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out put fr ﬁhiagxl nverter to the notor. For detecting phase currents of a
not or, i ng nmet hods are proposed. (1) A nethod for detecting a
phase current using a DC current transforner; and (2) A nethod for
detecting a phase current based upon a voltage 2 between termnals of a
shunt resistor. A dlsadvantage arises in that the notor driving apparatus

i s incredbechnicalcdBield n its entirety because the DC current transforner is
expensive, when the nmethod (1) is enployed. Wien the nmethod (2) is

enpl oyed, a pulFhevwpritderteinvention relates thian plepsedurgenpadetidetioni vi ng
conditio t measurenent error in phase current becones greater.
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di sadvantapplied «anrdi orhaarayungreut daveen ncoB gheropnsdudne to the
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rotation, the portion mhereggu | se width is thin is expanded and is
generated continuously with respect to a portion as a center where phase
voltages are adjacent. D sclosure of the Invention The present invention
was made 4 | e the above problens. It is an object of the present
inventionkpggg%g?ﬁ%e a phase 3 current detection method, inverter control
met hod, not or ntrol, met hod .and a us for. garr out .t hese net hods
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adjustln pl i ed by adding positive or reversed voltage in
response (4 g??hgéﬁﬁéﬁ%lred duty has a small value. A phase current
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motor bas ép&eﬁlt% etestiBe 2 phase, Sk aiving, 4 Plecsbefiby and
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nmotor driving apparatus for driving a notor by supplying outputs froma PW
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voltage to be applied by varying a pul se application |ntervaI in response
to a fact that a desired duty has a small value. A phase current detection
met hod of claim3 is a nethod which detects a DC |ink current and
cal cul ates a phase current of a notor, which nethod is included in a notor
driving apparatus for driving a notor by supplying outputs froma PW
inverter to the notor, the nmethod conprises the steps of, judgi ng whether
or not current detectlon IS possrble durlng the dead tlne and carrylng out
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4 current corresponding to a voltage vector is observed through a shunt
resistor. A phase current detection nethod of claim5 is a nmethod which
sanpl es the current at the center of azperi od when a voltage vector is

out put. A phase current detection nethod of claim6 is a nmethod which
sanples the current at the center of a period which is a period obtained by
renovi ng a period for hardware becom ng stable starting of the period when
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carrier E@§#9§;?&he£%%§é%&¢g¥?x%'et ection apparatus of gl aiml4 is an
apparatus whic etects hase curren f a notor pased uppn DC |ink
current and a Sl ap‘é‘?ﬁ@%ﬁ ]tsoe’f)tg%ﬁiy %Wa%ﬁgm%ﬁw&m%p@reg%ﬂenm ni num
pul se wi dhie pbrtibnapwhiereuspulse netidtled is nthinotier espanded appat aiyis for

driving i u s . fr i ter h r, the
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by addi ngvhesetphasevoltages erevadjagpnti.n response to a fact that a desired
duty has a small val ue. 6 A phase current detection apparatus of claim15
is an apparatus which detects a phase current of a notor based upon a DC
link current and a vector pattern to be applied and which restricts the

m ni mum Pi{sdovi1ge of tHE ThvapRas@t us 1s included in a notor driving
apparatus for driving a notor by supplying outputs froma PW inverter to

the motor, {he PROL2LYSNECIRIEAEDN AFhUSThABLTRANSIbRF GHlithe! idifovie VOI L age
to be appli by vatfying a pulse application interval in response to a fact
that a dd¥iM®¥E€IdBty has a small value. A phase current detection apparatus
of claim16 is _an . apparatus which detects a DC Iink current and

cal cul ates a pH4sis anr objacto6f sheopresenhiiniveaipen diouprovidec please n a
notor driving apparatus for driving a notor by supplying outputs froma PW
inverter to the notor, the apparatus conprises, current detection means for
j udgi ng whet her or not current detection is possible during the dead tine,
and for carrying out current detection in response to the judgenent result
representing that current detection is possible. A phase current detection
apparatus of claim 17 is an apparatus which enploys neans for sanpling the
current at the center of a period when a current corresponding to a voltage
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7 shunt resistor, fromthe period when a current corresponding to a voltage
vector is observed t hrough the shunt resistor, as the current detection
means. A phase current detection apparhtus of claim?20 is an apparatus

whi ch enpl oys neans for sanpling the current at a timng which has passed a
response tinme fromthe starting of the period in response to the fact that
sanpling at the center of the period is |np055|ble due to the restriction
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driving a notor suppl yi ng out roma PWM inverter to the notor, the
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upon t he dead timierané suIt A phase current detection nethod of claim?28 is
a nmet hod which enploys a gate-pulse width as the pul se width. A phase
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en curr [ . rent owi ng direction an
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varying in output vector, and varies the m ni num gate-pul se wi dth based
upon the estimation result. A phase current detection nethod of claim3l is
a met hod which determ nes a response tine in correspondence with the

swi tching devices constituting the PWM inverter, and varies the m ni num
gate-pul se width to match the sw tching devices which cause current

varying. A phase current detection nmethod of claim32 is a nmethod which
eetimates theidirection of the eurrent fromthe phase information of_the



A phase current detection nethod of claim34 is a nethod which changes the
processing for estimating the direction of the current fromthe phase
informati on of the current and the protessing for estimating the direction
of the current fromthe sequence of the current values, in response with
the rotation speed of the notor. A phase current detection nethod of claim
35 is a nethod 10 which applies pulse width restriction to the vector

out put period excluding the dead tinmg, in response with the.fact .that the
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appl i ed, vwltdagentectos i3 emtputbased upon the cal cul ated notor vol tage and
t he detected phase current, the nethod conprises the step of, controlling
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current &OIRPI HSYEP @hd for varying the minimum pul se wi dth based
upon the estimation result. A phase current detection apparatus of claim44
i's an apestinaiing arcwmeny fromablepast guzuent i vajudselpaEspONFeeto t he
current appepic BRat i Bpplidd Vd1pabk et i8Ntod kR DSodcaGirentiaad the
vector pattern ,to be output, and for determning the gate-pulse wdth so

t hat the @HE€at ed peri od becones the nini mum vector output period for
current detection _on the DC link, as the mni pul se wi dth varyi ng neans.
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for estimating the direction of the current fromthe phase informtion of
the current, as the mninum pul se width varying neans. A phase current
detection apparatus of claim48 is an apparatus which enpl oys nmeans for
estimating the direction of the current fromthe sequence of the current
val ues, as the m ni num pul se wi dth varyi ng neans. A phase current detection
apparatus of claim49 is an apparatus which enpl oys neans for changing the
processing for estimating the direction of the current fromthe phase
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A nmotor controlling apparatus of claim52 is an apparatus which cal cul ates
a notor voltage froma DC |ink voltage and a gate-pulse width, detects a
phase current froma DC link current and a vector pattern to be applied,
and for calculating controlling a notor based upon the cal cul at ed notor
vol tage and the detected phase current, the apparatus conprises, notor

vol tage control means for controlling the DC link voltage to be higher or

| ower in response . wth either_condition of the voltage, 13 reqwied by the
motor i s GWEAT odeteGlpn r ¥abhaet iwsing Aanevrresht eatimatiappavalue of
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and for raising the output voltage or the output current when the rotation
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det ecti oy diridywocatoftved aburent sigdsuednenntd tihéngshevitBinod dgigies a

phase cur. ecnt OL a motor based upon a DC link current and a vector pattern
to be apdﬂgd 4hd which restricts the nini mum pul se wi dth, which method is

included in a dr|V|n p tus for driv or by, su
outputs from arK’VRL ?‘epg 3&39%9& aHW%&hd&m sl‘g ﬁ% Eihage to
be appl i paraawrvmhmh mldteetsuapphasymmrnenteoﬁal mdtowebagedalponaaf act

oo nﬁcﬂe’é%qﬁaﬂ”h*st"%ﬁ%ﬁﬁﬁt %@’f&e?a}@%rict’iﬁf’%?hmﬁght ﬁ@%ﬂlg et or

havi ng a nesrtgldtSI rmmrmmmhpu ¢ widt appaatgéusast imcluded t he
d t
voctor uilt & Qgéggﬂ eibu nt;orercmtmrgva SBoR6P! By LBEpY y?iﬁgge

pr ohi bi t i91§ mtsp HOIRq Sbf vANVEHEET, ckq ota ¢ omat %nﬁl@ntamear@ws
t her eaf t ejoripisds,short voI tage vector command is input. Wen the phase
current detection nethod of clai m 3 is enployed, and when the nethod

det ect s aa %ﬂtgg dﬁ%a{ﬁé‘tfoi‘“gd o5 VI Hiz?4 SpolRal a@&‘ Ifeuraéfﬁlie&fby?‘ A@aHg Whi ch

met hod is g appar us fo g a nntor by
suppl yi nd’Qﬁ}tthﬁ I reﬁeaserﬁa/m 98Pt BT respoRsente it fat:h dhak Hod

whet her aiytphdhrsmalleadgei on is possible 15 dur i ng the dead ti me and
carries out current detection in response to the judgement result
representing that current detection is possible. Therefore, the phase
current can be detected even during the dead tine period. Wen the phase
current detection nethod of claim4 is enployed, the nethod sanples the
current at the center of a period when a current corresponding to a voltage
vector is observed through a shunt resistor. Therefore, the current can be
detected at the tlntng mhen the nearly aver age current and the DC I|nk
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16 tine is long, in addition to the operation and effect simlar to those
of one of claim4 through claim6. Wen the phase current detection nethod
of claim8 is enployed, and when the nethod detects a phase current of a
not or based upon a DC link current and a vector pattern to be appli ed,

whi ch nmethod is included in a notor driving apparatus for driving a notor
by supplying outputs froma PW inverter to the notor, the nethod estinates

a current fromthe past current values in response tg the fact that an
appl i ed vol t agedvPbiase icilrredts fetectionncappasatng elir¢laam IdekefdRe, the

phase cu rdﬁﬁérﬂftltlg wheeh atetecds @ﬁhai%géﬁ?réﬂﬂ ofen eAvtsY Bﬁsédeﬁpwfle@
accuraperﬁﬁsrlen measurfmen& canno{ be c&rrl egﬂgﬁt. When it he (ﬁhagg current
det ect i oPhedHel GHrEeRT ARd; 8 YRR RATIEER ¢ #RPfechandiavbiek 4
phase curmestiricts theuhdnimasedpudse widkh) whictuapgiiratusd s vrchodedat t ern

5 S A e T, B0 ook 5, SRR 1.
met hod exnitputs Hramr raenP uénaerterieto r et imotor,bytheorapparatua

current %ﬁf’g’l?& val ue using a current estimtion value generated fromthe
past curren et ection values. Therefore, the phase current value with

obt ai ni ngATBeRe S RO BARERRY B bt RaETe B ReRtiefEn g B o
det ect i orpulsehapplicatiennnterial enptespehse he arfadtothabardesisedhdutyr r ent
detecti Orhé(@'d’@{rpdllawfjﬁ an error current to the estimted current val ue
at the desired timng. 'erefore., the operation and effect simlar to those
oo e ven *doc BURES ReBRE e sh APpEHIRLS SRSnBbbE oM TATS
correct s apparatuswhieh dsatests waDie liyk qpurenitrandrcaloplatesie phase from
the errore Gyldhfingf a%g%r,a%i@ﬂ%g?a?a?hgtigqﬁc%ﬁa%a frPa%%&%f‘th%iﬁ

t.I'm ng. e ef

current of the desife ore, the,operatio ?n imlar
to those apparatys stroaét‘%ag‘. ganotopdy sﬁ@xgwaag Q‘&?F@Eﬁ B@F’eé‘tﬁ t hod
of cl ai mihddrgeertol the€tnotde thRe AppaaatusBeRn prigesur rent val ue by

enpl oying the nethod of claim 1l of the nethod of claim 10, in response to
t he size it ' : f '3 h e [ ' can

al ways be&j;real ng%i_@dvc\thtgbr?t ﬁ%@?f&ééf{)?ﬂl%&%ﬁl%ﬁﬂ?ﬁ&%@f (%(?f cﬁg?;m??gkie@t

ol oyed deLeEtiR s RSHiRIGduaEREcthe Hondsdnier AR Tor GATRIIBE BHed upon
a DC | i nicwptiiereint det@ciorect i ppédpomsé o be atlpé i eflhidydmdntretdesalt s

i ncl uded _in t.or iVin r for.drivi a notor by supplying

out put s AedeseRRPe it R PERE R HEHSR iSRS Car i es out ourr ont

controlling or position-sensor-l.ess controllin t he t hod rries out the

control ling usi‘ggp ec&HréﬁPtrrégiﬁF taP/B?'EgEuﬁt Of\r;@a&m rﬁﬁt 5 ur enent

]Ei ImI ngs wippanatusavhieh émmﬁoyalmsﬁmsr (E(bprsmmpﬂlmgtthreeourwx{nl:_raﬂ theag Yo
ol l owi n ren n z r eed o

the ourr SSEanEEoR POERRONhEE s SubfELl S ERbrtirity B lfhi®

det ect i ovegiear ds uobservedi hrough eapishyeat segisthen anecthepsanzrestdet ect s

a phase Q@Etcto maamt or based upon a DC link current and a vector
pattern to be applied and which restricts the mninmum pul se wi dth, which

apparatus is i ngl yedel uirBntOHelELKORT APPATALYS bPcldihy!Tg £ O bY
suppl yi ng out puf's rgm a inverter notor, the apparatus adjusts a
vol tage taPBarapysiwaieh emqlaysgosaans éonsampding dheorussent mt Bagonse to
a fact thainterdefar perivd Wwihea 2 withge \ddtortg dtitpat) HstiHd cieaeAt
Therefore Ia 3e5| red voltage can be obtained in average by 18 applying a
reverse \Qﬁ toR Mgans, suppress the distortion in voltage wavefor m when

t he out put vol t age, becones greater than the desired yoltage val ue due to
the limtation lgf phigsenichirkgmty deteetion: Appasates. OKVNfdﬂmhel%hwseaxa;ur rent

det ect | th[@[ﬁﬁ?ﬁﬁlﬁslﬁvﬁﬁcl@@m@lé?s'me@ﬁﬁ foESarh 'I‘@Ethet BErPERE AL tige det ect s
a phase current pf a not,or baged upon.a D%I I.n dﬁBrrent and a vecto

pat t ern (STHETRHRI RAFIAAMWIHERAS, 3 enied ORtaingd P FAIPAVIBER MERLOGNi ch
appalr at ugoirs hanelweed ﬂo@cammig)rsthttblé 'Na&bhﬁgabﬁStH?Lpdfidd ngrhaero4 or tby
suppl yin ) nver 0 nat,or e arat us..adj usts a
vol t age %ﬁ%gﬁé@%%mgﬂ g ngﬁé% ‘}.GQ:EBBH%CQ}?%%W %‘ﬁ?ﬁwh‘% Eﬁges ponse
to a fact that a desired duty has a snmall value by the adjusting neans.
Therefore, the voltage outputting too nuch due to enlarging in length is
corrected so that the voltage vector having a | ength | onger than that of
the m ni num vol tage vector with the conmand current being nmade smaller its
error, by enlarging the voltage vector up to the voltage vector having the
m ni mum | ength and by prohibiting outputting of , the voltage vector for a
constant period thereafter when a short voltage vector command is input.
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19 enpl oyed, the apparatus enpl oys neans for sanpling the current at the
center of a period when a current corresponding to a voltage vector is
observed through a shunt resistor, as fhe current detection neans.
Therefore, the current can be detected at the timng when the nearly
average current and the DC |ink current coincident to one another so that
t he hi gher harnDnics error can be suppressed, in addition to the operation

and effect Iar %o Ahose EF oneggi ﬁgain114 t hr Bh cIa|n116 When t he
phase cur$1% d%ﬁséé 0% rQHp 4RS: PETIT ¥ rmgurgeeﬁﬁ bledpoR E‘%&Ba"f‘at us
err})I oys nealtageorvexhop! usrgobwmdrﬂmroaglat bthec shuart Qfeseist%ﬁr;raf then ﬁ

t , t t t . , t
B?oc:é‘gii X@%I%M?@%#hf@%ﬁﬁ?ﬁ addi L Eoef’h'e"(?pg‘?i??on aﬁ&eeﬁ¥ oot

im 16

curTent tot eos i n DhARS trest Getechiy| DpasAbYsoof et 2l RBE ol oys
rrEans fgra ppapiatus W"}ﬂchuem 1oyas mleanmlfbprsmhlﬂlmgrt;m ovviremti ataap]erlt ﬁd
ot tod - wilie g b ith hA¥ b@%%fsﬁﬁé ,rgéaép%‘@f‘v i }%2”05}2 BB @of O ? hr ough
thF shuntperkidinrrespemse ito the ifagtvihat samphog atcﬁh&a@pnrtarmj the

t
ot car; onP LRI 18 {AHPGABle QHOLY e Festiftioh ol O reshorisBife! ﬁar dvar e
i's not st%&#émﬂaﬁn§éiﬁﬁﬁﬁynbén§ﬂﬂ@ nated, in addition to the operation and

effect simlar to those of one of cIa|n114 t hrough claim 16. Wen t he phase
current detectiAnphgse aurest detiectom | appapatysdof t¢1@1pr%1axm$amnpl oys

