; WKYZ[ \ ] "e3eRROTvbf 6TR SPECI FI CATI ON Phase Current Detecti an..Met hod,

| nverter Control Method, Mdtor Control ‘Method and Apparatus for Carrying
Qut These Methods Technical Field The fresent invention phase
current detection nethod, Inverter control nethod, not ormwmm‘mﬁ““mm hod and
apparatus for carrying out these nmethods. More particul arly,. Lhe present
relates to a phase current detection nethod, inverter control rret hod, notor

control nethod and apparatus for carrying out these netho |l b

i ncl uded i iANAPg apparatus for driving a notor tﬂ m
out put frﬁgmmqg to the notor, and which are su

detecti ng phase current of the notor based upon a DC |ink cur?‘ct@??t’2 and a
vector pattern to be applied and for carrying out current controlling or

posi ti onsensor-1ess control i Rel ated Art_Fromthe past, s generally
carried odthasat (iurmnbh e¢ mrenl\geﬂn@ddelnvegtersoC@;ltml pMethﬁﬁcurrent

control | i iMotbf €ofitr6] Methold eﬁﬂi’a gym{tars for VCﬁﬁrﬁlr%tG)hth}%’é&)' ying
out put fré\'raeg aléllnverter toth For detecting phase currents of a
not or, hP ng mnet hods are pr oposed (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 disadvantage arises in that the notor driving apparatus
i s increadBethnicaddgieldn its ent | rety because the DC current transformer is
expensive, when the nmethod (1) is enployed. Wien the nmethod (2) is

enpl oyed, a pul SEheipitdsercimeention eekitest to a péreedcugrent deteetidr vi ng
condi tion Iﬁg @Bﬂt’ nmeasurenent error in phase current becones greater.
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current Omethodypveater sontrvlsimethod yaminaz;mnr&tusal or carrying out
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deformati oltage is extrenely | ow such as | ow speed
rotation, %%%Somcmﬁ}éﬂ se width is thin is expanded and is
generated continuously with respect to a portion as a center where phase
vol tages are adjacent. Disclosure of the Invention The present invention
was nmade II£ 4&;’ t he above problens. It is an object of the present
i nvention Ql%ﬁe\gi/ a phase 3 current detection method, inverter control
met hod, notor caqontrol nethod and apparatus for carrying out these nethods
whi ch can real i Zromacthaqast; ibdstgenexally Qarp*made)wm shitmaten phase | ity
at a desi rggy n orm A
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phase curren ect1on met hod of, cl 11s a técts € phase
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appl i ed arﬁjoﬂma:FWMtiﬂv@mefltg thenmmetoroul se wi dth, which nethod is
included in a notor driving apparatus for driving a notor by supplying
outputs froma M| ddRidtphg! pHAKR ElifYon s Of M f}%tﬁﬁmﬂesq'éllb%ﬁ%ep of,
adj usti ng ge to be a i ed by adding positive or reversed vollage in
response tlgei 0 ani’croi’oc?@Bi red duty has a small value. A phase current
detection thod Ofl‘mAafID 3 is a nethod which detects a phase current of a
mot or basé u@om%t rkdetestang anphaseeeusrephusing gol¥e eppremt and
whi ch restri cgganidformer;nadrul se wi dth, which nmethod is included in a
notor driving apparatus for driving a ot or by supplying outputs froma PW

inverter 1@)thg fRitHod Foe deebedh s 8 PhasETurtent! 58s€d upon a voltage

to be



adjusting a voltage to be applied by varying a pul se application interval
in response to a fact that a desired duty has a snmall value. A phase
current detection nethod of claim3 is @ nethod which detects a DC |ink
current and cal cul ates a phase current of a notor, which nmethod is included
in a nmotor driving apparatus for driving a notor by supplying outputs from
a PWMinverter to the notor, the nethod conprises the steps of, judging
whet her or. not current_detection is possible during the dead tine, and
carryi ng detweendierminals oba shunsgesigton o t he judgenent result
representing that current detection is possible. A phase current detection
met hod of clai mA disadvanitag eirises sarthatsthéenotor ehtiviigtdppaeates of a
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met hod of claim12 is a nethod which estimates the current val ue by
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met hod whi 1€ qROEEOD where. pulse  wigdth, 15, thiny is. £XpamdedpEnd nis
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not or dri v ri.vi 4. or by supplying outputs froma PW
i nverter t‘gﬁ%ﬁgpﬁﬁkgévoa}ﬁééﬁgld&é ngﬁ‘f%gé’out current controlling or
position-sensor-less controlling, the nmethod conprises the step of,

carrying out the controlling using the current neasurenent values at two
current maﬁsurerrent t T&?gs within a carrier interval. A phase current

det ection %P&P@'@ it NVeM1PR an apparatus which detects a phase
current of a notor based upon a DC |link current and a vector pattern to be
appl i ed and whi chheepresend imeentiomuwasummads dnh view cof dhearabaere| s

i ncl uded iﬁ‘r@ol’@iﬁ@.r driving apparatus for driving a notor by supplying
outputs froma PW inverter to the notor, the apparatus conpri ses,
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s A phase current detection apparatus of claim 15 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 gestricts the m ni mum pul se w dth,
whi ch apparatus is included in a notor driving apparatus for driving a

not or by supplying outputs froma PW inverter to the notor, the apparatus
conprises, adjusting neans for adjusting a voltage to be applied by varying

a pul se application interval in response to a fact that a desired duty has
a smal | vatuwerent deteetionr methatbt vérberagoatral umeshod, anetes dantaol
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current detection i s possible during the dead tine, and for carrying out
current deV ﬁf ‘n response to the judgenent result representing that
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not or by supplying outputs froma PW inverter to the notor, the apparatus
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current v iR Les S 0 t _an.a ed volit age vect is
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cl ai m 22 ivalre.apparatus which detects a phase current of a notor based
upon a DC link current and a vector pattern to be applied, which apparatus
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current value at the desired timng, as the current estimation_neans. 8 A
phase cur rjardging schethenpmnatususrent detertion isnpepsiblet durimgcthenpl oys

nmeans for &%H%M@%ﬁae current detection value by operating an anplitude
error fromthe errdr current and by adding the anplitude error to the

