal s

of the C%@‘é%&ﬁf si?abﬂi'ig?s FREA o€ AR do! Wibr&RRGL Al dAfent Al I8 Corh PoHRANE §ies a

controlling section
the angular acceleratlon becomes 0.

Even when the phase of the output torque and the phase of the angular
acceleration are shifted from one the other to some degree due to the delay of any
sections, the fundamental wave component of the angular acceleration is controlled to
be 0 finally, because fundamental wave component of an angular acceleration due to
residual torque of the compressor éudal torque and the motor output torque is detected

and controlling is carried out for negating the defected fundamental wave component.

The fundamental wavé number component of the speed changing can be reduced by
such controlling, therefore vibration is effectively reduced. .

In the embodiment of Fig. 1, the fundamental wave component is overlapped to

the current command, however it is possible that 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 torgque 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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_energy to
is a di agleteriad dumentpior teree phaaﬁefa@d mmﬁs the detgettedverrp@mcferethr%e BhﬂSpeut A

~,

whi ch receives the voltage, current supplied to the notor 5 and the current
command as input, generates a voltage comand, and suppBiFebrutiie2000! t age
command to the inverter 4. The regeneration resistor 7 has an extrenely
great resistance value. The <controlling section 20 has an arrangenent
illustrated in Fig. 1, Fig. 4, for exanple. In usual, and in an inverter
possi bly generates regeneratlon a regeneration reS|stor I s provi ded for

consumi ng r egen®rtheiabave, essripten ppiytthy fupdamrpink wave 'F%“POBP’étv’érFE‘E&ftﬂfdr om’
occur r enCHowéatk, @ 16Q\@ﬂ@ﬂ%ﬁelthﬁnﬂlghél\/Gfdeﬁranghﬂmlﬂ&el&hﬁmdeﬁﬁlptﬁiéﬂd siph bbe DC

{pom Che SOl ARORE b SxtERstet o, agiion tp s P Emtel PRed SRR tang ThE
enpl oyeq dontiblimgswiay clie icarried omitd foat nega&eglm fooguet bigangibge ndnathioragegsi st or
for savi ng, eNeEAYeS @S n tRaiCRl Q&gﬁ»oﬁlﬁé‘b%?&%ﬁ%ﬁﬁc%dra%% Jﬁ!‘i%ossﬂmt% hen the

regeneratlon ope atron 1s carri eneration
oper at i ordirerzingr mpx|beyinergpseidedn dbe oflpr handgvibratignrawardseing Ahdén iemahge

~foll ow ngmﬁ%;eqctb& nlyeRd 'Pﬂ@&gﬁ tHd B?h&f orﬁ%ﬁn;ﬁﬁ@:{taﬂzeﬁne doRfrofing th@eptt iON i's

in the direction fromthe inverter he nbtor so that it is not true
that the ﬁé@llﬂd%etsaljéwfi@a%émpomq fr#gdwéfév%therréqmwrsaw%tlonrheref ore, the
inverter can |lmg l@i@ta Blédkvcﬁﬁgr‘émimué pENIR610Tet6RDE LeFHInQUT adw@alhplet h€he

t | ect th f th d
br ot dea BpteRaIRHEE *wPioRieRRro ¢ B hverding oo BRERE WeBresstie s lsea
agai n f ordetertek valiniges fog tivee phades ahdabiwetstthe dsizvied yolihgas divethredophased ect | ng
t he fege"iﬁf)a%lml}yé T §‘f:§’ pth:{)Q bEecMEJ Béowe%%&n (BQio8S 12[520 WS rde % “”pt | on

Nno regeneration resi s |g 8

current qamraﬁplan{té ?Jr%otﬂlaée%) al Jbu%g& dréd cAQMtH Ridliof 455 ?d?tca(chpdft ?4 o (B)

in Flg 8 for case that time _correction is carrle ar e
i |l ust rat"é’H‘agq rﬁh"FH guegto g wfv@nfeﬁs(tamaxﬁs oc fiFstefHbraston, seefion .1%, for

coordi nats&b&u&t@mh%aleﬁlatea vdﬂhger d¥op &dud €hS veMhges ot tdhoPhbSes; £H in@prhtigh Whi ch
e TSR Rl P AR -
and . & flux calculation section 126 for calculating a flux due to the g-axis inductance Lqg; a
. second subtraction section 127 for subtracting the calculated flux from the integration
result; a rotor position calculation section 128 for calculating & rotor position based
upon the subtraction result from the second subtraction section 127; and a differential
section 129 for calculating an angular speed by differentiating the rotor position.

A position detection section having another arrangement can also be employed.

Fig. 4 is a block diagram of a motor controlling apparatus of another
embodiment according to the present invention.