means forg ?(g@?'a'tﬂ@ M‘ﬁﬁﬁ‘ﬂé@é@tg% ﬂaé%ﬁgréﬁt of J‘ﬁ?oﬂﬁs'ﬁ §eﬁ 1!'1 05,'59 tine

fromthe e, peri |ng at-

e onse
the cent DG litde garreiat | snfnbs¥estar dna Siesty 1o red: apmliesh 0
res pgnsg %pfﬁta,raaas:irﬁemdudﬁd ife4 agloton cttm&tlﬁg Jhpaﬁé?ﬁe fothh-ml’mgeacur rent
can be detegted, w agcuracy_.eve en ponse .ti

cadi O on TPtRePY EHRBI G i N ARG BV et B, b, Mot 1 17

t hrough cthe rapl;ﬁarah?ﬂ)ct’hqvmsbs phase current detection apparatus of claim

21 is enployed, and when the apparatus detects a phase current of a notor
based upogusrd¥t leisbkmeticerheamns ﬁowesmnamﬁtger cuirpeheé fapph ithe pastch

apparat us i R_.a or by
suppl yi ngc%ﬁlf%‘gf Véjﬁ"g‘?ﬁ énPti\%?iSﬁ%gtt t{}g‘ﬂt g%nﬁ%f a‘?h%gBLlﬁéfg’t Eggétl mat es
a currentvéetom tm‘m@ahprtaormmsxmw eicunrenponse to the fact that an
applied voltage vector is too short to neasure the current by the current
estimati on nmeanA. pﬁmeafm&',ertthdqﬂeasmmuapparams hoficddaiaty22 oisscaxe degr ee
can be e ried
it vhortb PEESLEEORLICE BRGNS 8 BHESe Sy EREDY %eﬁ’ft‘fmﬁ?%%gﬁﬁﬁﬂéf‘%yed

and when Pfe lipdareuveeniet ands & preter cpattam dio dbemnapplied,

:hgrugg;riﬁgba%ﬁ@}lgriéeﬁiﬂhd@i Eﬁ;@axth%téfﬁoc%iﬂﬂmg% ﬁﬁfﬁ’m%%@r&ﬁ% f
out'put s fmoanngﬁplﬂr@ qlgtpﬁlh@ :#Y)Q ?Mp’gﬁff’aﬁ% fe%%@al“g ’current
val ue at ’dml@pmausrcommsesrrectl ng a current detection val ue usi ng .a
current estimation value generated fromthe past current detection val ues

by the C%ﬁﬁén@%ﬂﬂi‘ﬁiaﬁﬁn”ﬁ@éﬁnﬂﬁ@f eéstﬁﬁlattlhg pheserewt’ (Rluyahtiegw th
little er or c be .obt ai ned even ne,and the current

obt ai ni nAEPiRey DG PYbCORESTRBE oheUTEnTens eaann; NElRRauStE & ont

det ect i onctammntat estixhation mvaduies geneogbeld thermnppheatpasenplhiwyentreans
for corre&%t%&nbﬁef dEnt detection value by adding an error current to
the estina curre val ue at the desired timng, as the current
estimation neaggl erefore e%atlon and ffecf to those of
claim22 are r L{:t‘g’,ell'% erag? &G 10t1heaEpf’rﬁ‘T" U3 a el tHE phase

current d&ppatradmsarwhneh uempleysi mednss for21:oenpd:t1y1gi tl’tdﬂe cappentt us

enpl oys c uprent.det ug. by g an
Pl i 1 udedareeiOh, SRS HY ad g B U BEELERL B Eh & eRRRRAD BT
the esti nerxeriurvalue ¢t the desirad tammg; aas me:mmerrﬂmesémaﬁmmon
nmeans. T R&e, the operation and effect simlar to those of claim?22 are
real i zed. en the phase current detection apparatus of claim25 is

enpl oyed, the apparatus enpl oys neans for calculating an anplitude error
fromthe error current and for correcting the detection current val ue by
adding the anplitude error to the estimation current of the desired timng,
in response to the fact that the anplitude has a great value, and for
correcting the current detection value by adding the error current to the
estimation current value of the desired timng, in response to the fact
that t he anplrtude has a snall val ue, as the current estrnatron means.
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When the phase current detection nethod of claim28 is enpl oyed, the method
enpl oys a gate-pulse width as the pulse width. Therefore, the operation and
effect simlar to those of claim27 ar® realized based upon the gate-pul se
wi dt h. When the phase current detection nethod of claim?29 is enployed, the
met hod cal cul ates a period when current appears on the DC link, fromthe
current flowing direction and the vector pattern to be output, and

determ nes the at pul se wi dt h'ds at the cal cul atgd w becones t he
m ni mum vect or epé:Hré“@nf 0 GEGP 108 HRPRERVISH 4i

Therefor e ph@aﬁ@suwhﬂﬂi eetmplnﬁf ht@aﬁbafercubrﬁmmng ree i ca@lrel\then the
phase Cusdel}%tdet ect met hod Qc claim3 l}? %p ﬁ t he

ot nat edqurstioh EARRO P piendting: n arplitulEerHE 5P oF G Bo0r put
vect or, antrreati emdhbymarddmrg gthe- anipktudet Ierbasetbu‘dm estineatédmat i on
result. ect f eal i zed.
Whon t he BHAEE L0t PTG H R TE: a8 S8 elE Ay S6r B ednSThe ot hod
determnesare pQ setlrremc ondence with t Wit C g. devi ces
Const 1t uting 1 HS Bpsen pitrent HeERlBRe Al nat i o Gata’ AR SIS Wi b to
mat ch t happaratmsngwlmchc e&mpﬂmyn meesses clorr ealcwkatyngg anr tmmqﬂmtmadet he

m ni mum p r y me for
each swi tg%trl%ng d@\?llce |%o consi %rrnat :g(%{rttfgte&t cto?kéﬁﬁng;ec%%elscgﬁﬁ%ﬁhd%ffect
sinlar tannnesde valuenbyonddingnthe amplignde srnosdoather eatimatiomhen t he

phase cur, 1?}{?e C ,)?g) y
esti nat esCr el bgcﬂ?é(;”d thetggxrﬁ;lgatﬁ%t n‘g ltﬁ ﬂq%as %g?ong%eon of
the curr &P mcief athgr%ﬁlt eYE@I‘b% AnQ hbor: (Garzect e oGUIFaREd wi ¢ h

hi gh ?CCLd@tsecd tﬁménvm bgea@altmrg ltheaeeﬁoﬁtcttn;mlnsrt@eggeoﬁtsbﬁhﬁtitfh ' 3'1
operalon an one of claim u |m

ore real igent Whther 81t} Simther dbc FpShBrfo shecrartniat,

enpl oyed,thdweanq]ltntuaideshamt&ssnmalldlvaéue; oas othe heucrnendanestnnmttdre
sequence tdge current values. Therefore, the direction of the current can
be estinma e W't h high accuracy even when the notor rotates at | ow speed

and of ect si metarin GOE eon ] ABpaREedh, oF, BhiRy 2‘@&3&%@@%{’%@3 sracton

real i zed. whieh dﬂ@qisaeephasewmrm‘eoflmrmnbmm alpom 834D el oyed,

the met hqg, d he vl%fc%?s ﬂt%xfrPrterb' Hgﬁﬂféﬂi i @%%ﬁigé&%ﬂs fge
current fro aagaseln t.hon of t rocessi,ng for
estimati ﬂé‘ Heed d8cai R0 VEREr aRpPayL; h‘lst @r dR&e NP ‘ér rent

\éal uets_, isupfsplgrm eu\tphltstﬁemcaatwb smeteﬂteﬁ td ttherrni@tror hed efhich thteh t
irectio rr so tha
t he oper %gﬁé%g)&l Flrtggéng%%%gﬁﬁgﬁgtcﬁgi)@sgﬁ%hngeﬁ%gg|1 C?g&&ﬁ @ﬁéh claim
31 are rdiid apparatas wmnmaee, current detection mnet hod of claim35 is
enpl oyed, the nethod applies pulse width restriction to the vector output

peri od emnhmﬂtgnemsdé'erl damyingnouésdimsentrolingeudiarg thieaturhent

curr ot dBPASTERED seclﬂié% pUhaly K E5bof R UrREn ERE Meni R Rithf oo, ©

sinmilar tacansier gitevalof cI aim 28 through claim34 are realized. Wen the
phase current detection nmethod of claim36 is enployed, the nethod turns
of f one of the Ayhase aymeritcdetectioni methoy ofiec] R Dfvis teméthod t| me
requl | o4 icK MefNet8 ShRLE LA C P2 mbbEr ANy S5 5 DEN]

realized W i nued

to be out@urentand a wpr@attem brabes@pp 1@d ahd Wﬁﬂphoreetg‘éctm tting,
so thal - Lpenepfid | palndyeiflecthich | fiefitod N dneluded in24 Ghotbai m 28

through claim34 are r not.or cont,r o claim

|
e AByahE BPRARALIS FAE GHVHE Smolarh B s P IITTRE TLrRSt T IBiA g bC
l'i nk vol tRYéMrimvertet o thlesmotiod) bhedalethod comimises theestegs ofp a DC I i nk

current and a vector pattern to be applied, and controls a notor based upon
the cal Ct&saetﬁﬂaﬁtﬁgodm&%tmefaem tﬁeréi@t ﬁﬁtth‘é AliAseh £ aetee on! tign s hod
controls th I'i°’nk voltage to be higher or lower in response W th either
ondltloﬁnég the voltage required by the notor is higher or |ower,
respectively Therefore, the notor can be controlled in stable condition o)
that the secure current detection can al ways be carried out while good
wavef orm outputting can be carried out with little affection of the pul se
width restriction. Wien the notor controlling nethod of claim38 is
enpl oyed, the nethod | owers the power factor and raises the output voltage
or the output current when the rotation speed is |ower or the load is
lighter. Therefore, the current detection can be carried out with ease, in
addltlon to the operatlon and effect S|n1Iar to those of cIa|n137 V%en the
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26 Wen the phase current detection apparatus of claim45 is enployed, the
appar atus enpl oys neans for estimating the pattern of switch operation for
causing varying in output vector, and 3or varying the m ni num gate-pul se
wi dt h based upon the estimation result, as the m nimum pul se wi dth varying
means. Therefore, the secure detection of the phase current is realized.
When t he phase current detection apparatus of claim46 is enployed, the
apparatus e nmeans_for _deteryinin respopse. ti in corre ondence
W Eh ¢ he HSRaR T da LB ot e vhai DR inbhy B sRBEREERE ng
t he mi ni mesudét e- pul se width to match the switching devices which cause
current varying, as the m ninmum pul se wi dth varying neans. Therefore, the

i ni num gat e- puA gsh asdtduraentbdetieétion arthad bflkdlaint 8 iearaisthdd e for
each sw tcgll{g'}g device |ntotcons der at,i ﬁ ﬁht hat, t he a rati on and effect
sinilar t'§ SIMPIOFs A gaterpy 4@’1#! e IBRaeWidth. reali zed. When the
phase current detection apparatus of claim47 | rrpl oyed, the a at us
enpl oys neans 7:Y e‘é@ﬁ‘# eareat aét‘éﬁfﬂéﬁtm éﬁtls BoIﬁQ‘ﬁhOfi)hase

i nfor mat ivphih éél@u‘lﬂté@'ﬁ eﬁoﬁ hﬂh@rﬁbﬁ?ﬁﬁﬁ'éﬁpé‘af‘é fory %hb' DL TeaRs-

Ther ef or th directio the curre can estl ted~ accuracy
even whe ,1‘8{131 @é’v‘é]tngn(tl}ﬁ eg E'd VPH F‘Bnlc‘g&be ef f ect
simlar t(mitlh.a)ae a)ﬁdonéetﬂrmlmem ~+tHE 3gabequgls ecl Wldlth6 smethaal itdegl. \When

LBSJS?E?%@%%%&{%@%@%@?@? %éﬁﬁé%ﬁ@h"ké%ﬁ OB BPrioklfor, e

from t he auesdc Cttanjnlrt , as the mninmum pul se wi dth varyi ng
nmeans. Therefore, the direction of t.he current can be estimated with high
accuracy even \Aqﬂlam omtrentr debéetiont methosbefdlaih B0eis thmetdtodd t or que

ose of SHEChr esHRIBE° B blttEhal AP, BVAIEH, BRSO fn A gf%stec’
current dweémgmnapwrmmsveﬂ of} aammimarmSe ileoyraanimnema gadeaputsenpl oys
means forgthedPred i ?on @Ee[:gé}&ﬁﬁﬂl?ﬁ feyylestimating the direction of the

current fromthe phasé information of the current and the processing for
estimating the gi h t enge rent
val ucs, i roshuiiiyy dhitertt a?ﬁﬁ%ﬁﬁsnf;é&‘}% b e B ifa #ﬁﬁ%. mum
pul se wi cWhW]éra hermadnes. aThesprBse, tithe W retmespostd et cuiHbrkhean

i1 ar b?&‘"?ﬁﬁ?g’}gﬁ?e"’%“ﬁ CORBLITNg the B aa hpera; did S’a%l?@gdﬁf%ﬁék the
phase curlpém‘nﬂé?)eg nb %} %Liﬁ]tgg $‘§'%ﬂ%/§@ '&;’rat us
enpl oys r(faalset:umranplv;amgmgn se width restriction to the vect or out put

period excluding the dead tine, in response with the fact that the
estimted curr eﬁntphaswmmﬂmdemmeﬂtmhdaiabfaﬂam 32 ifa hdethedi num

el | zed WRitR PSP E}%Sg@“?ﬁﬁ%@@f B oY FRRFeRE' fibe the" B °o i m
43 thr ougmformartmaaf eaqalnrent. Wen the phase current detection
apparatus of claimb51 is enployed, the apparatus enploys neans for turning

of f one of the Avwhabe mmneritcdetectiohi methog vfiel&iMd B8viy hemdtbrodh tine

Ther et ﬁfe‘%&lﬁé“%#?ﬁia&%%t 8b ffrgfion AP sHerHEAR T in e RedfieiBofEe o op
even V\herﬂtmpy.mﬂ@ U€S.i s continued to be output within a carrier

i nterval such as maxi mum vol tage out puttin so that the operation and
effect simlar Aphasesaewmiremnte etectianrmetht ofighaiinaddh %09 methoshl i zed.

abpar tai‘ﬁs‘@éﬁhu‘?‘?ﬁhé%'m‘?ﬁmﬁ?*@ fBr Gatih{fifd Eh& L RLEt aniﬂdtm@e” the
gat e- pul saixgent fresnethe phase cinlormation oof othoe currentr pogt thel
vect or p%l‘@éé"ssﬁﬁgbfola@%‘ti t1ﬁ tﬁ@rdﬁ@cﬂﬂrﬁtdf‘@géoﬂﬁi‘%ht Tofn ”ﬂﬁeﬁr based

upon the “cal cul at tor vo the detecte e rrent

appar at u§%ﬁ@98¢s°f qa@unrrﬁn M"’&H@é, 11 FESROFHEY vmj] 5&9@( roﬁaﬁ@bonse
with eitheses@ofitheomaetort he vol tage required by the notor is higher or

| ower, respectively, by the notor voltage control 28 neans. Therefore,
the motor can be SRALE3rtgetedtiSnCHAttdD B Wal BABH he aSARAtIREUI T ent
detection can al ways be carri e out | good wavetorm out putting can be
carried out with little affection of the pulse width restriction. Wen the
notor controlling apparatus of claim53 is enployed, the apparatus enploys
means for |lowering the power factor and for raising the output voltage or
the output current when the rotation speed is lower or the load is lighter,
as the notor voltage control nmeans. Therefore, the current detection can be
carried out with ease, in addition to the operation and . effect simlar to
those of cI a| m 52 V\hen the ot or control I | ng apparat us of cI a| m 54 i's
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Figure 4 is a diagramuseful in understanding a current flowng in the DC
link; Figure 5 is a block diagramillustrating a phase current detection
apparatus of an enbodi ment according tl8 the present invention; Figure 6 is
a flowchart useful in understanding a phase current detection nmethod of an
enbodi nent according to the present invention; Figure 7 is a diagram usef ul
i n under st andi ng conceptual operatlon of the phase current detectlon

ot duPéch: apRissapaIae vt SeRbrtinm 4o ector o Hpio bERDGT osent

11 n;/entl ortaxclu%ﬁnt mlire]? d?ead ﬁuh'e?cih dg@@@tisel Wiﬂo}r Ethle[lQ‘at@}:] ptigat t;hl?r ent
etection aratyus of a odi ment ,accoerdi,ng to the presen

i nventi orfS % 'iBrrgnB1?%&@}}%{@%&%@%@%@8 - a phase current
detection rrethag f a further ngedl ment di.ng to the. presenLhﬁﬂ_1
Cnvent i on:  Fi gukePhase SUrTentoAteeien mebhash ok cleamy it onaph

opglrat Ik ogwhﬁchitexml ffatwérofrthed@wetdhmg deReced UQngfltﬁ'tmg%hteFPWM 12 is
a bl oc iagr ustrati e curren ion apparatus of a
further éPB&ﬁ% Pri: HP&.F%J?H%{H: pﬂég%%rtl ﬁ Figure 13 is a

fl owchart usefrA i n,understa d| ng a e cyrrent detecu&i}(ﬁthhd of a

further enbodi ﬁm&@emmg 188t me fclaie gl tha m gk 5

di agram Iddluﬁﬂaeés 0 rAbteet welltag fﬂﬁh \aa\DCOImIva@lmagéaaﬁlde aMaistl-f | ows
i nst ant aneaus change

in the ure,15is m|II strat

of o phadiilsh PaAthadetacts Bgshast Eulfent fow RS Rk AbuEREAR: igure
I16 Ik S S d@c@mm&tﬁﬁm to b appdisdiahn ducoretiiol vay ehoton bbewmpon the DC f

in e t n LSRG [ of an
exanpl e ac% Ll?ﬁtéf’i} ﬁ@tzﬁd?*;%t%én@ é%? thier SRR el R, ol o
fl ow ng |m mpmseséb@o ofne and sanpling time, all being of an
exanpl e; Fi gure 18 is a block diagramillustrating a phase current

det ect i orcamn‘aﬂhn;gsthé G limkenléapge dionbethigher dirnpwer tiherespomse
t 9
ot hod oniLH itet® cbR Bt UE TS Yaltabd HIGEIHENGY TonE tnftor B L

illust rathlrﬁb%l‘ QhAQWQi'uif‘ESPﬁC 1V3‘«iy-det ection apparatus of a further

enbodi ment according to the ﬁuesent invention, Figure 21 is a_diagram
useful in underAtmodiongomtre ingeniethokofclaim 38 is eemetlodavbickanot her