t
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timng, in response to the fact that the anplitude has a snmall value, as
the current estimation nmeans. An inverter control apparatus of claim26 is
an apparatus which detects a phase current of a notor based upon a DC |ink
current and a vector pattern to be applied, which apparatus is included in
a notor driving apparatus for driving a notor by supplying outputs froma
PWMinverter to the notor, and which carries out current controlling or
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9 varying the mninum pul se width based upon the estimation result. A phase
current detection nethod of claim?28 is a nethod which enpl oys a gate-pul se
wi dth as the pulse width. A phase currepit detection nmethod of claim29 is a
met hod whi ch cal cul ates a period when current appears on the DC |ink, from
the current flowing direction and the vector pattern to be output, and
determ nes the gate-pulse width so that the cal cul ated peri od becones the
m ni nrum vect or out put period for current detection on the DC |Iink. A phase
current detuxnendncorrésponding diora3goltage vector ishobserwed rtrenighhen
pattern ofgisuhtespdgation for causing varying in output vector, and
varies the m ni mum gat e- pul se wi dth based upon the estimation result
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A phase current detection apparatus of claim44 is an apparatus which

enpl oys neans for cal cul ating the period when the current appears on the DC
link fromthe current flow ng directiongand the vector pattern to be
output, and for determi ning the gate-pulse width so that the cal cul ated
period beconmes the m ni mum vector output period for current detection on
the DC link, as the m nimum pul se w dth varyi ng neans. A phase current
detection apparatus of claim45 is an apparatus which enpl oys nmeans for
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vol t age v\eﬁcot(ﬁi) ﬂ% the vector output period are equal to one another, in
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m ni mum vec output eri s the mni wi dt h.varyin ans.
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i nverter i 's means for prohibiting switching of the
converter %@fﬁﬁﬁ\/@ﬁgﬁgﬂﬁ at the current detection timng, as the
converter inverter control neans. A phase current detection apparatus of
claim57 is an apparatus which provides a current defection section which
isin series with respect to the snoot hing condenser on the DC |Iink detects
so that the converter current and the inverter current are detected. \Wen

t he phase current detection nethod of claim1 is enployed, and when the
rret hod detects a phase current of a rmt or based upon a DC I | nk current and
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14 nmethod is included in a notor driving apparatus for driving a notor by
supplying outputs froma PW inverter to the notor, the nethod adjusts a
voltage to be applied by adding positiwe or reversed voltage in response to
a fact that a desired duty has a snmall value. Therefore, a desired voltage
can be obtained in average by applying a reverse voltage so as to suppress
the distortion in voltage waveform when the out put voltage becones greater
than the desired voltage value due to the limtation of the m ni mumvector
out put period. \%ephaise pm'send:udebectldnt apparates hofd cdaiml ditmiz iam

| oyed, d
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length is s so that the voltage vector having a Iength | onger than
t hat of tr@%#ﬁ?ﬁ vol tage vector with the command current bei ng nmade

smal ler its,error, by enl vol t to,t.he voltage vector
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vect or forpalseoa p&watp@nlmdterhal mfxteepommaasfwttthaﬂ aaMWedtdmt}commnd
is input. Vggﬁeéﬂ’cﬁﬁa&ﬁe current detection nmethod of claim3 is enployed,

and when t U&%s a DC link current and cal cul ates a phase
whi ch net h i ncl uded in r ,dei vi appar at us

current of a no d
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Ther ef or e, apparatias dor drivingcamboéox dyesupplying cuipuly framdadd
peri od. elqu,etlhg Ftﬁaﬁf‘e mbf(g?ttpﬁeé@ré%?g@ug%ﬁgrﬁ%cl aim4 is errpl oyed, the

met hod sa e current er of a period when a current
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the current at the center of a period when a voltage vector is output.
Therefore, the pAopbasengurzentedeteption apparvatuslof c;ﬂatmt & iSp@mt i on
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renovi ng &fétﬁﬂrO(isf obseavedarthrorgdin A9 sHaht eresiator, ncasnfthétecﬁ@feﬁﬂ when

a current o s ondrn to a voltage vector is obser ved t hrough t he shunt
resi stor, d when a current correspondrng to a voltage vector

IS observed thro gh he shunt re Therefore t ffectjon, for t he
peri od when the aPBASEe CIITRBE 3@3@? OB, [ARRATA KL Y %fgczmm
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rough c Se cur et ecti.on c arm s
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response t detedtiammeanst arti ng of the period in response to the fact that

sanpling at the center of the period is inpossible due to the restriction
of the response Ai phasﬁhem'frerm debectibas eamparstis cefh daigetEtisd anth
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and a vector attern to be
driving appPHite cmres(mrtdtrgg&mwo Qgeé’@ﬁ‘p?oprlﬁg)sbﬁﬁ @E’isehrw

inverter to the notor, the nethod estinates a current frontthe past current
values in response to the fact that an applied voltage vector is too short
to measure the current. Therefore, the phase current with accuracy to sone
degree can be enpl oyed even when accurate current neasurenent cannot be
carried out. Wien the phase current detection method of claim9 is

enpl oyed, and when the nethod detects a phase current of a notor based upon
a DC link current and a vector pattern to be applied, which nethod is



When the phase current detection nethod of claiml1l is 17 enpl oyed, the
nmet hod corrects the current detection value by operating an anplitude error
fromthe error current and by adding the anplitude error to the estimted
current of the desired timng. Therefore, the operation and effect simlar
to those of claim9 are realized. Wen the phase current detection nethod
of claim12 is enployed, the nethod estinmates the current val ue by

enpl oying the nethod of claim 11 or the nethod of claim 10, in response to
the size cthwuné r@rsmtamrfeomrhbeqmmed when phesrrent cerresponding o aan

al ways be \F 35 e‘i'rec%le”lé b Hofhé‘eéﬁﬁﬁtoﬁ‘]egiﬁo?“ 13 1 the
enpl oyed, eg ne tho etec s a ase curren a not or based upon
a DC IrnkQHﬁr akee Onéﬂﬁﬁn$attern to be applied, which nethod is

included in a nmotor driving apparatus for driving a notor by supplying
outputs froma FAwphaser carrentt detection appanatus cfirclaim &0 wurament
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a phase cutrheenttrnenhdutteotldmmdanpon a DC link current and a vector
pattern to be applied and which restricts the mninmum pul se wi dth, which

appalr atus lstl anu h@sen carFendr d@lttednttmth appparatss fef ddaim fmltaieﬂﬁéi)r Py
su ing ou ver 0 e us adjusts a
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the limt ﬂdﬁﬁg@§hﬂﬁﬁg ctor out ut erio en the ase current
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a phase c C
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appar at us ¢urnend] yveduesnin response o theafaat dhat o appliedgveltager by
suppL Y1 ng wktatis (0EharEYBhmRKSLIA tHO clbfofibl of | the apparatus adjust s a

voltage to be applied by varying a se app Ication interval in response
to a fact that desired a I t t