This motor controlling apparatus is different from the motor controlling
apparatus of Fig. 1 only in that an addition section 16’ is employed instead the
subtraction seetion 16, and a waveform generation section 18 is provided between the
amplitude adjustment section 15 and the addition section 16’.

 The waveform generation section 18 is previously set terque waveforms and a
phase of a fundamental wave of each torque waveform for each of outlet pressure, inlet
pressure of the compressor. The waveform generation section 18 oufputs a torque
waveform based upon instantaneous outlet pressure, inlet pressure, and the waveform

~ of the fundamental wave component from the amplitude adjustment section 15 so that a
phase of the fundamental wave component of the output waveform becomes a phase
which is reversed the phase from the amplitude adjustment seection 15 and that

amplitude of the fundamental wave component of the output waveform becomes the
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when no dead tine correction is carried out, a voltage becones not to be
applied due to the affection of the dead tinme as the cusrRbiuatozo0and
becomes snall er. Consequently, the waveformof (B) in Fig. 8 is observed
whi ch has obtained by clipping the command current in the vicinity of the
current. of 0. Wen the arrangenent having a current controlling section is
enpl oyed (refer to Fig. 1, Fig. 4 and the like, for exanple), a current is
proper | y %uHithes frem the smplitpdadiugtmenesestion 1bet Thie paxt teadidyibe eendizedbyand

and real dgau4 'éﬁa"‘ﬁel&@nttﬂ@-%aaéff)ﬁ?tgé&i‘amn &éaﬁoﬁqg%xtfo%s GAfkhRRe 180 Q4RE i OF S' ow
changi ng. for rapid changi ng such as about once or twce wthi

one rot atHhBFF a% PP%PE:‘F%“ t %f‘ﬁ*déa’i‘?ﬁtﬁl ise SproRenead farpach stavefiemygrdbnr m

becomes aeadingbat the hekLd«tBjwhile afriplifyiSy theWedditaifsr Maghh@RREnRME phikR,
controll :?ngp e?cﬁal on for canceling rotation speed changing due to periodic
| oad changi r@ y becone instable. Therefore, it is preferable that the
dead tine corr &d.ifois a diagmuny ilbdirating wivhangend conippastdri Ingd tlmanghiprfvednout . g
Lystrating a detailed arrangenment of the inverter. An

Fig. 9 | S
i nverter o%tlg%ree%%%lls?es is illustrated in Fig. 9. The dead tine is used
for carrying o#t gra@bn@r)dpl]f'lﬁg5stﬂuﬁsat% tengreichgngihe fomprasothafuan deta dead

time int grasghredkhEn ahhechwaﬁlm&ﬂmesgu@m hétly f%ﬁseﬂn ﬁ%réﬂha(tB)Tﬁh%y - for

carrying, %ft SW tChIe\ﬁ% hase never _turni ng t aneous for
exanpl e. HYFEAEFPEID éﬁBlPﬁ éwé%i that gn iplofrpresspge ISahagh #rdbhahpn ftprior pe
made, twordssaRsikShpidly babdd) Buthn@UebficdIR illubirgtel A& that oultiVPéQfuresd di 0de
connect ed mgatalle vmthT Is turned on, if the current 1s flow ng

t owards the" epane Phone apdthes Fop ary 2007 interval, for exanpl e. |
Consequent |y, &he esleit priessupiyt eitiet dpraksved dan bé’l&:sﬁﬁﬁﬁadtbytd’labndbhsatidme resul ¢

for a Ca%&nﬂ%el}%ug ueva:pgrattftdﬁr};glqﬁverl%rg}blt Qecg&g)%srsé‘{ Ysed {ort 0 bd ﬁﬁ [ ows

from the dée connec para B with
Tu+ is tG‘hﬁ@ﬁ)r@mwumﬁm@b@olhmndmﬂp@hzed(bbrtcageolbegns ou@ub@oxuhapgwm nits
appear ang&in %Setpp&,sﬁ,t@nge in voltage due to the dead tinme can be
suppressed thening the interval for connectlng to + when the
current fl ows Wg FATRHERE QD RESPS AR drpdrplabr becomise sxiremely greah for  thisgt heni ng

t he i nt ecasdl Todisedrngdid dikgivhdtage Whe Bmbhiet GlatLedn Bd @WGcell b9 Bhidiging a
. typical torque waveform of a compressor as an average for each point of a waveform like
(AXB) in Fig. b, as illustrated in Fig. 6. Also, the arrangement can be simplified by
making inputting of the outlet pressure, inlet pressure unnecessary.
- Fig. 7 is an electric circuitry diagram illustrating a main section of a motor
controlling apparatus of a further embodiment according to the present invention.
This motor controlling apparatus supplies AC power 1 to a converler 2 so as to obtain
DC power, smoothens the DC power With a smoothing condenser 3, converts the o
smoothened DC power into another AC power with an inverter 4, and supplies the AC
power to a motor 5. And, a compressor 6 is driven by the motor 5. Further, a
regeneration resistor 7 is connected between output terminals of the converter 2,