I I
Sppar at us 8%%“36 %0920‘%9' f%%@?ré S‘E &80T ¥haT oL SolERRL I N0 o
a bl ock Qg @ quresty when thereptation repeeddselover abpf&r%tleadowa

further didhterent accordi ng to the present invention; Figure 24 ~is a
diagramilTustrating a response of an exanple of a power device based upon

a gate signal; iéter ZoritrolingharEhit $fadnam B9 LW alétid hehRecessi ng

the curr datculiltes Ehis it mgowéﬁﬁ%fn ERbe MiTthas, SRantheoinane O ©
pr ?gsrsr; It Irfgohmrt}raldméanongof ithedcuecgnbramd the mwmmt wei:tompatlﬂ;ephaztel )

Lhe pr oc C%QCﬁ% afelf thi¢iddlay ‘%%gﬁ? e 471 BASER A ofl R el ' O
sequence refisudiy anck coztasss;thia metorzeoltage. schematic diagramillustrating

the processing of an exarrpl e for turning off' the switching device for
current detectiAph&sguuarreati deteciibrmatethotl afrdanim Ksis at methdd

pr ocessi gyolhacRINgtEE e WReep e WIBHS S thet eha Heiti gt oo for
command voltage vector and the vector output period are equal to
one another, in response with the fact that the vector output
period is longer than the minimum vector output period.

A phase current detection method of claim 41 is a method
which connects the converter for carrying out switching operation
to the PWM inverter in series, and prohibits switching of the
converter and the PWM inverter at the current detection timing.



Figure 30 is an electric circuitry diagramillustrating a notor controlling
appar atus of an enbodi nent according to the present invention; Figure 31 is
a diagramillustrating the response ofllanot her exanple of the power device
based upon the gate signal; 32 Figure 32 is an electric circuitry diagram
illustrating a phase current detection apparatus of a further enbodi nent
according to the present invention; and Figure 33 is an electric circuitry
diagramillustrati,n hasec rrent. detectio ar. at of a furth

erbadi ment | accdadPhgse Sen: debértion, bitial BLARiRLA2 foa methedy ou
the | nvenghdohHdetectafl the, corevertemgurrehbearad ttheh édvertey easrent lexpl ain

t he enbod| ment Pg theLngnas (gu{e&&nt det etctr on thod . nvert%% rolling
met hod arkf & eé}}} & H?Ings‘?% lpﬂe n]tS |lﬁvr§ﬁﬁ Wgﬂé) 1lis
a di agr amedpecttteathegmoobhing gemdenser ennth@lDGrlumkng appar at us using an
inverter. Table 1 represents a relationship between an output voltage

vector of an i rp;e pheisel Rﬁm*erﬁe\détééhoﬁﬂdaﬁpﬁwtﬁﬁl 6f dlaigi t43nipfa
swi t chi ng deV| C Ta

T oo PEER RS (PRt Gefrctn @ Bhase RPNkl AEpier-hseRARBRRGNONCEFY

7ONONON \P€} dimk  durreiit+anddaTwectappestiterns to tlodi apgpledi aesd ofhigiper arm

of wu- pha % T 0 nt

Swi t chi ng eélé(yeg"gﬁg?afmﬁl\emﬂg&?fnﬁ wgg%pﬁg{g W%gsépgr#% ('I-Ehggséﬁgﬂ{&é&
respect i Vgl @ mataad Jev:tngoalpp@\mtsl@n @radrlvmgcanmqtoan yhauppA¥ingi t chi ng
device ofoufipets afrBrins SNPWA! Afvester Ntoo tHevieeteF, ItReCTappirhtudrr, and
OFF represe .a _condition that the sw tching device of upp armis OFF
and t he SQMWF%%S’deW ce of lower armis ON. In the above notor driving
apparatus, ,a,first cqndenser. 2a is, connected between output, termnals-of-a
DC pover mippmum pulserwadghaveryingmenans for estimpeting idirpatian @f to the
first congdgnyerrét éﬂctHé‘%u?!t‘éﬁ‘ﬁtdéﬁeéttﬁltﬁf&ﬁl%héﬁﬂ oy & Qing ¢

supplied tqQ a m)torNj E&ts tecto necte y&g e i nput
si de of tIRANIRFER B §%W HRO™Y hae S eI Li®SEt-2a. This current
detector 5 hasg B&at resistor 5a and a current outFut sectslii)n, 5b. The

shunt resistor #BaP S%Wrﬁﬁﬂdd%eﬁtml%PﬁlS@ﬁB%no Hdagm cbnddhser 2a

anflt a se@;{ﬂﬁaﬁﬁﬂ?m&?ﬁcﬁaem?ﬁleyf@u?{]@ms (ﬂ;tp mstlcﬁe?tm@gtﬁb %@ﬁ@dvﬁ&léﬂi'te

vol tage ween ermnals O r ) a_ an S | as a
det ect ed rBhgre @rpl?‘i’r% %oqlta e@ﬁ]:ﬁnrksefs &hewc urnen iﬁtwlr%gs of

t he ot o]rdn'eatmmalmbd:hedvectdrhpattdmheo tre eutpué ahd: for determiningat

VO tage C r e I r to

si mply asﬂ/eol §l|1§gnogl dgﬁ %‘?ggi#gt@% Eﬁﬂbﬂgtgﬂ Rﬁﬁ&? beéo%aggfeﬂ%ect or
is W, trmmmmw At nelL pu ttperieg: for icnyemtedesaction: pa thei RCof the
power \Ahllhﬁkotdseth@*iﬁmlﬁu%’rfﬂ pﬁl§e ¥idthovagghied rheahe - 1ine of the power

so that the voltage is appli in a dlrectlon 0 i ncrease the w phase

current (u-phasg ﬁh%éé Q{?ﬁi"e F QetBchiRe? Eg?hﬁﬁﬁtbf’r@lmﬂf‘% PM {pul se

wi dt h nodul ati on) "I oye nrtu fage.i s determ ned based
upon a rAPBasAt Batmlﬁh@mpﬁwefwnsa rogstignat g ihe Paterpee

Thle{ eforgsva?to}pldmeat%ieﬁt for httea/msm qnt OoREt dvg@tmesaﬁddlfoﬁ to a
vol tage al erence,bet ween. ases EFEI Rergrre age
vector is <hois ) oﬁpbﬂt% ev}&\l %d c&’ﬁﬁ% él&neaﬁté equal
to one arenmmattmeremltotaaothe \mimngetmspuksre widthevaryingoneans! t age

vector is output so that the voltage vector 34 VO or V7 which applies no
vol tage to the Aopbrase aunteirds detettioer i @pparabius ef cdaiier46 Fig.ar

B SZH?%SP%%&&E%@& Feidyb ey f‘@ﬁé%@@ b8, A BsfloRe fi e to

u- phase i |eonresposglance with atlee i swakghingi @vmeshaens inatimgh

Siml arI € the

magni tude § Nﬁ%@?g@tf CEhORS DA AT MARTRLER SR BR1ERE v@“%

this casematen the sl cgnegvd»ewceﬁ évlm @gweaguar@lt Marytmgs@@ ﬁhen g. 2

When a- V%flﬁ’iﬁ?&ﬁ}/@@]séhﬁldﬂi gcﬁfyaﬁg. and t he vol tage vector V3 is
for exanp the voltage“ve

out put tor 1s changed and is output suitably
in the order of aV ge a vect or
nmet hod. Wen th% g}}aﬁe& cﬁﬁeﬁe 4‘% nglgﬁpp%ﬁggkg‘%tﬁl ‘?%hgfltgrgg énaéo? t he
vector is shortened), the output tinme of the voltage vector VO, V7 is

| engt hened, and it is sufficient that the ratio of the output tinmes of the
vol tage vector V1, V3 is maintained to be constant value for keeping the
direction of the a-vector. The phase current is detected fromthe DC |ink
by using the characteristics that w phase current flows the DC |ink for the
period when the voltage vector V1 is output (refer to an arrowin Fig. 3),
V\:hl | e the reversed |n posrtrve negatrve current of the a phase current
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pul se wi dt h becones narrower so that pul ses having thin pulse width are not
out put and the phase current is neasured under this condition. But, the
phenonenon of the pul se becomi ng narrd®er is generated continuously because
the portion where the pulse width is thinis enlarged with respect to the
portion as the center where the phase voltages are adjacent, when the
voltage is extrenely |low such as | ow speed rotation. Therefore, it is
difficult that drivi he tor for the.entire region,of f.he tor .driving
oxt ent _orApbarabins wileh, SrpIoNs Theass for WEHIERIAS dheh AURREHER 0f 1 aken
11 nt o cpnsﬁ}pharcﬁnimnt_ frendadie ghase tiadernmativer @@et}@mﬁrcmr?m},ahset&lléy
eterm ni_ng_the m ni UM volhage vector output time when the |Iow voltage
wher e the"\%&ﬁ?&b@ ﬁ@g{;‘%ﬁv&% yyﬂgrrpgrar}é required or the voltage

di fference between,phases is |l er,. and by applyin he vo|tage of the
reversed di rec\tﬁgoﬁhﬁ@@n W@eﬁ%ee@p&@pﬁ%gﬁi&% @gé‘aﬁémt nl& HN

predet er ippdradhs aghivhl omples st médasr it estirhaties thie dirsction vEct or

out put tigHE, Fllg!{ 5t|0f$” a block dia ramlé)lélg tratlngF@ gise curregﬁtH
detectior1tli]‘asf“pp(éh1 I JOLR off C&c QBr &g BT % Uef: 2HvER®ion. In
thi s phasminumuem pudsewidth ppyinguneansd.irst condenser 2a and three
phase inverter 3 are connected between output termnals of a rectification

circuitry 2 whighphegel egréatPeeteclions dppatat@®dof hdadhi MO I die three

h [ lied . "And d S i

e o SabiEatot SRR G o el SRR R
cpndegs?reﬂ@méﬁngohahe cdirevtioneteft ithe apparenhts ftrofrp)ritiﬁs qnhasuepuz_
t e | , Q. acti on
sect on e BInLF g etk Al béﬁnbih@é%@?%fgeig St mipE e o on

section ebreghionsofdde enrsentironsithersequenne of ithe aureent sraldes;i on 6a

(@

recei ves j elyati>) i dmﬁﬂ C Vv ctor
whi ch sholgil i‘é’%%@lﬂﬁz‘;r@ftgﬁﬂll?s ou?&l‘?%yie%?bft%% T ebg’uf&%l}?‘lﬁﬁs’nﬂéﬁgﬁlﬁgemnt
section GPLFECHL Yg@']ﬂgm%%n%ct or command and the vol tage vector

detected by the oufput tine detection section 6a as jnput, and carries out
enl argement prddeBSiasg reaTeutpdetecton appagatuneoblpim 30eiumno a
ength aldgyhpatibe wHideerpleps omBahg dRirechppleine! pisevepia . The
subtracti OntSﬁgf.l or}[oG subtracts the | ength of aa ual hy 8Ut Bué vol t age
vector f EERUHIION YO HE VECLEF O permg exgluding the.deafl time, Yt put
error i ntregpurisey witt the fact thegrtieestimabedcufrremt tisewathinathe on
section i d tpu i ect to
he. vol t Aquten; 8SEHhA, Vedh B FHE ARG, BRIGH RIGUE PRcLEE

out puts dNLEEIHBr (reverse vector) which is obtained by replacing the

A V/ICOFF in Table ~ for the enlarged voltage vector. The sel ection section
6f carries out Ahphasel stirtgndpdesectiondsgpparatuspeh aainsifyh i ame

i nt egr at r erkan Jnt i Chf to

el oot i @ﬁﬁ?é ﬁ%fﬂ*ﬂ%&s J?‘%&;ﬁ‘rg fi‘?gﬂ’ﬁ?@i&fﬂé?féﬁ 2haThe

out' put f rOMHHGREIEE R EECTe COBS HaHdng; : nigertarg og i tanﬂ@.owchart
useful i rregifiged fog carpenhadetestion)t agetthe! iminimuiad pilsen widtsdi ment
accor di ngﬁtlo i hepgr esent invention. Wien a vol tage vector conmand is given,
in step I,'ylintg_ e?ﬂﬁged whet her or not a voltage vector length is smaller

than a predeterm ned specified value. Wien it js | ed that the yvoltage
vector |ength A Pr&pqﬁxaﬁmseagpé\a@{cgﬁrﬁﬁejoalé%ﬁfls&nmné,ramsstep
\?\EZ, at prwhéehi c@lc{ugate@ L@rrﬁiomtcr awlcuhgegﬁrc?mca?D(_D elligkhvibﬁage rared @;Jt :

en it i u age v or.le is e . [ er
than t he SHSTERrR: WML Jeb RS Tl BSe Wpeipd ol afiéi@elge?xéua?éﬁ ep SP2
i s carri eandua vectostpattera, ta bei asppliege damd donaraloul atingioonfrelding ed
error is I in r is |less
than o, %40k Bagediipghtthd aleRlated MINT v bIRR AN HERE °, |
step SP3 phasetwnemte@hat@pparabusiwmguwea,o or greater than 0, or when
the processing of step SP4 is carried out, in step SPS, a voltage vector is
out put . Imotbeprdbageavrdwopaheanist fogecostrmibngathe DO himk weltage ge
vector c o O+ 11 : , LS
ot cor at O TiRbet GR10ReEIuCtedhon a8 W btk SOFRLTRA of HEe JIPRGES
the operation and effect of the above phase current detection apparatus and
met hod are described with reference to Fig. 7. Wen a short vol tage vector
V1 is included in the voltage vector conmand, as is illustrated in Fig. 7,
the output tinme enlargenent section 6b enlarges the voltage vector V1 up to
the m ni num vector |ength based upon the output fromthe output tine
detection section 6a. And, the generated error fromthis is integrated by
the output error integrating section 6d (refer to section ain Fig. 7).
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38 This phase current detection apparatus is different fromthe phase
current detection apparatus of Fig. 5 in that the enlargenent of the

vol tage vector length and outputting @B the reverse vector are carried out
based upon the difference between the current command and the notor
current, instead the enlargenent of the voltage vector |ength and
outputting of the reverse vector based upon the integrated value of the
error voltage. t he cur t ro ng the coil the integration of
the vol t & %Y%Waﬁ %anlaﬁﬂo OXERT) sre,ﬁpeé;,tn{es)lyt hose of the phase
current detection apparatus of Fig. 5 can be reali zed usi ng the phase
current det ect iAdmngseacenizobing apparabascoef plalm igeare gpparabus The

Bt on YRHhIBERION SRAALS BT 9"‘#@3 ?8 RITBOWEE Tabtlr MdCF (o) 0O
section 6'@19’%@5@ ngegwogtage,or et g’@%@é?lr agion and

out put tigpeehligrioor@nbrsidtd 164d6i 1 Eh%e?uhéeﬂie Qﬁatépkﬂdltw%é%ht@al 7a

recei ves the current comand and the detected current fro he current

det ect or TB84NS-nput, carries out the current cont roI i ng operation, and
outputs the voI e mrand. ..The vol tage vec ation section 7b
receives the v trggéowwgﬁellaré& %Bﬁﬁrgglé 16 A2 ARRAAR D mand
from t he wphiclke angileygrtﬂeam fdwdslciﬂattit@ mé Qﬁﬁit phtterd dfetiss ates a

changeov rever e vegh en vy at i gal section e r c ives the

Vol t age. elteRe yareinE Timing, Mot fhS AsPEH oIS curiens and;flie
sel ect i orowstgut vacﬁm patberrs, fmecawlculaeuyglthegtéel&gctnneomﬁrﬁmdeazmcbs he

section Zﬁférece&]@ #é’oéb*mamﬁct SHHE Al For, JolTeRbhl eHd HohGL o0 (| o"
section Mol @gﬁnpﬁt %ﬁ@lo’éfatt‘@ tage oentlademmems;r V\hl ch shoul d be enl ar ged

its output tine. 39 The output tine enlargenent section 6b receives the
vol t age vect or Aophase andrehé deteetionvemparatmecofdlaym &b dist pnt ti e

detecti O’h 923 6@1}1?&:% loy! ‘?nﬁﬁh“ cﬁT ﬁlr%f”ﬁﬂat ﬁ%[t%‘: ﬁ?éé‘g for
en

out put t| €ng frent
det ect or V51dﬁhc$é’t ggbe() gﬁecﬁqmmmd L Eagmh et @I]r&lé t tection

app?r alt lustrecfto@n@thyﬁd éﬁedveté uﬁl)fq[ﬂiﬁﬁﬁe' ﬁn@ﬁh@&agﬁ?r@%’p%ﬂi'% Q#iﬁ}f‘ntA .
control li ect j,on ent .c e ed .curren nd,
The vol t 40 T bRy SRerigeton Subpnb poriSd aRdpaeRl tih Hie Ty Biphat,
command fuentor foax fphats pemgi easbHeamihimuie philsédevidiht ageymgrmednsBut , the
m ni nrum vector length is restricted by the output time detection section 6a

and output ti Mephaeeemmteﬁecde@ecﬁbn @f@t@s @f\cﬁhimg%@qtsudﬂy

curront ARPATA oo iR HEEER %®9§tt o et I o 8EGat  ve.