Therefore, the \%I ?gié‘g%od’% ngetﬁggﬁ%lch\@gﬁ?gdsen&rcgrg‘%f 2?%% i's
correct ed apparatus weh wrrc‘?ﬁjec tea p arsawwent eha motﬂrgbasedanponaa of
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error, by enlargh g ol .t e vect o to t e voltage ving the
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When the apparatus of claim16 is enpl oyed, and
when the a s§§%§&§€¥% éﬁg&%égqrnk current and cal cul ates a phase current
of a notor argtus is inclyded in a ootor drivin r s for
driving a (H'H'E gﬁp‘ﬁ%ﬁ’ﬂgnb‘?ﬁlpﬁt i ﬁ@ﬁt@aﬁm fvEnfrEent ov ﬁée t he
appar at us desiged tsirnuhgr byr correctingent cderent i detéctipnssahie dWeing gat he
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det ect i on deteediomvalaiesi e, t he phase current can be detected even during
the dead tinme period. When the phase current detection apparatus of claim

17 is 19 enpl ephasske cappenst detectibay apparatiorof ainimn®3 hies et r ent

at the ce p I 0 ect or
s observéﬁ afatds’ L. Plofufd hidling K0T BORGCHnE? thel PRt
Theref ore, eteé:tmmmnluea yoadibingg: 21 erronecurremy Whethe hestnmt
average cCuijeientAvalieeabthé ﬂ&eg%ue'ﬂinﬁﬁ Chdleie (RuaentaBgth fiﬁhtﬁﬁlt hat
t he hi gher _harnonics error can be suppress In addition to t e operation
and ef f ect&@R%-ar to those of one of cIa|n114 t hrough claim 16. Wen the
phase current detection apparatus of claim 18 is enployed, the apparatus
enpl oys neans for sanpling the current at the center of a period when a
vol tage vector is output, as the current detection neans. Therefore, the
processing can be sinplified, in addition to the operation and effect
simlar to those of one of claim 14 through claim 16. Wen the phase
current detection apparatus of claim19 is enployed, the apparatus enploys
means for sanplrng the current at the center of a perrod whi ch |s a perrod
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20 When the phase current detection apparatus of claim?21 is enployed, and
when the apparatus detects a phase current of a notor based upon a DC |ink
current and a vector pattern to be applg ed, which apparatus is included in
a notor driving apparatus for driving a notor by supplying outputs froma
PWM inverter to the notor, the apparatus estimates a current fromthe past
current values in response to the fact that an applied voltage vector is
too short to neasure the current by the current estinmation neans.
Therefore, the ghapbaser canrentt detectionc pnpasatus dlfgrcéalmarﬂ%esemi oyed

even when o gﬁg?w' b ‘y{gﬁfb
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the error the remip lanﬂdéyh@mwgsﬁmmvatméuces ether cheréht estiniBtish
current of the deS| red timng, as the current estimation nmeans. Therefore,
t he oper attP&A¥hd effect similar to those of claim22 are realized. Wen
t he phase current detection app atus of claim?25h i npl oyed, the
appar at us enpl oyANERRrte srcq,iat |apPagatas Latlnaiémﬁnfamm@%rror
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i nverter q(m;tgg satelAdormpiises,ai m 26 is enployed, and when the apparatus
detects a phase current of "a not'or based upon a DC link current and a

vector patdgihg ‘,lgin%%u?so%f %rr?@hnghoﬁ\?&?feawﬁttﬁlliﬂ% l%@i%[% ‘tpreocﬁ}?f

driving apparatu
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posi tion- speaeridrefstai®ed]lr ol i ng, the apparatus carries out the controlling
using the current neasurenent values at two current measurenent tim ngs

Within a carri erA \gﬁﬁéngaduﬁ%rfth&eﬁé’éﬁéﬁ' T*HﬁfﬁPQg % StHSd
controlli ng curren comma can e.rea Ze
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current deamdt i on rret hod of cI aim 28 is enployed, the nethod enpl oys a
gate-pul se width as the pulse wdth. Therefore, the operation and effect
simlar to those of claim 27 are realized based upon the gate-pul se w dth.
When the phase current detection nmethod of claim?29 is enpl oyed, the nmethod
cal cul ates a period when current appears on the DC Iink, fromthe current
flowing direction and the vector pattern to be output, and determ nes the
gate-pul se wdth so that the cal cul ated peri od becones the m ni mum vector
out put period for current detection on the DC link. Therefore, the secure
det ecti on of the phase current |s reaI | zed V\hen the phase current
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23 the phase information of the current. Therefore, the direction of the
current can be estimated with high accuracy even when the notor rotates at
hi gh speed so that the operation and ef§ect simlar to those of one of
claim28 through claim31 are realized. Wien the phase current detection
met hod of claim 33 is enployed, the nethod estimates the direction of the
current fromthe sequence of the current values. Therefore, the direction
of the current can be estimated wi th high accuracy even when the not-or
rotates atvanyingpbdhe aninirnenmnt peilset Wi%lthr baseids upon r the edstimation speed
so t hat t%sceﬂgrati on and effect simlar to those of one of claim28
through cl'aim 31 are realized. When the phase current detection method of