The motor controlling apparatus further comprises a controlling section 20
which receives the voltage, current supplied to the motor 5 and the current command as
input, generates a voltage command, and supplies the voltage command to the inverter
4. The regeneration resistor 7 has an exiremely great resistance value. The
contrelling 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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motor. Fig. 10 is a block diagramillustrating a notor controlling
apparatus of a further enbodi ment according to the pregemebtuamerdo7on. This
notor controlling apparatus is different fromthe notor 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
anplitude_ad| u nt section 15 controll ed based upon the output fromthe
peak cur r’é‘ﬁ]iojr'c (S)Etd’tr‘r'ﬁ'tﬂr’l Ao fgrangeppRfmaybe “F‘Epl"%"rflptihﬁ%ﬂnfcg’slf BEpideddn SRS R ude

adj ust menthe yegdniepatiohTresiditoe fppealinguedeegit s« adtd @lnhedghs egdehantibd regéitect s a
peak val r .eurrent. and outputs a command for suppressing
anpl i tud20%\}\#%%&;‘]&%qgé%fﬁa&otﬂé:ﬁ%fa%lao T HETe g‘étk val ue exceeds, a val ue which

i s previously dén éherpiher] hbyd,tvakdontegehmratiomiop@dtion s patinllpfeatrivd dutvfer t er or
ot or i Nt:aGAAPHARKG! R0 cilliRe WTRNAY G AL 1438 URDe SRS bR avf8G] VES an
anpl i tude supgg?eﬁilo.n ﬁcorcrrrﬁ%a, an %grrnl?&gés out p Sbessf}fr)\l;gb .fc_)rayfoggdri ng the
gai n by ri@heRA agatien g iy shedirestion dropythe igEerierie fhe mofes o thet it it aejrtates on

val ue i Ngheethe!IE vél0ak ii7kd risfify ERItD tR rdgbhdrifid® THORYREthe Bdlektér Bah t he
i ntegrati g onent of the

on and.the like so that the fundanental wave cor
angul ar &’83‘&?€€’&¥‘1%W“b°é’$8ﬂ%’§y E)QHS‘I‘H’QF‘@?gP‘éFO SeHRFFEAR AISHLORRRRIORIMhonent
of the amgletidng tiecelpetityt éfcdhe nendehserbonided @t thaulinput offthe diestep.OSHi, Bhee t hat
t he peak r [ se the . amplitude of t.he current comrand
becoPres 3 %nlegérgonapﬁo EI e?ﬁsg%%& ﬁga%(hﬂg?ro?m%og %flé'b”t%p 04 %‘é reaﬁrz? bgansaﬁntghoefgmc’ffﬁ rent

whi ch i s byewelkestingthe regenerpiiah resistoh@ to bervery gepat (rorag e meke thecconmuepticr

devi ce OlenBRLQh he iy Qhiif %ﬂé@; O[q'gvidi arﬁrrggénegﬁwn%éstgf. motor with small

.current capaci ftFy can be 5 d so t creasing I'n cost can be realized.
Fig. 11 is a difagedma dirgramrilinstagfingd memefor Frhen dsnesrliits torgiedadutiter t he
cli ppi ng.A Aurfent cQiinah® FORAth WRHERR! 81 dHdl Rpdt QuirbS: erbNBi(BLini Mg id) k4%t r at ed
as (A inFig. 11 nd a current command waveform after_the Clipping is
i |1 ustraf®¥ %’ét (”B)def"& e corregiion tsyearpled joyh ate illppfirateds, Jor BignPy & cureehy ef or m
whi ch. i s (pbtiaicament)ypnap@latinyocosrdingn alstb@rwhich is determined its axis in q-axis
directiqn 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 is 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 Tut on so that Tut, Tu- for carrying out switching for w-phase never turning on
simultaneously, for example. Therefore, when there exist a2 dead time, an interval will
be made, two transistors being turned off for this interval. However, a diode connected

in parallel with Tu- is turned on, if the current is flowing towards the motor for the
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renovi ng periodic torque changing to the current command. The processing
for obtaining the current command deformed into a for miaiHebrdaey@o07peak
current obtained 18 13 February 2007 by clipping can be realized in the
anpl i tude adjustnment section, for exanple. Wien the waveformof (A) in Fig.
11 becones further greater and reaches the peak current determ ned val ue,
the peak current is reduced by clipping the current comand. For this
case, theintarenlafe exomplee Censequantbyda aewdlitihebimpeddviich isolhesenieth timt of he

average CgNelrgfifit fof aK:%EE 1 'I‘ut is iﬁrné[ﬂﬁ{ ety ﬁe cbﬁt Q&Cﬂ The clﬂg&ﬁzllgmlw?s fdapt the