In this cagidching opera@@méomhe AW navee’m}t ﬂtneﬁmaESt angt etmpb@{s t han

the mni rﬂd@a‘fﬁ“f 'ﬁnit’&fuﬂg“ HEMERE oPSMRER 4178 ?}%VPWM"“C’ the
conmand current control].ing the e cti1on section
7c'so as 19896&95& CP@V Rg: &F tCH@V %HBV\%' Br

gener at i gorsrol maeape. Fi Q. 9 is a bI ock diagramillustrating a phase
current detection apparatus of a further enbodi nent according to the

present inventigng hﬁ@bScat@éﬁtCQEteettoﬁe APACEP PGS a4 %’P"ﬂ‘sf%&?”t from
t he phase curret de tlonaparatus t hat as an for

out put ti r?g:PBﬂF"g’r wHev b‘F B@ﬁo‘?‘ CéHWﬁMdd gﬂ%’rﬁp I%W ic dttdYe

vect or geseriesiwitls awspee t7tn the tsmabotlin g aloerd éses ant ithie TCi bindwri tted,

cection (Y6 ?@%ﬁ‘fﬁﬁs%ﬁiﬁ%@pﬁw%%@ B0 i Sz g™ i s

out put padﬁeecttedrrand to the voltage vector generation section '7b for a
pr edet er mi ned peri od 40 (for exanple, 1 carrier) responding to the fact

t hat ht he vol tagWhmtthe s@tba*serctthﬁen%ttbetréctm%m@tﬁtoé ldféﬂﬁhlhni 3 mftrp: oyed
as the out ehect ction.6¢c i s1a flowcha eful in
understarﬁf?lﬁ)& ha%%dcur %tgt‘,ftqthcﬂtl n(g‘?t%&ysof" R AL gﬁﬁoafl?ent
accor di ngnmdsortteamdasepnnl avBIGI ilimk evmrerst amrd entvectorepattesngtodme in
step SP1, I| t C r n step
SP2, the aCﬁ?rent agightro né"b%%gr%%%%}ggt‘gﬁ?gﬂgﬂgg %ﬁpé and{% Et‘%e
command i s obtained. In step SP3, it is judged whether or not the output
pause is instructed. When the output pause is not instructed, in step SP4,
a voltage vector is generated. In step SPS, it is judged whether or not the
vol tage vector length is shorter than the specified value. Wien it is
judged in step SP3 that the output pause is instructed, in step SP6, output
pause is canceled. Wien it is judged in step SP5 that the voltage vector
Iength |s shorter t han the speC|f|ed vaI ue, in step SP7, the vect or Iength
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m ni nrum vector | ength based upon the output fromthe output tinme detection
section 6a. And, an error is generateg#in the output current due to this
(refer to section ain Fig. 11). The ror in the output current is
reduced, or the sign is reversed by pausing the output of the voltage
vector in the carrier next to the enlargement of vector length. The voltage
vector is output again in next carrier. The voltage vector having a |ength
equal to e e the
error bef@ben §u§§C%??gh ?hQHahifg%@Qtﬁgnahgaggﬁu ﬁBPEHH 1){\Igeélsnaller
by simi | A00FOFANMEFHPR u@ngtmpmutﬁ ro@ 8d? Ineexter tothe meterer next to
the enl argenent of the voltage vector thereafter. In this enbodi nent, the
out put p metieodsadjnstsranedltegebto be applied by adding positive ohat t he

out put p e e

enl ar gena Gl oIt ARE A% et PohSRPRT 30 £t Ehit ™ e AL Bl b R e ¢ e
an int egrSinadl ¥alae. obt ai ned by integrating the error voltage is enployed
instead the current deviation. Fig. 12 is a block diagramillustrating a

phase curThetreftatescai adesippdr atoitage @ahurbdéeobtaheed mint aaerapd fgyto the

Phe: phasdREITION %ot VoM T &7 S o e §1%f91%§ {tﬁ[‘i ern

cal cul at ivolteget wavefarmisubeni the fartputd valtage becomas graadesddr ti ni ng
cal cul at itgfs %Fe%tiw J&ltag% ValtBedul & thRlirAation  ORthR AfHbHnt Urt her

havi ng function ece ng a dead tinme perm ssion signal an

det ect i ng"eCto8 QU P@E‘é‘? shorter than the mini mumvector |ength by
including the dead tinme in the output tine is enployed_as the output time
det ecti on sect iWhee . theiepbaseenurpent edetection meéroie@ﬁ icbaimd 2r égei ves

the 42 aagseyed! '2AH WA ttlfléoﬁiéﬁ}f‘o&“déﬁéﬁtsd Lg gtte%r(? fbltﬁn‘ge RPYY aa”d

calculates h ifection o se current. . The r
agai nst RR9LOE b VERORh@ Eﬁé&nﬁoﬁum@ @I}fh%é’%f’rdﬁt‘ texa tﬂgow tage

vector ¢ hedaandlpwhtcﬁetresm-mg et fitihipiunet phhee owtdﬁnt wihigetion is

When the %&B&ﬁt s 1B podtoBit %ﬁﬁ%dea‘ﬁaratﬁ? gl, g8
secti on anodar hyt Su@pimmgmutma&:ﬁtam a i WM mwid]era‘to emeeéonr m ned
timng wthin the vector output period including the dead tinme fromthe
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44 is, the current neasurenent can also be neasured within the dead tine
peri od when the reflux diode which turns ONwithin the dead tinme period
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turns ON corresponding to the applied voltage vector are the sane. An
exanple of this relationship is illustrated in Table 2. ., 45 Table 2
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When the phase current detection method of claim 7 is
employed, the method samples the current at a timing which has
passed a response time from the starting of the period in response
to the fact that sampling at the center of the period is impossible
due to the restriction of the response time. Therefore, the phase
current can be detected with accuracy even when the response
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The operation and effect of the subtraction section 8g, d-gq axes P
controlling section 8c, and voltage vector generation section 8e are known,
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Fig. 22 is a block diagramillustrating an inverter controlling apparatus
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Therefore, the phase current can be detected even during the
dead time period.

When the phase current detection apparatus of claim 17 is
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Fig. 30 illustrates a circuit arrangenent exanple. A DC link voltage
controlling section 12 is constructed so that the voltage of the DC |ink
can be controlled by changing over the&lconduction condition of the

swi tching device Tc provided within the converter which creates a DC
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devi ces when each of the current detectors of the converter section 12 and
inverter section 3 has entered the current detection operation such as
sanpling. Further, it is preferable tBat. a current detector is connected
in series to the snoot hing condenser 2a on the DC link, and that both of
converter current and inverter current are detected. Description is nade
further. Fig. 33 illustrates a circuit arrangenent. A resistor 5a for
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s connedBEELPY ihdPRIARE InTReMQRATe AR YR PABAHRS dOF BRIVARIE r at od
wi th an anoter Aywapplyingutpssirionha BWM irevextereid the gaotogn, while
the current flows in a direction illustrated with an arrow B when current

flows t owRiedSmilth old" \eaitiSiateac dipBetibReofl ehe. caP¥efBCad! théecapFégpt s can
be det ect a%.the Jesistor 5a. In operation, indepe dent‘@%ﬁiﬁ&pt detection
becones icﬁ%@g 1071 EIRRENE . NG UVAEIRS |Uhea TREMRET, PHs6n 338 i n
arrow B dipsmtb}weétimasiowkbaﬂwusl y For a case where the notor voltage
rises and the period when the current in arrow B direction is cut off

becones i ; oper ation
ouch Thatt EERIne, Y Seculf dRtbERDY 6RO BINALE LURTORAY ISy Al OPer Bt 2

d, th i i-rection. i | ... B
oot oyi ng such Wi SHEHhack A Biodcheftibi mathod §F cttdl 28 1s 7
suf fi ci eempdopedeiheanethodr employsnai gatepulse vadthz ag, thadpylsrindi ng

at Pl ur lw bt s TheefforaeqdRe diferdtfon BATMHIA! SR ith thembi bf ed.

The mveg@: on QIZ cl al mi_ hzaz characteristic gf e sucagg)hat a desired

vol t age EalBe<diEf REGNZS b@?ﬁ@@B?natzm FAMG RSO/ WAGENy ol t age so as to
suppress the distortign in voltage waveform when the oqutput voltage becomnes
greater than ttwt}};@tiﬁlﬂi plbat%g;lr\r@mgaﬁa&ectl@m meth@ﬁ?t@f coADy 28h#s ni ni num
SrTect seaRblogel, e I e B L e ¥ ength
oo R thea DG B S e kI A i oibsom i (s VRREAF o oLt
t he mi ni pabtesht tybeveatpatnand détermimesdheugaberpiisengidtidaostieater its

i Fﬂnumb@ﬂ%%%k%ﬂ%gﬁs‘lhE?ﬁﬁ%ﬁﬁﬂfﬁgggﬁﬁi éﬂiﬁﬁ E{‘é’%@??&é@%@é{%fov(i o o

const ant fper cugrentrdeteciionhen '

. _ ; C Jmnkage Thereforeonthedseeuraput .
The i nverjdtertiin ©faHE ghidde &Pﬁ‘&%ﬁ%@%ﬁ‘ieﬁffem such that the phase

current can be detected even during ead tinme period. The invention of
claimd4 has ch £ Iph &84 E‘c‘iirx%?ﬁ“d%‘ﬁ?&tibge{ﬁeﬂﬁ)@&toP?:Taﬂﬁ g4ef ggted at
the timng en the_ nearl'y ayerage current an e | I’'nK™current

coi nci der@mpdoyad, dh& néeehqd tgriimaiesntlye patierno af svdchopperatinn

suppressqgy kauafs tv,ﬁi‘y‘lr?%f[ﬁ? (ﬁ{tf[ﬁfﬁ vectbraand® vadesofthenmidfin®hs m 1

t hrough cl ag?m 3. e.l ﬂ}\{eg i on of “cl ghm 5 Q%{Sa ghar aCterlkStZlfc}gef ftect such
that the B5tecRudshgidrhoRassdonponedhei Rsbaapbieh Testlie JHEREI0%Em [ ar o
that of dhe sécaraidetectivmofithel phasé.curréind isnvealized. of claim 6 has
characteristic effect such that the affection for the period when the
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The invention of claim 16 has characteristic effect such that the phase
current can be detected even during the dead tine period. The invention of
claim 17 has characteristic effect su@3 that the current can be detected at
the ,timng when the nearly average current and the DC |link current
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adjusting a voltage to be applied by varying a pul se application interval
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15. A phase current detection apparatus is an apparatus which detects a
phase current of a notor (4) based upon a DC link current and a vector
pattern to be applied and which restriZts the nini mum pul se wi dth, whi ch
apparatus is included in a notor driving apparatus for driving a notor (4)
by supplying outputs froma PW inverter (3) to the notor (4), the
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29. A phase current detection nethod as set forth in claim28, wherein a
period is cal cul ated when current appears on the DC link, fromthe current
flowing direction and the vector pattéfn to be output, and the gate-pul se
width is determ ned so that the cal cul ated period beconmes the m ni num
vector output period for current detection on the DC |link. 30. A phase
current detection nmethod as set forth in claim?28 or claim?29, wherein the
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applied and which restricts the m ni num pul se wi dth, which apparatus is
included in a notor driving apparatus for driving a notor (4) by supplying
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Brief Description of the Drawings

Figure 1 is a diagram illustrating an arrangement of a
motor driving apparatus using an inverter; !

Figure 2 is a diagram illustrating a relationship between a
voltage vector and phase voltage;

Figure 3 is a diagram useful in understanding a current
when the voltage vector V1 is output;

Figure 4 is a diagram useful in understanding a current
flowing in the DC link;

Figure 5 is a block diagram illustrating a phase current
detection apparatus of an embodiment according to the present
invention;

Figure 6 is a flowchart useful in understanding a phase
current detection method of an embodiment according to the
present invention;

Figure 7 is a diagram useful in understanding conceptual
operation of the phase current detection apparatus of Fig. 5;

Figure 8 is a block diagram illustrating a phase current
detection apparatus of another embodiment according to the
present invention;
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Figure 11 is a diagram useful in understanding conceptual

operation of the phase current detection apparatus of Fig. 9;

Figure 12 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention;

Figure 13 is a flowchart useful in understanding a phase
current detection method of a further embodiment according to
the present invention;

Figure 14 is a diagram illustrating an actual current
waveform of an example which flows in the DC link;

Figure 15 is a diagram illustrating an instantaneous
change of a phase current and average current, both being of an
example;

Figure 16 is a diagram explaining an actual current
waveform flowing in the DC link, dead time interval and
transient response interval, all being of an example;

Figure 17 is a diagram explaining an actual current
waveform flowing in the DC link, response time and sampling
time, all being of an example;

Figure 18 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention;

Figure 19 is a diagram useful in understanding an
estimation method of a current value of an example;

Figure 20 is a block diagram illustrating a phase current
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Figure 23 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention;

Figure 24 is a diagram illustrating a response of an
example of a power device based upon a gate signal;

Figure 25 is a schematic diagram illustrating the
processing for calculating the direction of the current from the
phase information of the current;

Figure 26 is a flowchart useful in understanding the
processing for calculating the direction of the current from the
phase information of the current;

Figure 27 is a schematic diagram illustrating the
processing for estimating the direction of the current from the
sequence of current values;

Figure 28 1is a schematic diagram illustrating the
processing of an example for turning off the switching device for
current detection;

Figure 29 is a schematic diagram illustrating the
processing of a preferred example for turning off the switching
device for current detection;

Figure 30 is an electric circuitry diagram illustrating a
motor controlling apparatus of an embodiment according to the
present invention;

Figure 31 is a diagram illustrating the response of another
example of the power device based upon the gate signal;
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Figure 33 is an electric circuitry diagram illustrating a
phase current detection apparatus of a further embodiment
according to the present invention.

Best Mode for Carrying Out the Invention

Hereinafter, referring to the attached drawings, we explain
the embodiments of the phase current detection method, inverter
controlling method and apparatus thereof according to the
present invention.

Fig. 1 is a diagram illustrating an arrangement of a motor
driving apparatus using an inverter. Table 1 represents a
relationship between an output voltage vector of an inverter
(power devices) and a switching condition of a switching device.

Table 1

Tu+ Tv+ 11;w+
Vo OFF OFF  OFF
V1 OFF OFF ON
V2 OFF ON OFF
V3 OFF ON ON
V4 | ON OFF OFF
V5 ON OFF ON
V6 ON ON OFF
\4 ON ON ON

Wherein, T,", T," and T,* represent switching devices of upper
arm of u-phase, v-phase and w-phase, respectively Ts +
MAX(Toff)represent switching devices of lower arm of u-phase, v-
phase and w-phase, respectively. In Table 1, ON represents a
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period within a carrier.

Fig. 2 illustrates the application voltage to the motor 4 in
two dimension. A case is defined to as u-phase direction that the
positive voltage is applied to u-phase while the negative voltage is
applied to v-phase and w-phase. Similarly, v-phase direction and
w-phase direction are defined. And, the magnitude of the
voltage is represented with the length of the vector.

In this case, voltage vectors VO~V7 are disposed as are
illustrated in Fig. 2. When a-vector between the voltage vector
V1 and the voltage vector V3 is output, for example, the voltage
vector is changed and is output suitably in the order of VO, V1, V3,
V7, for example, in the generic spatial vector method.

When the output voltage is made to be smaller (the length
of the vector is shortened), the output time of the voltage vector
V0, V7 is lengthened, and it is sufficient that the ratio of the
output times of the voltage vector V1, V3 is maintained to be
constant value for keeping the direction of the a-vector.

The phase current is detected from the DC link by using
the characteristics that w-phase current flows the DC link for the
period when the voltage vector V1 is output (refer to an arrow in
Fig. 3), while the reversed in positive-negative current of the u -

: phase current flows the DC link for the period when the voltage
vector V3 is output, when the a-vector is to be output, for example
{refer to Fig. 4 and “detection method in DC side of the three
phase output current of PWM inverter”, Tanizawa et al., Iea-94-
17 (hereinafter, referred to as reference document)}.