claim34 is enpl d. the_netho hanges th r Qees$si Ngohosr, estimating the
di rection of thégéﬂ"@%%tcufrmﬁtt(ﬂ%&ﬁ%é@é Wﬁpﬁagf(ﬁa’&p gﬁelscﬂr Oéﬂd t he
pr ocessi ngvhich empleys mggabe-plilsecwidth ats the pulseewidthom t he sequence of
the current values, in response with the rotation speed of the notor.
Therefore, the g&?ﬁms@@m‘[rehlted@wdtm%f mmth@!dllvaf%lbiimem)i m?ememhdd h: gh
accuracy eration: e S . claim
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t hat the estl ’edé)lg‘t'}r ﬁéﬁ@%é%lhitgl%?hghgﬁ%]ﬁ{é e@tﬁlaerrgt F%(w g?ra,tgr etH@
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and eff ectoiirdntedetcetiorch SheME Pinlel ai m 28 through claim 34 are

reali zed. When the phase current detection nmethod of claim36 is enpl oyed,
the method turn e L fchi [ t j J¥M
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one 24 oVidhy; BRoxy, bhe @stimaiion restdly  zed. When the notor
controlling nethod of claim37 s enpl oyed, . a n,the_nethod cal cul ates
a notor voltage A nhase sonremt é@tq%@nmthfxﬁoﬂgmmeghmﬁ, s a

phase cur rghich ' dgtérMinbink sespsiibectitng ieCéorradpioilenés Wetlanid ed.
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al ways be carrie ut while 0 vef orm qut put ki Rg. cagobe carri,ed out
nen T bn oo ¢ & lihsd a3 odetEbitoR Mt bF ddithignts fohiasnd
cont r ol | i nghiehhedtiohatésai thésdizectnphopfdthe heureehtdfitconethet hph psener
factor ananfa.l. ﬁtif)ﬂeof’tﬁgléw\f‘ghtt?ge or the output current when the
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rotation speed ower “or 't oad is lighter. Therefore, the current

detection can be,carried out w th, ease, in.,additioR to e. oper atjion; and
offoct o iar & IhBsE Gitent dBuAiGh arkelod bk Halid, 8R0is rbfiitittha o
cl ai m 39 iwhéchlestématescthe divdctiancof thescurrenstvfitorhi the seguencedft he

vol tage v | L) mthe direction of the current and the out put
vect or pa’?dfﬁe/érg,ﬁr%% C&%&P@g.the delay tinme of the devices based upon the

calculation resuft n I egt - mt (o] €e; ehgf , vel t age
detection with rﬁ&?ﬁ@%@ﬁ%ﬁﬁ@?ﬁ%ﬁ@ﬁﬂ%&# ?ﬁedﬁﬁi)sgacﬁ{ ?eﬂi%qgcti on
net hod of whacln citangesnlieprocessimgdoncestimating thet diregston @fl the wi dt h
so that t t cw t t t
period ar relrﬁ'lequa ,[}‘gghrllemgﬁp er, iﬂﬁ%ﬁ@w@ﬂaﬁe&?gggﬁtﬁhapdt)ﬁm)(\y/ect or
out put perpqu§mgn§& estimatiagnt Gnélrﬁe@étqlbro & ﬁu@uﬁﬁﬁnbdﬁ‘onhe&& ore,
the currenfedigdiés i of tha) RGent! valGebfdn F@@punde switll ahw dotation

di stortion |nq#va¥.ec;)ior in addition to the operation and effect simlar to
t hose of JHRERS O ®'hrough 25 claim31. Wien the phase current
detection nethod, of. cl aim4l is_enplqQyed, the hqd, connects the.converter
for carrying outAQhﬁﬁﬂi%T&Mrdﬁg&flf’B m@m@j@m’e %H?@em%@}o nd
prohi bits switching of the converter and the PWMinverter at the current
detection timng. Therefore, the current detection can be realized by
removi ng the affection of noise. Wien the phase current detection mnmethod of
claim42 is enployed, the nethod detects the converter current and the
inverter current by providing a current detection section which is in

series with respect to the snoothing condenser on the DC |ink. Therefore,
the arrangement can be sinplified and the nmeasure for noise can be realized
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When the phase current detection apparatus of claim47 is enployed, the
appar atus enpl oys neans for estimating the direction of the current from

t he phase information of the current, ag the mninum pul se wi dth varying
means. Therefore, the direction of the current can be estimted wth high
accuracy even when the notor rotates at high speed so that the operation
and effect simlar to those of one of claim43 through claim46 are

reali zed. When the phase current detection apparatus of claim48 is

enpl oyed, Whéchmapﬁesspuhe:widthl pgstnietion torthesveotor ogtpud perid i on of
the curre e e+ih ot , I ul se
W dth var g U thE AL Peine, T SHidridtled TR (BE, KA RS

est i mat ed eatimatieghcurrenhiy veithanhe cureend estimation erxor] ow speed and
when the notor torque is controlled at high speed so that the operation and
effect simlar th pi’tm coirrend détedtaom methiodoficlaimi 8645 armetdaid zed.
When t he I : 1 B he
appar at us sy b RGN OE (e SRR dSYic MM ELATRhOT WM 1T 1
di r ect i on iBwerker for mebimermpgquiredpfarseurrent deteefion: the current and the
processing for estimating the direction of the current fromthe sequence of

t Ee current val Jeanotor cesytroHéngi methiod oftcdaimn35pied niethtod rmhm}}] as
current cBIEiated  olt HAltaBE> o] ﬁeyé‘féﬁfrlglég‘éﬂt?%éte Gho Bog%éf o

way .
and ef f ectplse widthodefects sphase eureeatiram enbiudinls icaimrend and a
el oyed, &e%@“&?ﬁsﬁ%m{%}%ﬁhﬁ?'@% S o DEPINIIE O o on
o the. veaalpulAlRsLmaroyollagt ang the dakettedobbage: SUgsRL WM the

fact that rhethest ¢omi sgsnthergte'pofyithi n the current estimation error, as
the m ni mum pul se wi dth varying neans. Therefore, the current detection is

securely rc%iiﬁré?ﬁnﬁotlﬁé?lb(} Iieﬂ@weéggértoané \ngfetat 02! 10w é¥ ihOrd of one

of claim43.thra claim,49 are, reall zed. he ase_.currernt detection
appar at s Wit | Gt couaiiorD il theny Ol eruias i R RAOE 18 i ng
of f one omitgﬂmlsuttloh;ieigrggpbgﬁsre@y,nsti tuting the PMWMinverter for a tine
required for current detection, as the mnimm pul se wi dth varyi ng neans.