t
peak current 1s reduces while the average 'S mai ntain
i ncr easi rigetRAeoR et thecinyerion adBﬁdPamn%deﬁl B%llaﬂgl vith %e‘éd“@tﬁdtqﬂol l'i ng

| oop and Thieely, ke uiphtBMIEA fbindGo b@@haﬁéeﬂ@:ﬂ’itﬁgpf)é&rr&ﬂ%r S4,hé Bigedse, a
fundanenta wave congpngnt can be greater in equiyval ence than t hat

ut
in the abdWase g o t7d B F%gs ugpaeaf%ﬁsbvédengq%%ﬁpe tihteryad rigtie
changi ng canpectingftor wissal thyuagrehhﬂofvum@bwmmlael méEY &ind GFIRAIEWM of ollputyhi | e

TGSt ar b RE AR SRR SR abin ot vaen P e s dr R

accor di nguetor.t he present |nvent|on This nmotor controlling apparatus is

di fferent fromFtlQeldrﬂ‘it Qrbjl_g%n E# st@a@ﬂ ré’i 301'0 on%%o%inlgéc%{yrst tzpat an

error reduction section OF Chet Ves t e out put
f rom t he farippY eaknrdiment pseording t%ﬂtﬁtl?rewnwlveah@ that a position detection

section 12' comtyiolnl ek bﬁﬁﬁodhﬁgo%pm&soag Ritfor&xltOFbfal Bh e i oRér e&ﬂmﬁﬁgon
section I S 'ggplo e teada%&e position detection section 12.7 The

error recfl?@’f“fa(ﬁ?ls thaka peqsy prenh sanjroffingsertiontf ﬁﬁ'&i‘ih?‘lﬂi@“éﬁd
tor que chwehigh mg:eﬁﬁﬁlﬂ]ilih dafectﬁdme.:mmr eﬁ@ Qhaf. mdm@ﬁmrﬁﬁuéthﬁnf eéauieg 18hangi ngl
anount thi,s getermin 0 as to o rgection
comand, “Pafeladhddda’ dbof B8 Gl fm B ool riTentcroblo e fispfudBlisy |
r esponse emplayed 11L9qeaddhe emhmde@dmmmt seetinoh JBut puts a rotor position,

angul ar_speed Wb ok MErbRE LARMANNL ectlof 174G & gaikgva%c? dr$h@ o0 am
illustrating changing in ang ror for a case
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

o

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 currént 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 signal 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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o,

g-axi s inductance Lg of the nmotor 5 is smaller by 10 %than Lgq determ ned
in the position detection section 12, in the position detRbiiagn2@gcti on 12
of Fig. 3. Inthis figure, a case is illustrated that |load is gradually

i ncreased fol | ow ng.passage of time. As is understood fromthis figure, an
estimated angle is delaying followng the increase of load. Fig. 14
illustrates schematic waveforms of each section when the conpressor 6

havi ng r delippingsar 8¢ grdizedirige sgpligrdeadismenfeseptitra forsrameledr i ven by
changi ng the wh@uthet@mﬂﬂmta (Apid Ffrghm bé&rafhes haﬂgarrggemﬂ 41l debiétis BRS1 ti ON

detection section

2, no_er Pt
i ncr easedP*PBITEHRFh Etteﬁ'éunieﬁc Pi'é?séﬁ? Ret 5‘8’1’%{’8&8‘1‘%"83 bg'ﬁ"talﬁ’%’t“ﬁet Fg:f’ﬁ‘i"ue ’Ifllgn speed
c ha? % )es_ rotaniamd. gf‘eaﬂixisa:rade tthahvaagfg:mlmns ﬂmlteaéd aml terspbel is bevenédwhed (refer
to | | > ,
section 1 gagﬁre%gtcg#égﬁq%%r%t X\p;‘tnlr% n'tljis1 ﬁ’?%c% beI',Ji&? f(’%élueoﬁl[ E%(?ﬁ%ér]ggse in
out put t cwepeat issredubest white thehgvdrage méllﬁmm@meérhyomcmasmg phageeragd ch i s

‘the sane ch?rehf'@&mﬁ&n& Qﬁlug%{}iétthets%%nﬁ@ﬁngh@@ ANEHRANGY! Ala RCEEIyRIAL T ON 'S