As is illustrated in the reference document, when the phase
current of the motor is detected based upon the inverter input, the
pulse width becomes narrower at the portion the phase voltage
outputs are adjacent so that great error may be generated in the
phase current or the phase current may become impossible to be
detected. @ By taking this into consideration, measure 1is
considered such that PWM is deformed at the portion where the
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ulse W1(ﬁﬁ‘ becomes narrower so that pulses having thin pulse
Wldth are not output and the phase current is measured under
this condition. But, the phenomenon of the pulse becoming
narrower is generated continuously because the portion where the
pulse width is thin is enlarged with respect to the portion as the
center where the phase voltages are adjacent, when the voltage is
extremely low such as low speed rotation. Therefore, it is
difficult that driving the motor for the entire region of the motor
driving extent only with the conventional measure.

When this disadvantage is taken into consideration, the
desired voltage in average can be obtained by determining the
minimum voltage vector output time when the low voltage where
the voltage vector becomes shorter is required or the voltage
difference between phases is smaller, and by applying the voltage
of the reversed direction when the output voltage becomes greater
than the predetermined voltage value due to the restriction of the
minimum vector output time.

Fig. 5 is a block diagram illustrating a phase current
detection apparatus of an embodiment according to the present
invention.

In this phase current detection apparatus, a first condenser
2a and three phase inverter 3 are connected between output
terminals of a rectification circuitry 2 which receives AC power 1
as input, and the output of the three phase inverter 3 is supplied
to a motor 4. And, a current detector 5 is provided between the
input side of the three phase inverter 3 and the first condenser 2a.

The phase current detection apparatus comprises an
output time detection section 6a, output time enlargement section
6b, subtraction section 6g, output error integrating section 6d,
reverse vector generation section 6e, and selection section 6f.

The output time detection section 6a receives a voltage
vector command as input, and detects a voltage vector which
should be enlarged its output time.
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The output time enlargement section 6b receives the
voltage vector command and the voltage vector detected by the
output time detection section 6a as input, and carries out
enlargement processing for output time (enlarge the output time
up to a length allowing the current detector 5 to detect the voltage
vector).

The subtraction section 6g subtracts the length of actually
output voltage vector from the voltage vector command, and
outputs an error.

The output error integrating section 6d integrates the error
from the subtraction section 6g and calculates an integrated error
of an output with respect to the voltage vector command.

The reverse vector generation section 6e outputs a vector
(reverse vector) which is obtained by replacing the ON/OFF in
Table 1 for the enlarged voltage vector.

The selection section 6f carries out the replacing operation
depending upon the sign of the integrated error from the output
error integrating section 6d so as to select the output from the
output time enlargement section 6b and the output from the
reverse vector generation section 6e.

Fig. 6 is a flowchart useful in understanding a phase
current detection method of an embodiment according to the
present invention.

When a voltage vector command is given, in step SP1, it is
judged whether or not a voltage vector length is smaller than a
predetermined specified value. When it is judged that the
voltage vector length is smaller than the predetermined specified
value, in step SP2, a processing for enlarging a voltage vector
length is carried out.

When it is judged that the voltage vector length is equal to
or greater than the predetermined specified value, or when the
processing of step SP2 is carried out, in step SP3, it is judged
whether or not an integrated error is equal to or greater than 0.
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vector is generated.

When it is judged in step SP3 that the integrated error is
equal to or greater than 0, or when the processing of step SP4 is
carried out, in step SP5, a voltage vector is output. In step SP6,
an output voltage is subtracted from the voltage vector command
so as to calculate an error. In step SP7, the error is integrated.
Then, the processing returns to the original processing.

Next, the operation and effect of the above phase current

detection apparatus and method are described with reference to
Fig. 7.

When a short voltage vector V1 is included in the voltage
vector command, as is illustrated in Fig. 7, the output time
enlargement section 6b enlarges the voltage vector V1 up to the
minimum vector length based upon the output from the output
time detection section 6a.

And, the generated error from this is integrated by the
output error integrating section 6d (refer to section a in Fig. 7).
Because the integration result is negative, the reverse vector
generation section 6e generates the reverse vector V6 having the

minimum vector length in next carrier (refer to section b in Fig.
7).

When this operation is carried out, the integrated error
becomes positive so that the voltage vector V1 enlarged up to the
minimum vector length is output again in next carrier.

As is described above, the voltage vector having a length
equal to or longer than the minimum vector length is output while
the error between the voltage vector and the voltage vector
command is made to be smaller. As a result, detection accuracy
of the phase current is improved.

Fig. 8 is a block diagram illustrating a phase current
detection apparatus of another embodiment according to the
present invention.
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This phase current detection apparatus is different from
the phase current detection apparatus of Fig. 5 in that the
enlargement of the voltage vector length and outputting of the
reverse vector are carried out based upon the difference between
the current command and the motor current, instead the
enlargement of the voltage vector length and outputting of the
reverse vector based upon the integrated value of the error
voltage. Wherein, the current flowing the coil is the integration
of the voltage so that the operation and effect similar to those of
the phase current detection apparatus of Fig. 5 can be realized
using the phase current detection apparatus of Fig. 8.

Description is made further.

The phase current detection apparatus of Fig. 8 comprises
a current controlling section 7a, voltage vector generation section
7b, reverée vector generation section 6e, selection section 7c,
output time detection section 6a, and output time enlargement
section 6b.

The current controlling section 7a receives the current
command and the detected current from the current detector 5 as
input, carries out the current controlling operation, and outputs
the voltage command.

The voltage vector generation section 7b receives the
voltage command as input, generates a voltage vector command
from the phase angle and amplitude of the voltage command and
generates a changeover signal.

The reverse vector generation section 6e receives the
voltage vector command as input, and outputs a reverse vector.

The selection section 7c¢ selects one of the voltage
vector command and the reverse vector based upon the
changeover signal.

The output time detection section 6a receives the voltage
vector command output from the selection section 7¢ as input, and
detects a voltage vector which should be enlarged its output time.
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voltage vector command and the voltage vector detected by the
output time detection section 6a as input, and carries out
enlargement processing for output time (enlarge the output time
up to a length allowing the current detector 5 to detect the voltage
vector).

When this phase current detection apparatus is employed,
the voltage command is generated by the current controlling
section 7a from the current command and detected current. And,
the voltage vector generation section 7b generates the voltage
vector command from the phase angle and amplitude of the
voltage command.

But, the minimum vector length is restricted by the output
time detection section 6a and output time enlargement section 6b.
Therefore, a voltage actually applied to the motor 4 may become
greater than this value so that the current may flow too much so
as to mage the voltage command to be negative.

In this case, the voltage vector having a length equal to or
longer than the minimum vector length while the difference
between the current and the command current is made to be
smaller by controlling the selection section 7c so as to output the
reverse vector generated by the reverse vector generation section
Ge.

Fig. 9 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention.

This phase current detection apparatus is different from
the phase current detection apparatus of Fig. 8 in that a section
for outputting only the voltage vector command is employed as
the voltage vector generation section 7b, in that the selection
section 7c is omitted, in that the reverse vector generation section
Ge is omitted, in that a section for outputting also an output pause
command and for supplying this output pause command to the
voltage vector generation section 7b for a predetermined period
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(for example, 1 carrier) responding to the fact that the voltage
vector shorter than the minimum vector length is employed as the
output time detection section 6c.

Fig. 10 is a flowchart useful in understanding a phase
current detection method of a further embodiment according to
the present invention.

When a current command is given, in step SP1, a DC link
current is detected by the current detector 5. In step SP2, the
current controlling operation is carried out and the voltage
command is obtained. In step SP3, it is judged whether or not
the output pause is instructed.

When the output pause is not instructed, in step SP4, a
voltage vector is generated. In step SP5, it is judged whether or
not the voltage vector length is shorter than the specified value.

When it is judged in step SP3 that the output pause is
instructed, in step SP6, output pause is canceled. -

When it is judged in step SP5 that the voltage vector length
is shorter than the specified value, in step SP7, the vector length
is enlarged. In step SP8, the voltage vector is output. In step
SP9, the output pause is instructed.

When it is judged in step SP5 that the voltage vector length
is equal to or longer than the specified value, in step SP10, the
voltage vector is output. And, when the processing of step SP6 is
carried out, when the processing of step SP9 is carried dut, or
when the processing of step SP10 is carried out, the processing is
returned to the original processing.

Next, the operation and effect of the above phase current
detection apparatus and method are described with reference to
Fig. 11.

When a short voltage vector V1 is included in the voltage
vector command, as is illustrated in Fig. 11, the output time
enlargement section 6b enlarges the voltage vector V1 up to the
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minimum vector length based upon the output from the output

time detection section 6a.

And, an error is generated in the output current due to this
(refer to section a in Fig. 11).

The error in the output current is reduced, or the sign is
reversed by pausing the output of the voltage vector in the carrier
next to the enlargement of vector length.

The voltage vector is output again in next carrier.

The voltage vector having a length equal to or longer than
the minimum vector length can be output while the error between
the current and the current command can be made to be smaller
by similarly pausing the output of the voltage vector for a carrier
next to the enlargement of the voltage vector thereafter.

In this embodiment, the output pause time is determined
to be 1 carrier. It is preferable that the output pause time is
changed in response with the enlargement width, enlargement
ratio in width of the voltage vector.

It is also possible that an integrated error obtained by
integrating the error voltage is employed instead the current
deviation.

Fig. 12 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention.

This phase current detection apparatus is different from
the phase current detection apparatus of Fig. 9 in that a current
pattern calculation section 7d, dead time for and against map 7e,
and sample timing calculation section 7f are further provided,
and in that a section further having function for receiving a dead
time permission signal and for detecting a voltage vector shorter
than the minimum vector length by including the dead time in the
output time is employed as the output time detection section 6c.

The current pattern calculation section 7d receives the
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calculates the direction of the phase current.

The dead time for and against map 7e receives the
direction of the phase current and the voltage vector command as
input, determines whether or not the current detection is possible
within the dead time, and outputs a dead time allowance signal
when the current detection is possible.

The sample timing calculation section 7f outputs a current
detection timing signal at a predetermined timing within the
vector output period including the dead time from the voltage
vector output and the output signal from the dead time for and
against map 7e, and supplies the current detection timing signal
to the current detector 5.

Fig. 13 is a flowchart useful in understanding a phase
current detection method of a further embodiment according to
the present invention.

When the current command is given, in step SP1, a DC link
current is detected by the current detector 5. In step SP2, a
current pattern is calculated from the detected DC link current
(phase current). In step SP3, a voltage command is obtained by
carrying out the current controlling operation. In step SP4, a
voltage vector is generated based upon the voltage command. In
step SP5, it is judged whether or not current detection is possible
within the dead time. In step SP6, it is judged whether or not
the dead time is available. ‘

When it is judged in step SP6 that the dead time 1is
available, in step SP7, it is judged whether or not sum of the
voltage vector length and the dead time is less than a
predetermined specified value.

When it is judged in step SP7 that the sum of the voltage
vector length and the dead time is less than the predetermined
specified value, in step SP8, a voltage vector length is enlarged till
the sum value becomes the specified value.
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When it is judged in step SP6 that the dead time is not
available, in step SP9, it is judged whether or not a voltage vector

length is less than a predetermined specified value.

When it is judged in step 9 that the voltage vector length is
less than the predetermined specified value, in step SP10, the
voltage vector length is enlarged.

When it is judged in step SP7 that the sum value is equal
to or greater than the specified value, when it is judged in step
SP9 that the voltage vector length is equal to or greater than the
specified value, when the processing of step SP8 is carried out, or
when the processing of step SP10 is carried out, in step SP11, the
voltage vector is output. In step SP12, it is judged whether or
not the dead time is available.

When it is judged in step SP12 that the dead time 'is
available, in step SP13, the dead time is added to the voltage
vector length.

When it is judged in step SP12 that the dead time is not
available, or when the processing of step SP13 is carried out, in
step SP14, a sample timing is calculated. Then, the series of
processing is finished.

Then, the operation and effect of the above phase current
detection apparatus and method are described.

The currsnt schematically illustrated in Fig. 4 includes a
dead time (a condition in which both switching devices of upper
arm and lower arm are turned OFF) in actual, as is illustrated in
Fig. 14.

The current flowing the DC link during the dead time is
determined based upon the direction of the phase current and the
applied voltage vector. Therefore, the dead time period in
addition to the application period of the voltage vector becomes
the period which allows the current measurement when the
current to be measured corresponding to the applied voltage
vector is equal to the current flowing within the dead time. That
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dead time period when the reflux diode which turns ON within
the dead time period determined based upon the direction of the
current and the transistor which turns ON corresponding to the
applied voltage vector are the same. An example of this

relationship is illustrated in Table 2.
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1/0]0j0]j0]0 0 4 0 X
110j1]0]010 0 5 0 X
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d 01 (0!0]1]1|0]1 5 1 |\ +
0j1)011]06 1 5 2 v -
01141111071 5 3 Iv -
1/0/0]0(011 1 4 Iw -
1/]0j1]0j0]1 1 5 Iw +
1{1/0]0]0]|1 1 6 Iw -

d 10 0j0]1]1]1]0 6 1 lw -
6j1/0fJ1]1(0 6 2 Iw +
0f1]111]11]0 2 3 Iw -
1/0/0]0j1]0 2 4 Iv -
1]0]1]01]0 2 5 v -
1[1]0)j0i1]0 2 6 Iv +

d 11(0j0]1]1]1]1 7 1 0 X
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01111111 7 3 0 L
110]04{0(1}1 3 4 lu -
1010111 3 3] u -
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0j]1]0j0j00 0 2 0 X
0l1/1/0j010 0 3 0 X
1{0i0[0]1]0 2 4 v -
1{0]1(0]1]0 2 5 v -
1/1{0]0]0]0 0 6 0 -

In Table 2, ON in Table 1 is represented with “1”, and
timing within the dead time period is represented with d, for
conditions of SW and for conditions of terminal voltage. Flowing
into the motor is represented with “1” for a direction of the

. current. The DC link current represents the current appeared in
the DC link at this timing and the polarity thereof. A pattern
can be obtained from this which pattern corresponds allowance of
current measurement even when the timing is within the dead
time period. Other patterns are also obtained.

Therefore, the phase current was conventionally detected
only within a period excluded the dead time uniformly. But, the
phase current can be detected even within the dead time period
when this embodiment is employed.

In this embodiment, it is judged whether or not the phase
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dead time for and against map. But, it is possible to judge
whether or not the phase current can be detected within the dead
time period based upon the range of the difference between the

voltage phase and current phase.

In each of the above embodiments, it is preferable that the
center of the period wherein the current corresponding to the
voltage vector is observed through the shunt resistor is employed
as the current sampling timing.

Description is made further.

A relationship of an example between the instantaneous
waveform of the phase current and average current is illustrated
in Fig. 15. The illustration is made as single phase for simplicity
in description.

It is preferable that the average current is measured as the
phase current. But, a great error is generated at turning ON
timing of PWM and at turning OFF timing of PWM because
higher harmonics due to PWM is included in the instantaneous
current. As is described earlier, the phase current may flow in
the DC link within the dead time period. In this case, there
exists the difference between the current flowing through the
switching device and the current flowing through the reflux diode,
but the connection relationship between the DC link and each
phase of the motor is the same to that for voltage vector output.
Therefore, it is sufficient that this is considered to be included
within the turning ON time of PWM.

When those are taken into consideration, higher harmonics
error is reduced by employing the center of the period during
which the current corresponding to the voltage vector is observed
through the shunt resistor as the timing which is within the
period the phase current flows the DC link among the period for
turning ON of PWM and the dead time period, and at which the
nearly average current and DC link current are coincident to one
another.
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! WIQI(;/#&dSaad time is well smaller in comparison with the
turning ON time of PWM in usual, and the appearance time itself
of the voltage vector is short when the turning ON time of PWM is
shorter with respect to the dead time, therefore the current
higher harmonics becomes smaller so that error is difficult to be
generated. As a result, the current detection can be carried out
at the center of the turning ON time of PWM excepting the dead
time so that the controlling can be simplified.

There exist a case in which the current detection is possible
and a case in which the current detection is impossible in the
dead time periods. When the actual current detection is taken
into consideration, there exists a period in which current cannot
be measured within the transient period from the change in
current value till the circuit becoming stable. Therefore, it is
necessary that the measurement of current is made accurately by
avoiding the transient condition and that the measurement of
current is made without unnecessary pulse restriction.

When taking this into consideration, it is preferable that
the current is sampled at the center of the period which is
excluded the period from the beginning of the period during when
the current corresponding to the voltage vector is observed
through the shunt resistor till the hardware becoming stable.

Fig. 16 illustrates an actual current waveform of an
example.

In this case, it is sufficient that the current detection is
carried out within the period ¢, f excluding the dead time and
transient response period. It is preferable that the dead time
period d allowing the current detection is also included in the
detection period, and that the current is detected at the center of
the periods ¢, d when the voltage vector V1 is output, while the
current is detected at the center of the period f when the voltage
vector V3 is output, for example.

When the sampling at the center, described above, is
impossible due to the restriction by the response time such as
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delay, settling time of circuit, it is preferable that sampling is
carried out at a timing later than the timing the response time
has passed from the beginning of the period so that the phase
current can be detected with accuracy.