Therefore, the QAImhebbr c?,?ftﬁsn'&ﬂg fRthY bf@1hzd38 i amlithed whidge drop

even when.only o vector 1g continued t.o be putput wthin a carriger
Cnterval JONEES the BT fador and maises, tBE PRLPULHTolRgE 9% thmd

ef fect simutput eurrent whanethd wtationt Ipdedighlewvernor Xhay doadaid zed.
When t he %ﬁte ontrolling apparatus of claim52 is enployed, and when the
appar at us ‘ates a notor voltage froma DC |ink voltage and a

gat e- pul se w dt detects ase curte rom a link cysrent .and a
vector pattern IBQIC%;‘}PF&H,BH%E ?’&rti’@ﬁ E’El‘i"f"}%ggo]rﬁ ?dqqltb@i%’c(g? based
upon the aalculates tiet swii\tphﬁngepamtbmeoﬂeth@c_ tveltppesearyin@ timirig
appar at us . . 0 [ onse
weh o t ndf OB tHe difeton bF $h ég%i’&éé&pf@aﬂ%@ Sttt vBr e bt

| over, regadculatesthedealny timeof\thie dgeicesnbased upen vhenealctlatisfor e,

t he notor e ] i,tion so that the secure current
detection lré%nmg’l ?}glﬁilgéﬁsrt?%dﬁ%ﬁ&ﬁmﬁ%ood wavef orm out putting can be
carried out wthli i : A reshricti n the
notor control |l % a}?)é;‘)%éé:?{uljsr%@ftt @%&%@@%ﬁﬁr’g }g;‘g‘i’gan%)h%baipsgérfa}{%tsh enpl oys

means for Whighi¢ajculatesidre gadecpulsrl width sios thett the dength vl theye or
the out putcohHIMAAH VWWRAGE Ceé@ireAhdtIsPRetdP om%;cgérwaf@ usl to ghter,

as the notor voltage control neans. .gﬂegﬁfo e, t rent detect)on can be
carri ed oG 3ROLACH, 1N LIEIRPRFSnWLED eof)%‘ftatt g ¥ef autpubr ¢ o
those of qiertiod5ia lotmer thanthe mieithueh vetrdormnetmit peeiod) ai m 54 is

enpl oyed, the apparatus enploys neans for calculating the swtching pattern

of the vol tage vRiphige lciFrat! deredtion diethlddof Hlaihie4d\id Atinetltbd e

out put vector, pattern, fqr cal cul tllil elay time.of . evi ces based
upoh the ckhichzonnetscthe converfer ToncasEyIng S Watching ppegation ¢ he
mot or vol tteg¢heol*WM imeesterThiar skeies, the ypioldbitd atveitichégngwof hthe gh
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width so that the length of the command vol tage vector and the vector

out put period are equal to one another, in response with the fact that the
vector output period is |longer than the m ni nrum vector output period, as
the m ni num pul se wi dth varying neans. Therefore, the current detection can
securely be realized with suppression of distortion in waveform in
addition to the operation and effect simlar to those of one of claim43
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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 taqithe 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 useful
i n understandi ng conceptual operation of the phase current detection
apparatus of Fig, 5 Figure 8 is a block diagramillustrating a phase

current detecti oh plppse aurrest detectioncmeathiocof claimr d2nts aomethad esent
| nvention; Wh1§H &é%? Qﬂ$urt 1‘%6!' agﬁ%m&id ¢ g’ﬁﬁbé‘ﬂteﬁ' el#pént Py ent
&P

det ecti on aratus o odinment accqrding to the presenLl.t
i nvention; P BE1@ jcirrenty 105 F8AL101 tifndNngerlam e ur r ent

det ecti on repigeet tof thee smbothirsreefiderderaes thd MCfnhkhe present

i nvention; Figure 11 is a diagram useful in understanding conceptual

operation of th%p RaReC iirPahtOfepeetion Atids 0Of Flldin? 4 U5 12 19
a bl ock d| usgam §£ curre ECtlon apparatus of a
further e S e 4%‘3610 @s@mrerht/@ & mptor based 13poR &

]f ! orﬁhart n]%@ﬂhhklt @uvf@hetdsamdga n?e@t@h@a%témrw\tt%eiﬁmﬂhednam heHicH a
urther e according to the pré ntion; ur e

di agram i Ili‘i?gfﬁts HPEHP PUF@ WL g}lﬁﬁo‘?‘ Qﬁu‘@;‘& I\)\ﬁ%ﬁ?‘fl ows
in the DCini Wmﬁt@ur(h‘lﬂzﬁlgsapparagusnfoﬂ Idimgla]g'rmtornbyasmPpépusg change
of a phasg, th v t e ure
16 | spa di a%%%@exﬁ?)gﬂ nl%nSPMCE H&P?%IF rg(gt ﬂi}\gvgﬁgﬁg’f ?@\% @%)%F%@ %C

i nk, deadaINPEF1$eR,er val and transient response interval, all being of an

exarrpl e; Figure 17 is a diagram explaining an actual current waveform
flow ng i rmuhmmn pmﬂserwssgtimsxaanylm andansnfor egtimating direetiog of an

exanpl e; S 0

dot ect] on URbH 5%%9*0%9 S ElrEeRY Aidotidly i, and BT xRYSHAE the

i nvent i on;MENgIEM pulse avidtdybasedsepan the estisnationiregudh estimation
met hod of a current vaI ue of an exanple; Figure 20 is a block diagram

illustrating a phaphaser cenrent3detection apparates usf aflaiam W4 hisr an

Geetul in @%?é?%ﬁﬁvmdéﬁ%@siaﬁhg#f%e?ﬁf Egl?lﬂaﬂétl% e 'Psealﬁaé %?{égﬂ]ot ner

exanpl e; ralzents appeany 07 ithesbatling the surrentr 8

appar at us &ﬂ‘reeﬂl ?ﬂi ﬂﬁétvétft ft@rhotd B@ g&ﬂtahd‘&%@td%rxﬁiﬂwg 23 is
a bl ock di tratL urre t1on aratus o

further e %r‘ﬁﬁ E’@%p 8¢ cl Bﬂrl mesthe

di agram i |Ihllﬁiﬂﬁinmg'e%t6ﬁ Perdodefermeigrentadetediodeshceheape€dl upon

or cal culiin g fis axlflilepuan Bt fﬁl@ﬁh"%@fyw&' 85 phase i nf or at | on of -
the current; A phase current detection apparatus of claim 45 is an
apparatus which employs means for estimating the pattern of
switch operation for causing varying in output vector, and for
varying the minimum gate-pulse width based wupon the

estimation result, as the minimum pulse width varying means.