. observed to be great for a section where

February 200 torque is

great (remérelippinggjrtharrilg, thinyaseagqfundprgents) figge éﬁ&lﬁgﬁ% 28 heapytpwd out

which is gredigd Lif eqhiR@BndenthadChidf |1n rms QB&SA Yask GhalheD S plikhle tif @dfudedUe
base on..t.hi t he ot hand,

control li rrled out, i nf or mat.i.on. e
Coe L o quUESehE A e S Siing P DR nE e nfa enam%vm%wﬁb?@x. mt el y
by the coﬂﬁlerk.eepmgmhe)f)eaﬂmarxfenmxﬂmmlaxﬁed Therefore, it is wunderstood that

oot e MR 8 BB haP A0 R Si Bk 30

actual notor ue c Sor
magni t uddugher Etrlﬂ@dmmq:mcm*ﬂalﬂgoﬁgamtqnmnmnbmt he controlling are corrpar ed

wi th one anot h‘fﬂiusa%toﬁ"’@@d}r&ﬂﬁg ta‘i}b%@usc liba'&ﬁi‘éﬁgntaﬁ’athnﬁ;heokﬁo%ﬁ ot Qiidahe

controlling is snaller. Therefore, correction comand 1S output by

conpar i nGPBeRAIS S Figd onéwalrf@ﬁhgl wmﬂgctm seefiongl9pds furwr eravisied déahi on 19
in Fig. Jraoenaacthsomﬁﬁtfr@ﬂ 8k defplitide hBRsRRSIt tdebtibnd 8, 061d fHat Saeﬁdsitﬂﬁl 12' can .

nggs 2:, ! giiegﬁcpgﬂ sélctlon '?12’6 rogn?rgllede l?ase Iugcr)]n {;hrcla oliﬁplﬂaﬁoxg %ﬁgerggrsl%ﬁ{l&%g sgc 100’
19, is employed 1nstead the position detection section 12. '

The error reduction section 19 has a previodsly determined magnitude of a
torgue 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 Lqg, for example.

Fig. 13 is a diagram illustrating changing in angular error for a case that the
g-axis inductance Lq of the motor 5 is smaller by 10 % than Lgq 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
ofload. 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 spe.ed 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
section 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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operation is carried out for the position detection section in Fig. 3, for
exanpl e, when error exists in other instrument constantl3 Febfiafns2@f7 the |
current -detector and voltage detector, therefore error reduction for those
can be carried out wth simlar manner. \Wen error i's generated in '
mul tiple paraneters, respective error cannot be reduced. However, the
position detection error generated as a result of those can be reduced by

adj ust i ngtorgue if greag jrafep ke(B) ByBig. idlenAnd,gbe tarqurchdegieg is canriskattivdrich is

enpl oyed ghhwer thB@bhd AdhalHecddsSry t3rquelHacie YRY mrhﬂe Hnrotfly i€ | b odeet Ween

a sign of a 905|thn_detecilon érror generated | response to output

torque anbPsgdEPemthisinggrmadiops a parameter. Therefore, the error of the

parameter can benragusRér Ushd)Othe"Rr&Q ERARinL Bmolih of 1Re icimBrdibdcl i agram
of a notor controlling, aéﬁ;gls}rat s of a further enbodinent according to the

present i F/ERTPEH 2P d¥ ths fergrestieg egbacanptessar & herefere, £ridm t he
not or  conanderdtocigthas fjasedtin ﬁh@ Ipbgiti?m déﬂgaﬂiorﬁﬂecﬁbﬂi Qe i etidérd (HANSBE of 8 19’
‘receivin omthe .a i tude j ust nent secgtion 15, the
det ect edg%c&lr;hrqe]ﬁr)#?lpg}ﬁ%“ CeloLE d?%ﬁ%&%&@&“ ngl tﬁ‘ﬁﬁ?‘ﬁi}’@ﬁs"f S a?‘?i@l‘@r"lf or
reduct i orthg dendueFhasging hutpat fiom tledentiolingseetcompakd’ with ope eubthes hyd s et
DSt Pr opghen! 1Ak YokGué dihmduidt btpul rofSRR ISR rd1fn F@%m%ﬂg}." ar speed,

a(ﬂ ustment conmanh

current, and outputs a paraneter . SO as$ to nmke a torque
" changi ng rati o Hhsrefere: Hee Larequrectisratrgimend dt petpobbyicompatiop dotle terque he
angul ar  sfhefging GiouBRLin thDerioP AtueANSiction 2b ih 1. A2 o3 Metifn bAL.ESL er i ned
al nost dq;g to.the cc;)tnstruct ion of the conpressor. However, the I o0ad
changi ng 8¢ PPTidoR dstpstivnsglion F2ccandigapglisdddependi ng upon the exterior
condition, as iOdlyshe ared dedudtiog. in5Lq ReRUBdenOdestibedt Rerep @oWhveR Nsifl@heCct i on t
error wt r. n rried out, accordi ngl y.changing .20 13
February o@g%%%ﬂtxﬁgé'rp‘égc? u(E:) °§ﬁt§f* Ramg%l :é%ﬂeﬁté‘f%‘becgﬂég? #gogn@f %ﬂgglﬁcﬁh%&
current, ezreguexists Fpeiddr ibiratmeng constingspgring pbhedetrent idetectr raad witagbe
reduced aRgbcldeimPieid GhANSHERI0EHDr BB cEY 93 GFied 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. 16 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 COINPressor, Howevei', 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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from qccurrence by adjusting paraneter of the position detection section
12' so as to nmmke a torque changing ratio to be the torigubahanziorg ratio
set to the angul ar speed, «current. The invention of claim1 has
characteristic effect such that stability can be inproved and decrease in
cost can be realized, when the voltage, current is controlled so as to