Specifically, when the current waveform flowing the DC
link is given as illustrated in Fig. 17, for example, sampling at the
center as is described above is impossible because the response
time is longer than half of the period ¢, d. But, the phase current
can be detected with accuracy by carrying out sampling at a
timing later than the timing the response time has passed from
the beginning of the period c.

Fig. 18 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention.

This phase current detection apparatus comprises a d-q
axes conversion section 8a, current value storing section 8b, d-q
axes PI controlling section 8¢, current comparison section 8d,
voltage vector generation section 8e, and sample timing
calculation section 8f.

The d-q axes conversion section 8a receives the DC link
current output from the current detector 5 as input and converts
the current into a current on rotating coordinate d-q axes which
rotates to suit the rotor following the rotating position of the rotor
calculated separately. Therefore, this output becomes a DC
vector when the current smoothly rotates following the rotation of
the rotor.

The current value storing section 8b stores the current
value for 1 carrier.

The d-q axes PI controlling section 8c calculates an output
voltage command by the PI controlling from the current command
and current detection value.

The current comparison section 8d judges whether or not
the current vector has greatly changed by comparing the current
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value from the current value storing section 8b.

The voltage vector generation. section 8e generates a
voltage vector from the calculated output voltage command.

The sample timing calculation section 8f outputs a sample
timing properly in response to the voltage vector, and supplies the
sample timing to the current detector 5.

The reference of 8h represents a selection section which
carries out changeover operation based upon the output signal
from the current comparison section 8d, and selects one of the

! current from the d-q axes conversion section 8a and the current
from the current value storing section 8b. The reference of 8g
represents a subtraction section which calculates a difference
between the current command and the selected current.

Qpération and effect of the phase current detection
apparatus having the above arrangement are as follows.

When the output voltage vector is short, and when the
current cannot be detected with accuracy by the current detector
5, the output from the d-q axes conversion section 8a changes
greater in comparison to the previous case. Therefore, it is
judged that the current detection has failed when it is judged in
the current comparison section 8d that the current vector has
changed greater, and the current value from the current value
storing section 8b is selected by carrying out the changeover
operation of the selection section 8h.

The operation and effect of the subtraction section 8g, d-q
axes PI controlling section 8c, and voltage vector generation
section 8e are known, therefore the description is omitted.

In the above case, the current detection is not carried out.
No great problem is generated because the voltage vector length
becomes short only for a case that two phase voltages become
nearly the same to one another when the motor is usually driven,
and because the voltage vector length becomes longer following
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In this embodiment, the failure of the current detection is
detected, and the current value (current estimation value) from
the current value storing section 8b is selected, but the voltage
vector output period being equal to or less than a predetermined
threshold value may be detected, and the current value from the
current value storing section 8b may be selected.

Instead of providing the current value storing section 8b, it
is possible that the integration item of the d-q axes PI controlling
section 8c is employed so that the arrangement can be simplified.

: In the above embodiment, the current value from the
current detection section 5b is employed as it is as the current
value. It is possible that a current value at a desired timing is
estimated by correcting the shifting in current due to the shifting
between the timing for carrying out the d-q conversion and the
sample timing for current detection to suit the pulse output which
ample timing is instructed by the sample timing calculation
section 8f, using a current estimation value generated from the
current detection values in the past. It is also preferable that
the current measurement value from the current detection section
5b is reflected to the controlling for each sampling timing so as to
make the controlling faster.

) Description is made further with reference to Fig. 19.

In Fig. 19, tn-2, and tn-1 are prior current obtainment
values, and t0 is a current detection timing, and tn is a desired
current obtainment timing.

When a current value to be obtained is supposed to be a
phase current, the current value changes in nearly sine wave
shape following the rotation of the rotor. Therefore, when the
current detection timing is different from the current obtaining
timing, and when the operation is carried out as it is, an error is
generated due to the current change following the rotation.

But, a current value with little error is obtained even when



MLO%#& ()--[ MLO%#& ()--[ MLO%H& ()--j:l:n:ip:s:u:_D+6[Mw [ MLO%H& [
MLOYS#&' ()--[ MLO%#& ()--[ MLO%& ()--[ MLO%& ()--]

MLO%#& ()--u:v:wy:{:}:vV6D+6[ M MLOYER' ()--[ MLO%H& ()--[ MLO%H& ()--[
MLO%#& ()--Mw K}::::::: ?+6[M MLO%#& ()--[ MIO%H& ()--[ MLO%H& ()--[
MLO%#& ()--[ MLO%#& ()--[ MLO%& ()--::::::uUb?+6[ M MLO%H& ()--[
MLOY%#&' ()--[ MLO%t& ()--Mw K] I\/IlOfV#&()--::::::: _?+6[M [ MLO%& ()--[
MLO%#&' ():-[ MLO%& ( 098& (

the current detechon fime 18 d1f[ferent from the current obtaining
timing, by calculating the current estimation values at t0 and tn
from the obtained current values prior to tn-1, and by adding a
difference between the actual measurement value at t0 and the
estimation value at t0 to the current estimation value at tn, and
by determining the addition result as the detection current value
at tn.

Fig. 20 is a block diagram illustrating a phase current
detection apparatus for carrying out the above correction.

This phase current detection apparatus is different from
the phase current detection apparatus of Fig. 18 in that a
comparison section 8i and addition section 8j are provided
between the current detector 5 and d-q axes conversion section 8a,
in that a reverse d-q axes conversion section 8k is provided, and in
that the current comparison section 8d and selection section 8h
are omitted,

The reverse d-q axes conversion section 8k receives the d-q
axes average current output from the d-q axes PI controlling
section 8c as input, and converts the d-q axes average current into
the phase current following the rotation position of the rotor
calculated separately.

The comparison section 8i compares the phase current and
the corresponding current value detected by the current detector
5, and calcuilates an error current (  at t0 in Fig. 19).

Therefore, the timing for obtaining current (tn in Fig. 19)
has reached, the phase current from the reverse d-q axes
conversion section 8k and the error current from the comparison
section 8i are added, and the addition result is supplied to the d-q
axes conversion section 8a as the current detection value.

As a result, a desired voltage vector can be generated using
the current value corrected by the addition of the error current.

Further, it is possible that the estimation current is
corrected by operating an amplitude error from the error current,
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and by adding éhe amplitude error to the estimation current at a
desired timing.

Description is made further with reference to Fig. 21.

The current estimation values (b and c) at t0 and tn are
calculated from the detected current values prior to tn-2, and tn-
1, the ratio of the actual measurement value (a) at t0 and the
estimation value (b) at t0 is multiplies to the current estimation
value (c) at tn, and the multiplication result is determined to be
the detected current value (d) at tn. Therefore, the current value
with little error is obtained even when the current detection time
is different from the current obtaining timing.

When this correction is to be carried out, it is sufficient
that a division section 8m is employed instead the comparison
section 8i, and that a multiplication section 8n is employed
instead the addition section 8j.

When the error in amplitude is calculated as a ratio, the
estimation with high accuracy is realized when the current value
is great, but when the current value is small, affection of noise
appears greatly so that the estimated current is greatly different
from the actual current.

Therefore, good current estimation is always realized by
properly changing over the estimation method corresponding to
Fig. 19 and the estimation method corresponding to Fig. 21
depending upon the current value.

Fig. 22 is a block diagram illustrating an inverter
controlling apparatus of an embodiment according to the present
invention.

This inverter controlling apparatus comprises a reverse d-
q axes conversion section 9a, error current detection section 9b,
d-q axes conversion section 9¢, d-q axes PI controlling section 9d,
voltage vector generation section 9e, and sample timing
calculation section 9f.
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The reverse d-q axes conversion section 9a converts the
current command onto a phase current command using a rotor
angle calculated separately.

The current detector 5 for detecting the DC link current
outputs not only the detected current but also a phase signal
representing which phase is the current.

The error current detection section 9b compares only the
detected phase, and determines the other phase to be 0 which is
output as the error current.

The d-q axes conversion section 9c¢ converts the error
current into the d-q axes current.

When the inverter controlling apparatus is employed, the
current controlling following the current command is realized by
outputting the error current between the phase current command
and the detected current value by the error current detection
section 9b, and by supplying the error current to the d-q axes
conversion section 9c, d-q axes PI controlling section 9d, voltage
vector generation section 9e sequentially.

In this case, accumulation of error is small because
unnecessary estimation is not carried out. The controlling speed
of the current controlling loop can be raised because the
calculation for next voltage vector can be started just after the
detection.

The operation and effect are similar to those of a case in
which the inverter controlling apparatus is applied to sensor-less
controlling of a motor.

Fig. 23 is a block diagram illustrating a phase current
detection apparatus of a further embodiment according to the
present invention.

The current detection section 5b receives the voltage
between terminals of the shunt resistor 5a as input and measures
the DC link current, and supplies the measurement result to the
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o QabF1ripEh 1t CheNohdition of the switch at the voltage changing
timing based upon the direction of the current and the instructed
voltage vector (pattern and length) from the motor controlling
section 10. The gate pulse width enlargement section 1lc
calculates a required gate pulse width required for current
detection from Table 3 based upon the output from the vector
pattern table 1lb, enlarges the gate pulse width up to the
required gate pulse width when the gate pulse width is short, and
supplies the required gate pulse to the PWM modulator 11d.

Table 3
IS)X;ZCEI:);) :?:ion Gate pulse width for assuring Ts Curregfntiiflf;ection
vector output
ON ON Ts + MAX(Ton) — MIN(Tdon) Ts + MAX(Ton)
ON OFF Ts + MAX(Ton) — MIN(T'doff) Ts + MAX(Ton)
OFF ON Ts + MAX(Toff) - MIN(T'don) Ts + MAX(Toff)
OFF OFF Ts + MAX(Toff) — MIN(Tdoff) Ts + MAX(Toff)

Now, the current detection timing is output simultaneously.
When the detection timing has reached in the PWM modulator
11d, the timing is sent to the current detection section 5b.

Further, the contents of the vector pattern table 11b are
represented in Table 4, for example.



5| h: 109%& () -| h: 10%& () -| h: 10%& () - :
©ooor; ?E10#| h: 1| h: 109 ()-| h: 109 ()-|h: 109 ()-|h: 109 ()-|h: 10%& ()-|h: 1

0% ()-;;;;;;1?EL1O0MEX 5| h: 10%& ()-| h:8B0%& () -| h: 10%& ()-| h: 109%& () -
2o dDE1OMEX

| h: 109%&' ()-| h: 10%& ()-| h: 10%& ()-| h: 10%& ()-| h: 10%& ()-| h: 10%&' () -
s DE1OMEX

| h: 109& | h: 109%&' () - | h: 109& ()-|h: 10%& ()-|h: 109%& ()-| h: 10%& () -
;;;;;vveﬁablq& 0%&'() |h 10%&'() |h 10%&'() |h 10% () - MEX 5

,() ;;;;;;uU5?_LU|V||T“ : - ()
ooy _?E10M | h; 109& ()~ ) h- L LOR () - |h 109&' () |h.10%&
'()-;;;;;;q%‘ﬁﬁ'd@’f“: AT RS Z- ag}ﬂ ()-
5o _?E10M T0%&: SO0 Cyol b 1 ' ent h:-10%8' () | h: 10%&
"()-5n s QBPEEeM-t AR5 drw, K by goterl() - -
L1 << _?E10M h—tHp-16 1461 1‘( HI %{f&#‘”— ~30%& ()-| h: 1
0% () - <<< <<[<T?7ETOVEX | Pl 16%&s (J7 1|V TQY& ) i 1T 1 &w o [ T010%& () -
<<<<<<<dDE1OMEX ¢ 0 [0 |4 |4 [6 7 [7 [0 [0 JIu |Iu [Iw JO_ 0O
| h: 109&' ()-| h{109%& ()t hf40% @) {6h} 0% |©) -[|1h: LRIRT )|-Iwh] AOY&' (]) - <<<<" <$<_
DE10NMEX 3 0 |4 |4 [4 6 |67 [0 |IuIu |Iu jIw [Iw ][O
| h: 10%&' | h: 10%4& (_}_-1 h 1(2) 4 Bhiq0PR (N - |0: [HAURIV( ) W H-I¥ QD = P<UR&<(<* <, <
VVBDELOM h: 10%& {5~ | hl90p%. @) 1 2n {6 obfe (A 110k limoglve Y Inpiw | Iw |0 (
5, <. <0<2<4<6<b<—2E10M b w%' 2 16 hhogd A0 | 2ol Ly il 90l | h: 109%& ()
i h: 109 () - 9k <<im<akhqidgriang 6. o PR ;é.}j D23 MEx
5| h: 10%&' () - AR C% _%E_lﬂfv gL OeR& To) =TT T 60 )-| h: 109%&' (
)-| h: 109&' () - [hT TRY& (¢ - MRHIRE <[ RAUSZELON| - TRV T )k N 0%& (|) - MEX
5 h:109%&' ()-| h: 108& ()e[|d < 2<agcfe<px [ZEIOM |[h: LY )|-1hh] LOY& (]) - | h: 109&' (
Y- h: 109& ()-[h: 199%&' (0 -]|%:|20%& (3 - oXi|d <n<d<p<(F?ELONI: 1RY&0()|- MEX
5| h: 109%& () - | 1_10_%&( 0] 0 11@%3 () 3 p¥ it 7<y x<A<| KIv2lETOMI: 1luh 0%k () -| h: 10%
& ()-|h: 109& O-1%: 1008 (O Ji2ni800& I3 1T-1Pookd (J T slncade OE]QNE
7 '3 0 [0 2 J2 3 I'T "7 ]0o Jo '[Iv |Iv [In 0 O
1 0 JoJ1 s [3 7 |7 o (o [[Iw[m [ ]o Jo
5 0 |0 1 |[3 3 3 7 10 0 Iw |Iu (Iu [In (0
4 0 (1 1 ]38 /3 [8 7 [0 [Iw [Iw |Iu |[Iu [Iu [0
(] 0 {1 {1 |1 §3 (3 |7 |0 Iw |Iw |Iw ffIn |Iua O
2 0 2 J1 [1 37 |7 [o {iw|Iw |[Iw {Iu JJo JoO
3 0 o fx 1 37 |7 1o Jo [iw |Iw JIu [O |O
1 0 [o 1 ]5 {57 |7 1o Jo Jiw]|Iv |Iv o Jo
5 0 o 1 (1 5 {7 17 jo o Jiw |Iw [Iv o |o
4 0 1 J1 j1 57 17 [o [iw|Iw|Iw {Iv O |O
6 0 1 J1 1 |5 [5 17 [0 [[Iw |Iw |Iw [[Iv [Iv [0
2 0 1 [1 |5 (B |H |7 (0O Iw jIw jiIv [Iv |Iv 10O
3 0 jo 115 (5 [5 7 |0 [0 JIwl|Iv [Iv |[Iv (O
1 0 4 14 {4 5 7 (7 [0 Jlu | [Iu [Iv O |0
5 0 |o 4 |4 57 7 [0 {0 [Iu v o Jo
4 0 {0 t4 5 5 7 170 jo jm|Iv [Iv [o |0
6 0 o455 |5 |5 710 (0o |Wmiliv [Iv [Iv o
2 0 4 |45 {5 [5 17 [0 [Iu |[IuIv |Iv [Iv [0
3 0 4 |4 4 5 5 7 0 Iu |Iu |[Tu {Iv Iv 0
A Triangle wave rising Triangle wave falling
—! Upper arm ON timing | Upper arm OFF timing
Lower arm OFF timing | Lower arm ON timing
Upper arm ON timing | Upper arm OFF timing
Lower arm OFF timing | Lower arm ON timing
Upper arm ON timing Upper arm OFF timing

Lower arm OFF timing { Lower arm ON timing




5/ h: 109%&' ()-| h: 10%& ()-]| h: 10%& ()-| h: 109&' () - <<<<<<<dDE10MEX

| h: 109&' ()-|h: 10%& ()-| h: 109 ()-| h: 10%& ()-]h:10%& ()-]h: 109%& () -<<<<<<_DE
10MEX

| h: 109& | h: 109%&' ()-| h: 109& () -| h: 109%& () | h: 109&' () -] h: 109%&' () - <<<<<<vV6DEl
OM h: 10%&' ()-| h: 109&' ()-| h: 10%& ()-]| h: 10%&' () - MEX

b<<<<<g<< ?E10M h: 10%&' () -| h: 10%& (0)- |h 10%& ()-1h:10%& ()-|h: 109" ()-| h: 10%
& () - <<<<<<uU5?2E10M h: 10%& ()- 0%&' ()-|h:109%& () - MEX

5| h: 109&' () - <<<<€8er 1@M1FH¥1 ,%JH' W‘lO%& ()-]1h:20%& ()-|h:109% ()-| h: 10
&' ()-|h: 10%& () - <<<<<<qU5?E10M h: 10%& ()-| h: 109%&

5| h: 10%& () - | h:Coyeen} -empleys vmtomneprmmtapqm&m;od&teymmmgw&m) | h: 10

3 h Lok g?“’%ﬁ@ﬁi}k f’?ﬁ%%‘b <1§Zl§§%¥‘£é%°%?‘% ﬁ?%‘?% e - n

. 109& () -irectan ()0 /& CULTERL1 0 hgopmes << in’ bin
5 h: 100 Képﬂébe’r% énr) I\ﬁhéﬁ%ﬁa 498 18Mowi i_’f 1le V-
ngig%& CAnhd: & and vgf)pljlase are 1rr]1g19r(i%1%c11lon egzallrxpleO%BAE )chls
g fl\l/l ﬁoi/%(y%ﬂ@ﬂrf'tb?%ﬁ%m W?’t&% ﬁ%@( oA ]ink| based& uporr=re=vV6DEL
- c a %@Jﬁjﬁb urrent,,as  is 0
$&(EL( )1&@&&36525? *bleloalf&% aranmtﬁ qg?‘(? A &Eﬁé}nl 0%

)

VR — — —A=A—=8— 0 0 0

b 2003 “*ﬁ vOLE _@:”k@%%éﬁfgmk“ %‘%gg‘ %*Ex“’/& (

| h: 10%&1@ ﬁhligo povtion=repr rd Ieme§9n $: 100 (

Il i i S e e

O~ b TR et iighy ﬁqpré%ﬁé) T, VEJEREE) VRt Iy Lt 1ESs i

5| h: 109& c(@nqlitmmﬂia(t)t ha: ot hashsatided( respectively=| Tre BNk

[ 109 (O ol oo i ¥ b o A0 MEvfiid EAOTHE Qla======_0
Further, a section illustrated with a thick line represents the

changing timings of voltage and current, and switch condition for

causing the change is represented in the lower section. Table 4

is created by taking the vector generation based upon the triangle

wave comparison as an example. It should be noted that switch

operation becomes reversed depending upon the rising and falling

of the triangle wave.