A phase current detection apparatus of claim 46 is an
apparatus which employs means for determining a response time
in correspondence with the switching devices constituting the
PWM inverter, and for varying the minimum gate-pulse width to
match the switching devices which cause current varying, as the
minimum pulse width varying means.

A phase current detection apparatus of claim 47 is an



Figure 26 is a flowhart useful in understanding the processing for
calculating the direction of the current fromthe phase information of the
current; Figure 27 is a schematic diagnamillustrating the processing for
estimating the direction of the current fromthe sequence of current

val ues; Figure 28 is a schematic diagramillustrating the processing of an
exanple for turning off the switching device for current detection; Figure
29 is a schematic diagramillustrating the processing of a preferred
exanpl e f APPAratag W?mcltlhemlrowehm@anevfoa*eesbmamngerthajdtleecchlon ofi gure

30 15 an atReldirteits from Xhdl HHAN ifupiiztiodofR (HY uieit, ohd! tife
appar at us of._an enbodi nent. Cﬁiﬁ}jaﬁgglggto the present 1 nvention; Figure 31 is

a di agr amIMPRHOQIL PHESE el fMEASner exanpl e of the power device

based upon the gate. signal; 32 Figure 32 is an electric circuitry diagram

illustrating a ghaphaser cuarendt deteerionpmpparatus of ralaimed® isodinrent

according 4 éi‘ﬁtﬁé ev?h‘ié b'ry@ stoQ“é§t1§ﬁatﬁ1 'th% ﬁ‘iﬁédf-tfioﬁ' f“'”y
cutfrent dete n appar urther
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t he | nventménimiais palsewidtdf earymgtmehm att ached dr awi ngs, we expl a| n
t he enbodi nents of the phase current detectlon met hod, inverter controlling

met hod and appar@tPhafs@%%ﬁ'i'eﬁ%cﬂb@éé'ﬁopoé AP rﬁf IOIAER 14D igFigh 1 1S

a diagramil |l ust par at us ,usi ng an

n ar enent o
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of u-phas i f f

swi t chi ngeiale éc)ééﬁ&? %P&hwtﬁa%% gseey Sf ?%%9@0&8% Eﬁ’&s@ﬁ’ﬁ@%@gu vel y
I n Tabl e qulae Wsld bsearging meanSondl tion that the sw tching device of
upper armis ON and the switching device of lower armis OFF, and OFF

represents a condli phaset cairrent detectiong ajpparatus o pdainy 50 sisOf and

bppar at us SBPRfELUEC Whicle Riny Eiﬁéiaﬁﬁ%c% o, SBBIII Blude, Widh
DC power an%rgct@natq eyeshat Outpudy perial exch@dmih@ dead aliim$,e1nto t he

first cone&@s&ﬁm&awﬁw theefaut! Ehhtoﬁhé *Béth'i'fa&%do'éﬁ%?ehﬁ &r Wi'thi’n'
suppl ied to a A current detector 1 S conne %% ‘é’?ﬁg} en t e i nput
S

side of t eaﬁlaee O AR, A%, 1h FRITIRN D VERY&ur r ent
det ect or Imleanss shunt resistor 5a and a current output section 5b. The
shunt resistor 5a is interposed in a wiring between the first condenser 2a

and a second Coweph%rs@%ur'fbﬁtcd@té@ﬁloﬁm@iﬁaﬁﬁﬁisO(b”f RaigcHres Hie

vol t age betvveen{,‘ th e shunt cesi.stor. 5a out p (t#t It as a
et ected ARPERFLLSSIE Gotloys rvguIBting; o1 pner ok e of
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ity as A ER TR cBiefE ﬁ%ﬁb{:‘@oﬁneﬁﬁo&bﬁe TR, o e B, o,
is V1, thearymgmeans nal of the notor is connected to the + Iine of the

power while other phase termnals are connected to the - line of the power
so that the vol tAngnorcer appitrelling apparatuswf claiim G2 ds ean ppardtse

ot b oa VRIS %@é’@?é@“ﬁr EohERL il D 88k vIGECHRA R B0
upon a ratgautezplﬂaepmd h.,g eteason segmxveatcfr@rma MG ]ankacurmnt
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to a
vol t age d| ween ses re| erre vol't
vector is &HIPHOL ?§eéu‘t199¥1 Oé'fV @gepﬁﬁﬁeﬁl%%ﬁéﬁﬁiﬁequal

to one angjhase c‘(}ﬁ@@;ﬁnt};@t@ppaygtﬁgg;@m?ri@g extrenmely short voltage
vector is output so that the vol t age vec 34 VO or V7 which applies no

vol tage t qnigtr Ril0agé diftrdl eaeaRS forddiiolliny thé DE bk voltage to
be higher or lower in response with either condition of the voltage