suppress the speed .changi ng dye to |oad torque changi ng. The_invention of
claim?2 H%'s’? &ﬁa’e&ies ratq psing ﬁ@dfﬁ%glaeﬁort frich ag qpurentapgulagpeed Thatisi ed out

for out puttipegitian detectier eirof cuichavirdduc@l el tHe spapd chdifihgSianaR fridtented

fundanmental wave. conponent ,.of angul.ar celeratipn still .renumjins en an
out put oy TEEreRS B st ERLARCIPt o e poRttion elertion sestioR T 8 pe For
cancel i ngutkeea fargaashemgilg ratiavebe treponpeichafgispedih ©hanghernggulandpdeiat an
out put tcguf;llégt_becorres stable with anplitude for determ ning the
fundanment al wave conponent of the angular acceleration to be 0, then the
.effect simlar to that of claim1 can be realized. The invention of claim3

“has the effect 1geNhldfioh®flcidin OhatlcRhfketbri@fic SHétt Much tHARStANING dalnO Of
claim4 has characgteristic effect such that an accurate controlljng

cor r esporfBiPRYYet g0 Aeeredse iR eost Famis 1aleednwhen thervoltage, yrentagepntglied e of f ect
sihm' | ar tastb E’l@iprﬁs thé ﬂﬂeﬁﬂlahﬂf}gilﬁ‘d @aiermoZoad'Ebﬁ;uierdumgtiﬁgln of claim5 haz
characteristic .ect .such .that .an accurate ontr i hg,.cqrrespondi ng to
The tor que chanBrigpaRs SLubs eyl REGHERN s e bl Pithal P EmERR G | o,
to that chrniddaiont Hooroutpwting 2an Tawepuinvegte omitlof grebtar nmmbplitade cdivece atiteer i sti c
effect s t f e 1.1 1] tion
beconss. tiaitall Beve tfibflont (¥ e scct BN AP RAS W08 LB

(vol t age deage with dterlipude isineh obtainedovhitheissuffisivat firicarrelingthetfhndamenpilng

pover CaRyAg chRphheh bt Riedd! éHaingindd ahd $hAtSHE BRIDAL 1QGud BYBMeR Stabld Gl t. The
I nvention of claim 7 has characteristic effect such that voltage changi ng

due to t RNy tfrmedetermpipioss by vadamgentah wiigs comeonsnt ool the nineyiart o t hat
of cl ai MaGeelerdiién foead) theaithe kffedt *iniil=F thdisatGh LRSI @4 BS Fealigddf ect such t hat

det er 1NN N i SBtn SADAE! 1 .o DR RS B OFtbllE MRS 57 10 P
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
simijlar to that of claim 1 or elaim 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 cutput 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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all so that decrease in cost can be realized. The invention of claim9 has
the effect simlar to that of claim8 by reducing the ansHebiuagie2007 t he

out put torque changing. The invention of claim 10 has the effect simlar to
that of claim8 by changing the waveformof the current, voltage or torque
command into a formhaving a | ower peak current with respect to the
average current. 21 13 February 2007 The invention of claim 11l has the

ef fect sim | ar Rbginveatiogpof eeim b hes thyeifedtiraiiar tothafof coim A0.12 has

characteri sti ¢ TobfigedntinCdt ddat 14 hes aReakasHtid ffect Q&cﬁ;thgp?ﬂ.e{ Acd@radf it 1 On

can be inproved, and the inprqovenment in controlling of a notor 1I’s
r eal i zed. FOPRETHIRATIPEHPIFAD e AmATorSd.Rpd the HRBROYRIRFI R contTolling ofuedtox hat t he

reduct i oris edalizédie affection of the error can be realized with accuracy, and

has the effect ,gsimlar, to,that f claiml12.. T i nvention of cl.aim 14 has
the effect si mr‘[lsnﬁrm‘f%'t’toﬁa‘{f c@l‘m&s}%ci’ﬁrag}er@i’ﬁiegﬁg‘itss“%@%ﬂéd;ﬂﬁﬁ%‘]rilcflﬁ’é"’E or que
ri ppl e. Theaffevtiemdf idve eofor chiabewebbzdiasith heuedcyenid s thd &fect Gmilbato thht cl ai m
14 based he torque ripple ratio with respect to an average torque.