5
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5
)
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As is understood from Table 4 it is known that whether or
not the current can be observed within the dead time based upon
the outputting voltage vector, and that the current change is
caused which operation of the switch.

Next, the method for determining the minimum gate pulse
width is described.

The response of the power device based upon the gate
signal is a response which is illustrated in Fig. 24. In Fig. 24,
the gate signal is an instructing signal for turning ON/OFF the
power device. Icrepresents a current of the power device. Tdon
represents a period from the gate signal ON till the power device
signal Ic begins its changing. Tr represents a rising time of the
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calculated gate pulse width.

It is preferable that the response time is determined for P-
side, N-side and every switching device, and that the minimum
gate pulse width is changed to suit the switching device causing
current change. Wherein, the switching device of P-side
represents the switching device connected to the positive voltage,
while the switching device of N-side represents the switching
device connected to the negative voltage.

It becomes possible that the minimum gate pulse width is
determined by taking the response time for each interval of the
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response time of the device into consideration which response
time is at every entry provided for every combination of the
direction of the current and voltage vector in the vector pattern
table 11b of Fig. 23; the gate pulse width are enlarged by each of
the pair of gate pulse width enlargement sections 11c when the
length of the instructed voltage vector for the motor controlling is

shorter than the minimum gate pulse width.

The direction of the current can be calculated from the
phase information of the current.

Description is made further.

When the electric angular rotation speed of the motor is
supposed to be |, as is illustrated in Fig. 25, it is understood that
the current vector at the time t on UVW coordinates advances

t after the time has passed. Therefore, the current vector
which is advanced the current vector by t is estimated, then .
the direction of the current of each phase is calculated based upon
the direction. In this case, no error due to rotation is generated
so that the estimation with high accuracy becomes possible for a
case such as high speed rotation.

Fig. 26 is a flowchart useful in understanding the
processing.

In step SP1, the current vector is detected. In step SP2,

t is calculated from the detection time. In step SP3, the vector

advanced the current vector by t is calculated. In step SP4,

the direction of the current of each phase is calculated. Then,
the series of operation has finished.

The direction of the current can also be estimated from the
sequence of current values.

Description is made further.
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It is possible'that the current value at time t3 is calculated

by the linear extrapolation, for example, from the detection
current at time tl and detection current at time t2 both
corresponding to one phase, and that the direction of the current
is calculated using this current value. In this case, the direction
of the current can be detected even when measurement error
exists in the rotation speed, because the rotation speed
information and the like are not used. Further, error can be
made smaller even when the current changes relatively faster
with respect to the rotation speed.

Here, the linear estimation is exemplified, but
improvement in accuracy is possible of course by carrying out
higher estimation.

Further, it is preferable that the processing for calculating
the direction of the current from the phase information of current
and the processing for estimating the direction of the current from
the sequence of current values are changed over depending upon
the rotation speed. '

The processing for calculating the direction of the current
from the phase information of current is effective for high speed
case, while the processing for estimating the direction of the
current from the sequence of current values is effective for great
current variation case, as are described earlier. Therefore, the
estimation of current direction with high accuracy is always
possible by properly changing over and using the above
processing in response with the rotation speed.

Further, when there exists a potential that a wrong
direction of current due to the estimated current being within the
current estimation error, it is preferable that the pulse width
restriction is applied to the vector output time excluding the dead
time.

Description is made further.

The direction of current may be estimated to be a wrong
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current value becomes smaller. In this case, the current
measurement may become impossible to be carried out by the
appearing vector within the dead time changes as is understood
from Table 4, and by calculating the minimum gate pulse
restriction width to have a wrong value. Therefore, it is possible
that the current detection is assured by calculating the
magnitude of the pulse width restriction under the assumption
that the current detection cannot be carried out during the dead
time, when the estimated current becomes to have a magnitude
which is within the current estimation error.

When the direction of U-phase current is not known
because the U-phase current is small and the current direction is
1, output vectors are 4 and 6, the current direction becomes 1 or 5.
Therefore, it is not clear whether or not the vector of 4 appears
within the dead time period. In this case, the assure current
detection is possible to be carried out by calculating the minimum
gate pulse width as the current direction of 5 in which the vector
of 4 does not appear within the dead time.

Further, it is preferable that the current detection is
carried out by turning off one switching device for a time required
for current detection when the current detection is carried out at
the time maximum voltage is output, for example.

Description is made further.

When a high output voltage is output in PWM inverter,
continuing the output of one vector within a carrier is carried out.
Two currents required for the motor current detection cannot be
detected in this case because only one vector is output.

For this sake, it becomes necessary that the current
detection is carried out by outputting the vector for current
detection although the output voltage is lowered to some degree.
In this case, and when the vector for detection is output using
complementary PWM similarly to ordinary modulation, a dead
time for vector output and a dead time for returning to the
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original vector to be output is greatly reduced.

The v-phase current can be detected from the DC link by
turning off the gate signal of T, in Fig. 3, for example. In this
case, and when the gate signal of T," is turned on, dead time td is
needed for on and off of T %, respectively, as is illustrated in Fig.
28. When this is longer than the time for current detection, the
output voltage is lowered more than necessity.

In such case, the current can be detected by creating dead
time condition by selectively turning off the device being detected
its current by turning off the switching device. Even when the
current detection cannot be carried out only within the dead time
period, the current detection can be carried out by continuing the
dead time condition for a long time without turning on of the
switch complementarily connected. Due to this, a detection
pulse having an arbitrary length not affected by the dead time
can be created, and the voltage can effectively be output.:

It is also preferable in the apparatus for controlling the
motor by detecting the motor current from the current flowing the
DC link that a condition becoming a condition in which one
voltage vector is continuously output within a carrier is avoided to
the utmost by controlling the DC link voltage to be low so as to
maintain the pulse width being wide in response to the voltage
required by the motor being low, and by controlling the DC link
voltage to be high in response to the voltage required by the motor
being high.

Description is made further.
Fig. 30 illustrates a circuit arrangement example.

A DC link voltage controlling section 12 is constructed so
that the voltage of the DC link can be controlled by changing over
the conduction condition of the switching device Tc provided
within the converter which creates a DC current from the
commercial power 1. The switching device Tc is connected



r 109 #k& () -#nc r109%#k& ()-#nc r 10%#k& ()-#nc r10%#k& ()-#78: <>@">nc
r10%k#k& () -#nc r 10%#k& ()-#nc r 109%#k& () -#nc r10%#k&' () -#ev A
Z8q@BDFHIL_?nc r 10%k#k& ()-#nc rl0%#k&® () -#nc r 10%#k& () - #nc

r 10%#k& () -#nc r109%#k& ()-#nc r 10%#k& ()-#nc r 10%#k& () - #LORUWY_?nc
r 109 #k& () -#nc r109%#k& ()-#nc r10%#k& ()-#nc r 10%#k& () -#nc
r10%#k& ()-#nc r 10%#k& ()-#nc r 10%#k& ()-#YZ\ " b~">nc r 10%#k& () - #nc

[igfﬁﬁi (% \ggénﬁé}m&g%é& 1%%41%}8&%}@ %éagev 1A2§8§rt1)gfc{]10|d%_f£tc) and
one of the output terminals of the rectifier circuit 2, the reactor
12a and diode 12b being connected in series to one another to the
other of the output terminals of the rectifier circuit 2. And, a

protection diode 12¢ is connected in parallel to the switching
device Tec.

The inverter section 3 receives the DC link voltage as input,
applies the PWM modulation, and creates a voltage required for
motor driving. Though the vector output period at the inverter
section is determined based upon a ratio of the DC link voltage
and a voltage to be output to the motor 4, the higher the motor

' voltage is and the lower the DC link voltage is, the longer the -
vector output period is. On the other hand, the current detection
in the current detector can detect the current accurately without
the minimum pulse width restriction and the like as the vector
output period being longer. Therefore, the current detection can
be carried out with high accuracy and with smooth waveform
without the minimum pulse width restriction, by controlling the
DC link voltage to be low when the motor required voltage is low.

On the contrary, the vector output period become longer

when the motor required voltage becomes higher. Finally, a

condition is realized that one vector is continuously output within

a carrier. By taking this into consideration, it can be possible

! that two vectors similar to those of ordinary case are generated

within a carrier and that two phase currents are detected, by

controlling the DC link voltage to be high when the motor
required voltage is high.

Further, it is preferable that the controlling is carried out
so as to make the current detection easier by lowering the power
factor when the rotation speed is low or the load is light causing
the output voltage or output current becomes higher.

Description is made further.

A terminal voltage of a motor greatly changes depending
upon a current phase even when a torque is not changed, as is
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Therefore, the current detection can easily be carried out by
advancing the current phase so as to raise the output voltage
when the rotation speed is low causing the vector outputting
period becomes shorter, or by advancing or descending the current
phase so as to increase the motor terminal current when the load
is light causing the output current becomes smaller and causing
the current direction detection becomes difficult.

Further, it is preferable that the switching pattern at the -

voltage changing timing is calculated from the current direction
and output vector pattern, the delay time of the device is
calculated from this calculation result, then the voltage is
corrected, when the motor is controlled by calculating the motor
voltage from the DC link voltage and gate pulse width.

Description is made further.

The relationship between the gate signal, power device
current Ic, and the voltage between the collector-emitter of the
power device is illustrated in Fig. 31.

For the inverter circuit, even when the gate signal turns on
and the power device current Ic begins to flow, the voltage Vce
does not vanish at once so that the voltage Vce becomes 0
immediately at the timing that all motor currents are covered by
the power device current Ic. When the gate signal turns off, the
reflux diode turns off at the timing that the power device current
Ic becomes small, therefore the voltage Vce becomes greater.
Consequently, the transient time relating the voltage may be Ton
for turning on or Tdoff for turning off.

Then, the vector output period is calculated from the
current direction and output voltage vector pattern by taking the
vector output during the dead time period into consideration.
And, the voltage is corrected by determining the transient time to
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operation. = Consequently, the voltage detection with high
accuracy can be realized.

Further, it is preferable that the gate pulse width is
calculated so that the length of the command voltage vector and
vector output period are equal to one another when the vector
output period is longer than the minimum vector output period.

Description is made further.

It is easy that the gate pulse width is controlled so that the
length of the command voltage vector output from the motor
controlling and the length of the voltage vector output period are
matched to one another when information of the vector length
output which includes the dead time, the change of the switch
causing current change, and the transient time thereof are used.

Further, it is preferable that the controlling is carried out
such that all switching of the converter and the inverter are not
carried out at the current detection timing, the converter for
carrying out switching operation being connected to the inverter
in series.

Description is made further.

A sample time for sampling current is required for the
current detection, usually. When noise enters during the sample
time, an error is generated in current detection result. When a
motor controlling apparatus in which a converter and inverter are
connected in series, is employed, as is illustrated in Fig. 32, the
converter section 12 and inverter section 3 are required to detect
current, the inverter section 3 and converter section 12 are
isolated from one another by the condenser 2a in the circuit
arrangement so that the circuit is arranged not to affect mutually.
But, the inverter section 3 and converter section 12 are mutually
affected by switching noise in actual. Therefore, the current
detection with high accuracy is possible by preventing affection of
noise by controlling the switching operation of all switching
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12 and inverter section 3 has entered the current detection
operation such as sampling.

Further, it is preferable that a current detector is
connected in series to the smoothing condenser 2a on the DC link,
and that both of converter current and inverter current are
detected.

Description is made further.

Fig. 33 illustrates a circuit arrangement. A resistor 5a for
current detection is connected in series to a smoothing condenser
2a which is connected to the DC link. The current flows in a -
direction illustrated with an arrow A when current flows into
from the converter section, while the current flows in a direction
illustrated with an arrow B when current flows towards the
inverter section. Therefore, any one of the currents can be
detected at the resistor 5a.

In operation, independent current detection becomes
impossible when the current in arrow A direction and current in
arrow B direction flow simultaneously. For a case where the
motor voltage rises and the period when the current in arrow B
direction is cut off becomes extremely short, the current can be
obtained by carrying operation such that the current in the arrow
B direction is measured, then A - B is measured, then the current
in the arrow A.direction is calculated. -

By employing such arrangement, the number of current
detection circuit is sufficient to be one so that reduction in cost is
realized, and grounding at plural points is not needed so that
measure for noise is simplified.

The invention of claim 1 has characteristic effect such that
a desired voltage can be obtained in average by applying a reverse
voltage so as to suppress the distortion in voltage waveform when
the output voltage becomes greater than the desired voltage value
due to the limitation of the minimum vector output period.
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the voltage outputting too much due to enlarging in length is
corrected so that the voltage vector having a length longer than
that of the minimum voltage vector with the command current
being made smaller its error, by enlarging the voltage vector up to
the voltage vector having the minimum length and by prohibiting
outputting of the voltage vector for a constant period thereafter
when a short voltage vector command is input.

The invention of claim 3 has characteristic effect such that
the phase current can be detected even during the dead time
period.

The invention of claim 4 has characteristic effect such that
the current can be detected at the timing when the nearly average
current and the DC link current coincident to one another so that
the higher harmonics error can be suppressed, in addition to the
effect similar to that of one of claim 1 through claim 3.

The invention of claim 5 has characteristic effect such that
the processing can be simplified, in addition to the effect similar
to that of one of claim 1 through claim 3..

The invention of claim 6 has characteristic effect such that
the affection for the period when the hardware is not stable can
securely be eliminated, in addition to the effect similar to that of
one of claim 1 through claim 3.

The invention of claim 7 has characteristic effect such that
the phase current can be detected with accuracy even when the
response time is long, in addition to the effect similar to that of
one of claim 4 through claim 6.

The invention of claim 8 has characteristic effect such that
the phase current with accuracy to some degree can be employed
even when accurate current measurement cannot be carried out.

The invention of claim 9 has characteristic effect such that
the phase current value with little error can be obtained even
when the detection time and the current obtaining timing are
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The invention of claim 10 has the effect similar to that of
claim 9 is realized by carrying out the simple operation.

The invention of claim 11 has the effect similar to that of
claim 9.

The invention of claim 12 has characteristic effect such
that good phase current estimation can always be realized.

The invention of claim 13 has characteristic effect such
that the current controlling following the current command can
be realized and the controlling speed of the current controlling
loop can be raised.

The invention of claim 14 has characteristic effect such
that a desired voltage can be obtained in average by applying a
reverse voltage so as to suppress the distortion in voltage
waveform when the output voltage becomes greater than the
desired voltage value due to the limitation of the minimum vector
output period.

The invention of claim 15 has characteristic effect such
that the voltage outputting too much due to enlarging in length is
corrected so that the voltage vector having a length longer than
that of the minimum voltage vector with the command current
being made smaller its error, by enlarging the voltage vector up to
the voltage vector having the minimum length and by prohibiting
outputting of the voltage vector for a constant period thereafter
when a short voltage vector command is input.

The invention of claim 16 has characteristic effect such
that the phase current can be detected even during the dead time
period.

The invention of claim 17 has characteristic effect such
that the current can be detected at the timing when the nearly
average current and the DC link current coincident to one
another so that the higher harmonics error can be suppressed, in
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claim 16.

The invention of claim 18 has characteristic effect such
that the processing can be simplified, in addition to the effect
similar to that of one of claim 14 through claim 16.

The invention of claim 19 has characteristic effect such
that the affection for the period when the hardware is not stable
can securely be eliminated, in addition to the effect similar to that
of one of claim 14 through claim 16.

The invention of claim 20 has characteristic effect such
that the phase current can be detected with accuracy even when
the response time is long, in addition to the effect similar to that
of one of claim 17 through claim 19.

The invention of claim 21 has characteristic effect such
that the phase current with accuracy to some degree can be
employed even when accurate current measurement cannot be
carried out.