Fig. 2 illustrates the application voltage to the nmotor 4 in two dinension.
A case is defined to as u-phase direction that the positive voltage is
applied to u-phase while the negative u8ltage is applied to v-phase and
w-phase. Simlarly, v-phase direction and w phase direction are defi ned.
And, the magnitude of the voltage is represented with the Iength of the
vector. In this case, voltage vectors VO-V7 are disposed as are illustrated
in Fig. 2. Wen a-vector between the voltage vector V1 and the voltage
vector V3 refwieguby the metarpischigher or losger, mespectivelyhanged and is

out put suitably in the order of VO, V1, V3, V7, for exanple, in the generic
spatial vector nktnodor\WeartrolinguapparatusagclanmeR is ameappatatus (t he

| engt h of e i ti I e ctor
Vo, V7 i s VEicHRErglovs SARRE o, Ibierdhelthe | iBwak, (0" a0 RET
times of traisiRgitheoutputvoltagesr therutpatawrnentvwhemshemotasiore f or
keeping t i t]i t : I from
the DO i e b sl oo PheT e JoudTi<lightep, BR e XHOLGE ol el (HRitRe] | L e
link for tHH& ‘i od when the voltage vector V1 is output (refer to an arrow
in Fig. 3), while the reversed.in positive-g&gati_ve current of the a phase
current flows tH mator gentselling ppppsaturcdf claimd4 igan apparafis s

out put , : j Aol ; i 4 and
Tdet ect Wm?‘ﬁi%‘ﬁ#*%@%%q%?gz‘%%lfﬁzﬁ*%@% e SYARERIME pRitterh Dt

i nverter” ,Véﬁiﬁggawx{n@ 1ming; fepm; lzlﬁeff §E¥OTE 0 surzent and the erence
docunent) Joutjsut vector patééed, for takulathignbe dekiyreithe oftie desrigbgse

current of (5. d hed. base on_t inverter.inpyt. th ul se
Wdth beodiish bBhe e CAREBEIQH SRRHIE” Bril FoboiaiasEbisng i thptoF

adj acent swoltage, asethe enotor waltdge gentral meams.t he phase current or the
phase current may becone inpossible to be detected. By taking this into

contSi deration, nkaphage @}n@entggﬁetgcﬁuﬁh dparadils i 6f d?hﬁmﬁ’»ﬁt | als taﬁif _
ortion . e econes nar r,ower ,sSo a Ses avl n
Phin pu scparatus Bt Eblovd, meRet Yot FAIRTarE ShE Se2ftie, "
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are adj acdhe fwﬁaﬁhahé govectps output perdeqd isdangernthan the spadmum at i on.
Ther of br 6 cd e i 5 ey ) . ‘
Che motor torodtput peried ta thel Mifoniul BRLSe st bargitig tfiehfig, on ©
4 sadvant \ . ; on ; el
Can be_obt o ned ‘yDHaseT CRrrent, Hetattion n%‘liﬁ?f%gﬁeé L plBEnE N 00
the | ow v PRAEAIRS SV &V&Q%éc%cﬂi e peeRNestethoforr carrydagi redtor the

v]g)l Eﬁge dis‘vfrﬁﬁc(gﬁﬁg bp?waeimplt@sﬁe iBV\fNPtEhVéFtt:aﬂ@ngyeﬁ@ﬁ,l i e{rﬁpldﬁé@t agﬁ
0 e reverse recti,on .when ut put vol t age becones grga n the
pr edet er mfﬁ‘@é‘%&df’ﬁg%r%% l%eSWﬁ;c?’ﬁB reﬁtﬁ%ﬁﬁmeﬁer h%n& ﬁf‘%f#nv@ t or
out put tinavditgr &t thse aurrenit deteption itiming; ats tige zopharter inverter
detection f. an enbodi ment according to the present invention. In
this phasewoggﬂaggltsécti on apparatus, a first condenser 2a and three
phase inverter 3,arg connected,bgtyween output termnals,of a gectification
circuitry 2 whi A PB@@?V&EW@?’&O@@E&HQQ i ra ‘?ﬁ]é’lﬁmlptﬁ’fo]fs tHE three
phase i nveaapparatus which ipovides awnrehnt detectionuwsectiondebhdchads i s
provi ded d ébli}g Sj i 3 4 first
condenser Za. gwp allse &ﬁ%"ﬁ?‘%@é@??gﬂn{’%p@ﬁ@é%% ?‘Z‘eesIZQ %lu ut
tinme det eﬁﬂﬁﬂ:teﬂﬁ that dhe ennyperten eureentagshthe insanten aurendvarect i on
section 6Q]et¢tByt error integrating section 6d, reverse vector generation
section 6e, and selection section 6f. The output time detection section 6a

receives a vol tq@q}éﬁcﬂgé iﬁﬂmn&ﬁ%éﬁe%te@%ﬂ@%ﬁ@ aofVBléﬁ‘ﬁe vector

whi ch shoul d he ea argé S out pu put 't 1me enlargenent
section ciemalereds 4 vdrengthe emethasbrdetestana phaseocuagenteef

el ar gorerp o 46 upofica (DX IIARTCRANE Ark? 2 vechl pafRinc o Thes ou!
| ength al I%Bﬁh&at Iﬂél@gw ch J@Egﬁipiﬁ nﬁléomt;‘@ti m Hau t‘%{iffit}%oeé"t’ugi 1 The
subtraction section 6g subtracts the length of actually output voltage
vector fromthe voltage vector command, and outputs an error. The out put
error integrating section 6d integrates the error fromthe subtraction
section 6g and calculates an integrated error of an output with respect to
t he vol tage vector conmand. The reverse vector generation section 6e

outputs a vector (reverse vector) which is obtained by replacing the OV OFF
in Table 1 for the enlarged voltage vector. The selection section 6f



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
SPS, a voltage vector is output. In stap SP6, an output voltage is
subtracted fromthe 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 detectian,apparatus, and net hod e described with reference to Fig.
7. \Men a @l@@ilp a5 tinsluded 4n ﬂlm@tqrngr@tmgiaappaﬁawﬂtf&gedré\mg a

command, anotériby sapplyedgicutpwts frorhhe PPWIMUinVérterety theenebér,secti on