; of Qi 1%. \ N . .
The invention of claim 16 has the effect simlar to that of claim14 in
cor r espondence The inventien eficlaim Ebhali the@ffectimilantecthnt ofvlam 12 aidaik7idhas

char act etyagdd dpof th&fdrqediAppibhat stability can be inproved and decrease in
cost can be reg@ized,_mhen the voltage, current is controlled so as to

suppress the spadipvenrtingrhdaiguls hes thg sfeetsimiler orihalgefiripimiddased womm on of
cl ai m 18 thamrghaifié aitickits rhbReb of Uedtahd@kqad] Ust Tent can be carried out

R T I URTE A R N
out put  toweppendenchiwitbgthe buige cimlitirat obt ai ned which is sufficient for
e r oo CHOSRRALR or AN 37 SATRRRAREerBlic 3ES Lul AR Db o2t 2"
' 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 a
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

“effoct 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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anplitude for determning the fundamental wave conmponent of the angul ar
accel ‘eration to be 0 so that the effect similar to that 18fFcbhaby2dy7 can be
reali zed. The invention of claim19 has the effect simlar to that of claim
17 or claim18. The invention of claim 20 has characteristic effect such
that an accurate controlli ng correspondi ng to the torque changi ng can be

carried o S the effec that of cla or m 18.
The i nven‘%ﬂ]&%er?%ogp aQ% A’ %erﬁg?c%shoafr%ié%tngreftg ﬁ’c f’ate cap amh" 't tltlaot; need% urate

cont rol | i elksocthat @pwdnm@stmtme'ealmwue changi ng can easily be carrl ed out,

and has the effiecCh vehtfbnl & cihith bgﬂaalﬁfes Qh@'eﬂ}]c]: laIC#oa{hg]: 1)? claTxQeZiL- ention

of claim 22 has characteristic effect such | ow of power or the
aver age ietlpiing thecmplitads ¢fithe ertgnetorauachppgingt ovvar ds the motor fromthe

inverter t so t hatho?tlheermn\w tlaftt @6 dOAHe e &lﬁ@pmﬁiﬂ%r ﬁgtélﬂl!slﬁf $18ind t@«fcan be
regeneratio savj n owel ca e realiz utilizing the
regener at'® 6122983%9?1131151(95%}1& {9 ‘ﬁ?\lé ARPEFiE: Bﬁt"(ﬁP OF |ogaKe QQ'DFF&EH into a

-char act erfbat havief fadevergieak cidredt wich i-e%gaztchﬁfagalvﬁgtge duerito t he dead tine can

be suppressed, nd has. t he .ef | ai The

i nvenltoloon of cllgll Mo %’ﬁagF%ﬁlargﬁ'%srﬁh |%°t§’fl?%3€t O%Iﬁa t?f'if:l g%et ernining the
22 13 February 'ﬂ@dﬁvgubmnmémlalmaaﬁah%tgllaodctMrefﬁeA/swhShatftlmmcunamem er to
be great %to@gggﬁbﬁ Hetb&iddQhn @ngﬂﬁggga an@lthe %&ﬁt@te@?%&%ﬁ%ﬁﬂﬁﬁ%&m an be

realized Invention o ‘reall zes sim’lar to that of
cl ai m 24 ipyealigedjuci ng t he anplitude of the output torque changi ng. The

i nvention of C|meffh3e@1tlhﬁ%kbﬁﬁﬁ 2@%&%&%&::&&%&@& shiéh Eﬂlﬁtth&fedhbﬁbﬁrb?‘l can

'be realized_ b ng the waveform of the. current, vol tage or torque
command it ?Bﬁ%tXl“PB ﬁt% 5’8’?" til

fiep b Teglhesd it RecutacyARe has Hp aliseh sy
aver age ofielafn28. The i nventi on of claim 27 has the effect sim I ar to that
of claim26. The inveptio h har ctepi ct suchthat
t he accur acy i ﬁ%ei’ln‘{e(l)lrwn 8@%1 I on e{nect | %e g E?T%ngfegal §§
i mpr oven@ftbaged wntth@tdrqm}l'imflea nmot or
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 tofque.

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

correspondence with the outer condition,

e
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is realized. The invention of claim?29 has characteristic effect such that
the reduction of the affection of the error can be realli3Zebriviry DOGTCcuUr acy,
and has the effect similar to that of claim28. The invention of claim30
realizes the effect simlar to that of claim28 or claim 29 based upon the
torque ripple The invention of claim31 realizes the effect simlar to that
of claim 30 based upon the torque ripple ratio wth respect to an average
torque. The invention of claim32 realizes the effect simlar to that of
claim30 in correspondence with the outer condition. 23 13 February 2007
Clains: 1. A notor controlling method for controlling a voltage or current
applied to a notor for driving periodical |oad so as to suppress change in
angularc%ﬁﬁ%d of the notor, the method conprising the steps of: Detecting
at | east a fundanmental wave conponent of an angul ar accel eration; and
Control i ng t.he valniohgeomiolliay ide®bd foa paltioRidg b Ooltageontiredt afliecd® 4 Motokefber m ne