The invention of claim 22 has characteristic effect such
that the phase current value with little error can be obtained even
when the detection time and the current obtaining timing are
different from one another.

The invention of claim 23 has the effect similar to that of
claim 22 by carrying out the simple operation.

The invention of claim 24 has the effect similar to that of
claim 22.

The invention of claim 25 has characteristic effect such
that good phase current estimation can always be realized.

The invention of claim 26 has characteristic effect such
that the current controlling following the current command can
be realized and the controlling speed of the current controlling
loop can be raised.
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secure detection of the phase current is realized.

The invention of claim 28 has the effect similar to that of
claim 27 based upon the gate-pulse width.

The invention of claim 29 has characteristic effect such
that the secure detection of the phase current is realized.

The invention of claim 30 has characteristic effect such
that the secure detection of the phase current is realized.

The invention of claim 31 has characteristic effect such
that the minimum gate-pulse width can be determined by taking
the response time for each switching device into consideration so
that the effect similar to that of one of claim 28 through claim 30
is realized.

The invention of claim 32 has characteristic effect such
that the direction of the current can be estimated with high
accuracy even when the motor rotates at high speed so that the
effect similar to that of one of claim 28 through claim 31 is
realized.

The invention of claim 33 has characteristic effect such
that the direction of the current can be estimated with high
accuracy even when the motor rotates at low speed and when the

! motor torque is controlled at high speed so that the effect similar
to that of one of claim 28 through claim 31 is realized.

The invention of claim 34 has characteristic effect such
that the direction of the current can always be estimated with
high accuracy so that the effect similar to that of one of claim 28
through claim 31 is realized.

The invention of claim 35 has characteristic effect such
that the current detection is securely realized so that the effect
similar to that of one of claim 28 through claim 34 is realized.

The invention of claim 36 has characteristic effect such
that the current detection can be realized with minimum voltage
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carrier interval such as maximum voltage outputting, so that the
effect similar to that of one of claim 28 through claim 34 is
realized.

The invention of claim 37 has characteristic effect such
that the motor can be controlled in stable condition so that the
secure current detection can always be carried out while good
waveform outputting can be carried out with little affection of the
pulse width restriction.

The invention of claim 38 has characteristic effect such
that the current detection can be carried out with ease, in .
addition to the effect similar to that of claim 37.

The invention of claim 39 has characteristic effect such
that the voltage detection with high accuracy is realized.

The invention of claim 40 has characteristic effect such
that the current detection can securely be realized with
suppression of distortion in waveform, and that the assure
current detection can be realized.

The invention of claim 41 has characteristic effect such
that the current detection can be realized by removing the
affection of noise.

The invention of claim 42 has characteristic effect such
that the arrangement can be simplified and the measure for noise
can be realized with ease, in addition to the effect similar to that
of claim 41.

The invention of claim 43 has characteristic effect such
that the secure detection of the phase current is realized.

The invention of claim 44 has characteristic effect such
that the secure detection of the phase current is realized.

The invention of claim 45 has characteristic effect such
that the secure detection of the phase current is realized.
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that the minimum gate-pulse width can be determined by taking
the response time for each switching device into consideration so
that the effect similar to that of one of claim 43 through claim 45
is realized.

The invention of claim 47 has characteristic effect such
that the direction of the current can be estimated with high
accuracy even when the motor rotates at high speed so that the
effect similar to that of one of claim 43 through claim 46 is
realized.

The invention of claim 48 has characteristic effect such
that the direction of the current can be estimated with high
accuracy even when the motor rotates at low speed and when the
motor torque is controlled at high speed so that the effect similar
to that of one of claim 43 through claim 46 is realized.

The invention of claim 49 has characteristic effect such
that the direction of the current can always be estimated with
high accuracy so that the effect similar to that of one of claim 43
through claim 46 is realized.

The invention of claim 50 has characteristic effect such
that the current detection is securely realized so that the effect
similar to that of one of claim 43 through claim 49 is realized.

The invention of claim 51 has characteristic effect such
that the current detection can be realized with minimum voltage
drop even when only one vector is continued to be output within a
carrier interval such as maximum voltage outputting, so that the
effect similar to that of one of claim 43 through claim 49 is
realized.

The invention of claim 52 has characteristic effect such
that the motor can be controlled in stable condition so that the
secure current detection can always be carried out while good
waveform outputting can be carried out with little affection of the
pulse width restriction.
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that the current detection can be carried out with ease, in
addition to the effect similar to that of claim 52.

The invention of claim 54 has characteristic effect such
that the voltage detection with high accuracy is realized.

The invention of claim 55 has characteristic effect such
that the current detection can securely be realized with
suppression of distortion in waveform, in addition to the effect
similar to that of one of claim 43 through claim 46.

The invention of claim 56 has characteristic effect such
that the current detection can be realized by removing the
affection of noise.

The invention of claim 57 has characteristic effect such
that the arrangement can be simplified and the measure for noise
can be realized with ease, in addition to the effect similar to that
of claim 56.
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1. A phase current detection method is a method which detects a
phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied and which restricts the minimum
pulse width, which method is included in a motor driving
apparatus for driving a motor (4) by supplying outputs from a
PWM inverter (3) to the motor (4), the method comprising the
step of:

adjusting a voltage to be applied by adding positive or reversed
! voltage in response to a fact that a desired duty has a small value.

2. A phase current detection method is a method which detects a
phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied and which restricts the minimum
pulse width, which method is included in a motor driving
apparatus for driving a motor (4) by supplying outputs from a
PWM inverter (3) to the motor (4), the method comprising the
step of:

adjusting a voltage to be applied by varying a pulse application
interval in response to a fact that a desired duty has a small
value.

3. A phase current detection method is a method which detects a
DC link current and calculates a phase current of a.motor (4),
which method is included in a motor driving apparatus for driving
a motor (4) by supplying outputs from a PWM inverter (3) to the
motor (4), the method comprising the steps of:

judging whether or not current detection is possible during the
dead time, and

carrying out current detection in response to the judgement result
representing that current detection is possible.

4. A phase current detection method as set forth in one of claim 1
through claim 3, wherein the current detection is carried out by
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corresponding to a voltage vector is observed through a shunt
resistor.

5. A phase current detection method as set forth in one of claim 1
through claim 3, wherein the current detection is carried out by
sampling the current at the center of a period when a voltage
vector is output.

6. A phase current detection method as set forth in one of claim 1
through claim 3, wherein the current detection is carried out by
sampling the current at the center of a period which is a period
obtained by removing a period for hardware becoming stable
starting of the period when a current corresponding to a voltage
vector is observed through the shunt resistor, from the period
when a current corresponding to a voltage vector is observed
through the shunt resistor.

7. A phase current detection method as set forth in one of claim 4
through claim 6, wherein the current detection is carried out by
sampling the current at a timing which has passed a response
time from the starting of the period in response to the fact that
sampling at the center of the period is impossible due to the
restriction of the response time.

8. A phase current detection method is a method which detects a
phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied, which method is included in a motor
driving apparatus for driving a motor (4) by supplying outputs
from a PWM inverter (3) to the motor (4), the method comprising
the step of:

estimating a current from the past current values in response to
the fact that an applied voltage vector is too short to measure the
current.

9. A phase current detection method is a method which detects a
phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied, which method is included in a motor
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from a PWM inverter (3) to the motor (4), the method comprising
the step of:

estimating a current value at a desired timing by correcting a
current detection value using a current estimation wvalue
generated from the past current detection values.

10. A phase current detection method as set forth in claim 9,
wherein the correction of current detection value is carried out by
adding an error current to the estimated current value at the
desired timing.

! 11. A phase current detection method as set forth in claim 9,
wherein the correction of current detection value is carried out by
operating an amplitude error from the error current and by
adding the amplitude error to the estimated current of the desired
timing.

12. A phase current détection method is a method which
estimates the current value by employing the method of claim 11
or the method of claim 10, in response to the size of the amplitude.

13. An inverter control method is a method which detects a
phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied, which method is included in a motor
driving apparatus for driving a motor (4) by supplying outputs
from a PWM inverter (3) to the motor (4), and which carries out
current controlling or position-sensor-less controlling, the method
comprising the step of:

carrying out the controlling using the current measurement
values at two current measurement timings within a carrier
interval.

14. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a DC link
current and a vector pattern to be applied and which restricts the
minimum pulse width, which apparatus is included in a motor
driving apparatus for driving a motor (4) by supplying outputs
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adjusting means (6e) for adjusting a voltage to be applied by
adding positive or reversed voltage in response to a fact that a
desired duty has a small value.

15. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a DC link
current and a vector pattern to be applied and which restricts the
minimum pulse width, which apparatus is included in a motor
driving apparatus for driving a motor (4) by supplying outputs
from a PWM inverter (3) to the motor (4), the apparatus
comprising:

adjusting means (6¢)(7b) for adjusting a voltage to be applied by
varying a pulse application interval in response to a fact that a
desired duty has a small value.

16. A phase current detection apparatus is an apparatus which -
detects a DC link current and calculates a phase current of a
motor (4), which apparatus is included in a motor driving
apparatus for driving a motor (4) by supplying outputs from a
PWM inverter (3) to the motor (4), the apparatus comprising:

current detection means (5)(7e)(7f) for judging whether or not
current detection is possible during the dead time, and for
carrying out current detection in response to the judgement result
representing that current detection is possible.

17. A phase current detection apparatus as set forth in one of
claim 14 through claim 16, wherein the current detection means
(5)(7e)(7f) is means for sampling the current at the center of a
period when a current corresponding to a voltage vector is
observed through a shunt resistor (5a).

18. A phase current detection apparatus as set forth in one of
claim 14 through claim 16, wherein the current detection means
(5)(7e)(7f) is means for sampling the current at the center of a
period when a voltage vector is output, as the current detection
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19. A phase current detection apparatus as set forth in one of
claim 14 through claim 16, wherein the current detection means
(6)(7e)(7f) is means for sampling the current at the center of a
period which is a period obtained by removing a period for
hardware becoming stable starting of the period when a current
corresponding to a voltage vector is observed through the shunt
resistor (5a), from the period when a current corresponding to a

voltage vector is observed through the shunt resistor (5a).

20. A phase current detection apparatus as set forth in one of
claim 17 through claim 19, wherein the current detection means
(5)(7e)('7f) is means for sampling the current at a timing which
has passed a response time from the starting of the period in
response to the fact that sampling at the center of the period is
impossible due to the restriction of the response time, as the
current detection means.

21. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a DC link
current and a vector pattern to be applied, which apparatus is
included in a motor driving apparatus for driving a motor (4) by
supplying outputs from a PWM inverter (3) to the motor (4), the
apparatus comprising:

current estimation means (8b)(8d)(8h) for estimating a current
from the past current values in response to the fact that an
applied voltage vector is too short to measure the current.

22. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a DC link
current and a vector pattern to be applied, which apparatus is
included in a motor driving apparatus for driving a motor (4) by
supplying outputs from a PWM inverter (3) to the motor (4), the
apparatus comprising:

current estimation means (8i)(8j) for estimating a current value
at a desired timing by correcting a current detection value using a
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detection values.

23. A phase current detection apparatus as set forth in claim 22,
wherein the current estimation means (8i)(8j) is means for
correcting the current detection value by adding an error current
to the estimated current value at the desired timing.

24. A phase current detection apparatus as set forth in claim 22,
wherein the current estimation means (8i)(8j) is means for
correcting the current detection value by operating an amplitude
error from the error current and by adding the amplitude error to
the estimated current of the desired timing. ‘

25. A phase current detection apparatus as set forth in claim 22,
wherein the current estimation means (8i)(8j) is means for
calculating an amplitude error from the error current and for
correcting the detection current value by adding the amplitude
error to the estimation current of the desired timing, in response
to the fact that the amplitude has a great value, and for correcting
the current detection value by adding the error current to the
estimation current value of the desired timing, in response to the
fact that the amplitude has a small value.

26. An inverter control apparatus is an apparatus which detects
a phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied, which apparatus is included in a
motor driving apparatus for driving a motor (4) by supplying
outputs from a PWM inverter (3) to the motor (4), and which
carries out current controlling or position-sensor-less controlling,
the apparatus comprising:

control means (9a)(9b)(9¢)(9d)(9e) for carrying out the controlling
using the current measurement values at two current
measurement timings within a carrier interval.

27. A phase current detection method is a method which detects
a phase current of a motor (4) based upon a DC link current and a
vector pattern to be applied and which restricts the minimum
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apparatus for driving a motor (4) by supplying outputs from a
PWM inverter (3) to the motor (4), the method comprising the
steps of:

estimating direction of the current at the current detection timing,
and

varying the minimum pulse width based upon the estimation
result.

28. A phase current detection method as set forth in claim 27,
wherein the pulse width is a gate-pulse width.

29. A phase current detection method as set forth in claim 28,
wherein a period is calculated when current appears on the DC
link, from the current flowing direction and the vector pattern to
be output, and the gate-pulse width is determined so that the
calculated period becomes the minimum vector output period for
current detection on the DC link. ' '

30. A phase current detection method as set forth in claim 28 or
claim 29, wherein the pattern of switch operation for causing
varying in output vector is estimated, and the minimum gate-
pulse width is varied based upon the estimation result.

31. A phase current detection method as set forth in one of claim
28 through claim 30, wherein a response time is determined in
correspondence with the switching devices constituting the PWM
inverter, and the minimum gate-pulse width is varied to match
the switching devices which cause current varying.

32. A phase current detection method as set forth in one of claim
28 through claim 31, wherein the direction of the current is
estimated from the phase information of the current.

33. A phase current detection method as set forth in one of claim
28 through claim 31, wherein the direction of the current is
estimated from the sequence of the current values.

34. A phase current detection method as set forth in one of claim
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direction of the current from the phase information of the current
and the processing for estimating the direction of the current from
the sequence of the current values are changed over, in response
with the rotation speed of the motor.

35. A phase current detection method as set forth in one of claim
28 through claim 34, wherein pulse width restriction is applied to
the vector output period excluding the dead time, in response
with the fact that the estimated current is within the current
estimation error.

36. A phase current detection method as set forth in one of claim
28 through claim 34, wherein one of the switching devices
constituting the PWM inverter is turned off for a time required
for current detection.

37. A motor controlling method is a method which calculates a
motor voltage from a DC link voltage and a gate-pulse width,
detects a phase current from a DC link current and a vector
pattern to be applied, and controls a motor (4) based upon the
calculated motor voltage and the detected phase current, the
method comprising the step of:

controlling the DC link voltage to be higher or lower in response
with either condition of the voltage required by the motor is
higher or lower, respectively.

38. A motor controlling method as set forth in claim 37, Wheréir_l
the method lowers the power factor and raises the output voltage
or the output current when the rotation speed is lower or the load
is lighter.

39. A motor controlling method as set forth in claim 37, wherein
the method calculates the switching pattern of the voltage
varying timing from the direction of the current and the output
vector pattern, calculates the delay time of the devices based upon
the calculation result, and corrects the motor voltage.

40. A phase current detection method as set forth in one of claim
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so that the length of the command voltage vector and the vector
output period are equal to one another, in response with the fact
that the vector output period is longer than the minimum vector
output period.

41. A phase current detection method is a method which
calculates a phase current from the current of DC link and vector
pattern to be applied, the method comprising the steps of:

connecting the converter for carrying out switching operation to
the PWM inverter (3) in series, and

prohibiting switching of the converter and the PWM inverter at
the current detection timing.

42. A phase current detection method as set forth in claim 41,
the converter current and the inverter current are detected by
providing a current detection section which is in series with
respect to the smoothing condenser on the DC link.

43. A phase current detection apparatus is an apparatus which
detects a phase. current of a motor (4) based upon a DC link
current and a vector pattern to be applied and which restricts the
minimum pulse width, which apparatus is included in a motor
driving apparatus for driving a motor (4) by supplying outputs
from a PWM inverter (3) to the motor (4), the apparatus
comprising:

minimum pulse width varying means for estimating direction of
the current at the current detection timing, and for varying the
minimum pulse width based upon the estimation result.

44. A phase current detection apparatus as set forth in claim 43,
wherein the minimum pulse width varying means is means for
calculating the period when the current appears on the DC link
from the current flowing direction and the vector pattern to be
output, and for determining the gate-pulse width so that the
calculated period becomes the minimum vector output period for
current detection on the DC link.
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48. A phase current detection apparatus as set forth in one of
claim 43 through claim 46, wherein the minimum pulse width
varying means is means for estimating the direction of the
current from the sequence of the current values.

49. A phase current detection apparatus as set forth in one of
claim 43 through claim 46, wherein the minimum pulse width
varying means is means for changing over the processing for

) estimating the direction of the current from the phase
information of ths current and the processing for estimating the -
direction of the current from the sequence of the current values,
in response with the rotation speed of the motor.

50. A phase current detection apparatus as set forth in one of
claim 43 through claim 49, wherein the minimum pulse width
varying means is means for applying pulse width restriction to
the vector output period excluding the dead time, in response
with the fact that the estimated current is within the current
estimation error.

51. A phase current detection apparatus as set forth in one of
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57. A phase current detection apparatus as set forth in claim 56
further comprising a current detection section which is in series
with respect to the smoothing condenser on the DC link detects so
that the converter current and the inverter current are detected.