a phase wave Cc onent .of out put tor e nearly
teversed W?%%eméjvl a?ﬁngés‘ﬁé%fu"f’%ss Cﬁg%a Fhagdape E%F&??Eﬂﬁ %?5@ ‘%é’{}l@“%ponent
of the de&ewnﬂﬁ angul ar acceleration. 2. A notor controlling nmethod as set

forth in claj Q?eé]tfngwpg sl;eel ﬂn&%l‘xtaltwav ccgt{;lpc}ng%ofom atlraE:(Qe galltllgnl hd controlled so

that the fun wave comnponent € ‘angu acceler'ation becones 0.
3. A notor, EenitoHipk|thngpolaet b:odmast applied rthé mqtprcsba:srw Hetgmind aiphasg, ofwher ei n

at |eas tfungg}gemgfwaq,g cQﬁ{L@{éLt gpg,‘;tﬁgqorﬁgnggé n‘%‘?,’l M Eised %ﬂ% 3%@&0:?‘713@}613 o

consists of a sum of rect c and‘a nt a
conponephase of thefupdamsptalwsve cesnpanay ofithe Wefect ng@@r aﬁ@ﬂlwwonn claim1 or claim

2, wherein the NMOAQhothScdatrolfRb Qﬁetﬁoqrasdsret Y 0inPl GIP! §RSAh anflifhdl € (Ut put
voI tage, current, or torque command Is forned in
output torque 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 is a
motor for driving a compressor, and the output voltage, current, or torque command is formed in
correspondence with a torque changing waveform of the compressor.

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

- a typical torque changing waveform of the compressor.
6. A motor controlling apparatus for controlling a voltage or current applied to a motor
* for driving periodical load so as to suppress change in angular speed of the motor, the apparatus
comprising:

Control means for detecting at least a fundamental wave.component of an angular
acceleration, and controlling the voltage or current applied to the motor so as to determine a phase of
a fundamental wave component of output torque to be nearly reversed phase with respect to the phase
of the fundamental wave component of the detected angular acceleration.

7. A motor controlling apparatus as set forth in claim 6, wherein the control means

- controls amplitude of the output torque so that the fundamental wave component of the angular

acceleration becomes 0.
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correspondence with a torque changi ng waveform of the conpressor. 5. A
motor controlling nmethod as set forth in claiml or clairBPsbnvdige@m the
notor is a notor for driving a conpressor, and the output voltage,
current, or torque command is fornmed to fit a typical torque changing
wavef orm of the conpressor. 6. A notor controlling apparatus for
controlling a voltage or current applied to a notor for driving periodical
| oad so as to suppress change in angul ar speed of the notor, the apparatus
conprising: Control means for detecting at |east a fundanental wave.
conponent of an angul ar acceleration, and controlling the voltage or

current applged tR 1i6r BRHQiiRCRArd® HekLiFiNG daiRD8%E Bim 2 WhbRsapent al
wave conponent of output torque to be nearly reversed phase with respect to

t he phas@trolphennhemplons dairiun consistin ol acumebadhtct spreheonnopat prdke BRdNeaR

accel er ahldddmpdnentad Wiedt ofcUFh Blipit ROl AR Hfre@Sard@brqhdolhabd Cl ai m 6,
wherein the control nmeans controls anplitude of the output torque so that

the fundanental wAVECRGLIPGHEHE PPataks angufost inglaim ePariath 7o¥edrBdD. 24
13 Febr watoy i¥@0dotorSfor AriviRg QI coGPrtssod] dddNe AR Blebts @Spl&Bta Taid Porined & ai m 6
or claim7, %@erein}}he cont.rol. neans ean0ﬁs a value co sistipglgf a sum
of a di FEETPRUPIEMIICR paKerienang “4 PO atfeht SPPRSRPE 28 HpSHRARL YoIH8

| east op@raf, @norqué guimavdl t age, out put current, and torque conmand. 9. A
motor .contr Oi(é ! N9A 3RS g;[nlflr%ll?ns ase%ra{uosre}sgeé H}rt%l 'gic ailelsl &h gllaarril ther\ém?ﬁ ein the
motor is a nmotor foroariVing & Coapressor: Cand e cont o™ nedns enﬁioys a
val ue f owtved a motocior dredygonaerpomson dnll the contral umamsteanpliya g vabre dfroredrtasuittahe

Contr of PPar Snbir ALY b 3F e R RL ec e bR BIEGTRAR, o gl ™1

nmot or i sommangt or for driving a conpressor, and the control means enploys a
value fornmed to suit a typical torque changi ng waveform of the conpressor
as the output voltage, current, or torque conmand. 25
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