6b enl arges the voltage vector VI up to the m nimum vector |ength based
upon t he t i Wa K j . +:t.he
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section 6c¥'e(VrQ§‘1S@F1 veliage ipnresponse do a)fagcthata dasiradedntyilas @sul ¢
i s negati vwmalh¢algeer se vector generation section 6e generates the reverse
vector V6 having the mininmumvector length in next carrier (refer to
section b ! /) a Wedirkhi ti i1Sa C ! u Lat.e ted
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det ect i on vectoramytmit peripdase current is inproved. Fig. 8 is a block
diagramillustrating a phase current detection apparatus of another
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and effect simlar e phase current detection apparat’us of
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si gnal . Theonmbank perind dhereafter when an shorteveltage veetorocommarsdt or

comand oykRHmie. om the sel ection section 7c as input, and detects a

vol tageI vect orp v&n ch should be enlarged its output time. 39 The gut EUt

vol tage 322?2?”?3?@@'e@?%ﬁbﬁggiwﬁﬁ%ﬁ??%%%&&f%&%%%&fq%i? put

and carri eanployed, ;and mwierptheemethod detretpua DiGndirenturent mndut put
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vector). se current ctiaqn, aratus |I's enp

vol tage cchmBHIOrs Graving: apparatns dorr dxiviaghiaometar t$@RPYEINE om t he

current cougnataficbraes WM inveridr to\tHe rhldgor,0l t age vector generation
section 7b generates the voltage vector command fromthe phase angle and

anpl i tude t t rwwsg u 4N, I H
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enl argenment section 6b. Therefore, a voltage actually applied to the notor
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shorter than the m ninumvector length is enployed as the output tine
detection section 6¢c. Fig. 10 is a flowshart useful in understanding a
phase current detection nmethod of a further enbodi ment according to the
present invention. Wien a current command is given, in step SP1, a DC |ink
current is detected by the current detector 5. In step SP2, the current
controlling operation is carried out and the vol tage command i s obt ai ned.
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Fig. 13 is a flowhart useful in understanding a phase current detection
nmet hod of a further 'enbodi nent according to the present invention. Wen
the current command is given, in step $1, a DC link current is detected by
the current detector 5. In step SP2, a current pattern is cal culated from
the detected DC link current (phase current). In step SP3, a voltage
command i s obtained by carrying out the current controlling operation. In
step SP4, a voltage vector js generated based upon the voltage conmmand. In
step SPS, time ds; d inhadddtion teotheuppenation aénd oeffest pﬁumﬂaretwm n
the dead t{Hfe bﬂoﬁbe(pfg?q i4 thPoh Hgbqgmﬂgt her or not the dead tine is

u gn% g t

avai |l abl e. V\hen It 1s | In step SPo6 at the dead tine is avail able,

tep SP7, th
ond "t he dead t. n"é’sf}ésfff’%iéés’ féﬁﬁégié%?fe%@?eéﬁa&ﬁﬁ Qﬁeth %affv’fZFE@?ﬁmﬁeiff‘? s
j udged i n emngloged, taad wheruthef methabdelge Seatp hasengurrent ofie dead
time is '%%tbf‘%‘aé 6Heé @ N6k SR L ARl Seckr 86 eBRPo B0l L age

vector |length,.l ar the S peci tied val ue.
43 Vihen i tEpBlipdagH 0§p§ insluded WL aimoter dITVng ARPRERIGS | n
step SP9, for deiviHgos dnwostftgf sap\%ying oipwigefront 8 PWNDifvestdrets t han
a predeter ned%ﬁ‘mfled val ue en it is judged in step 9 that the

9

vol tage v th is less than the predetermned specified value, in
step SP10, the éfb 1ige vector length i nl ar ed. When it is jydged,in step
SP7 that tthe afdestimatpme corsent zam the, pastrensrant Maduesaine,

when it i srdsptaest t0 tHeefaéPthhbain tdyspMelt valtagectectdreigtboi sh@ditd to or
greater than the s eC|f| edplﬁal ue, when the processing of step SP8 is

carried odfi€85Ung, tessing of step SP10 is carried out, in step
SP11, the | t age v or. i s output tep SP12, it is ed whether or
not the dehBere q@% hage elrltmzetmtﬁ %cpqltmféa @ﬁomeﬁjeﬁrfp €ARbE he
dead tine emp':l vgetaeiven wheheacthtdte tdierdastd meaBurenteldt cdrenodhcheol t age
vect or Iencgac}ﬁ tht is judged in step SP12 that the dead tinme is not
avai l abl e 1

he proce55| ng of step SP13 is carried out, |n step
SP14, a sanple t culated. T e t he seri ocess g |s
fini shed. Then, Wmiergp@%ttﬁ]%ﬁs‘énﬁugﬁ% t qt?‘@aﬂ%f‘&i“{fitdge e

det ecti on erpdogeds and wehéndtlae envbstdnod tdaetecfbeac phiassel ceairenst ofaetl y

S 1 ohi ﬁ;%@ﬁtigﬁé Jbﬁéb £ERC RSB AP SR o

is ill us'éI rapplieds which mmethiod tsiineludedoin g matodriving appanatie ﬁead
L SRR o s PN

applied vo ne perirod i'n Ionto the
appllcatldﬂubﬁﬁﬁ »of the voltage vector becones the period which allows
the current neasurenent when the current to_be nmeasured corresponding to
t he appl i dhevaneshe d/@(stmlatesequaurrenthva&uerahtaf desinegl viinting thye dead

tinme. Thatg e r I in the
dead tine 0 r@égir%e% e an'f Pbté’@%i&l %‘\EH ﬁ}%sé%hﬂ%e?ﬁ?égfﬁﬂ gie(gg tinme
peri od det‘éﬁ\ mgsn@aaé tfpemt naste@uiraﬂns qtestian vaduesnd t he

transi stor_which turns ON _corresponding to the a tﬁgl i ed voltage vector are

the sane. Rheeefons,etbe tphase ecurrenthvplue withstlitiled ernorabha bhe 45
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timing are different from one another.

When the phase current detection method of claim 10 is
employed, the method corrects the current detection value by
adding an error current to the estimated current value at the
desired timing. Therefore, the operation and effect similar to
those of claim 9 are realized by carrying out the simple operation.

When the phase current detection method of claim 11 is
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i npossible to be carried out by the appgaring vector within the dead tine
changes as is understood from Table 4, and by cal cul ating the m ni rum gate
pul se restriction width to have a wong value. Therefore, it is possible
that the current detection is assured by cal culating the magnitude of the

pul se width restriction under the assunption that the current detection
cannot be ther phagecutformatign nf theacurtent. Whhereferesthendivectionr efit

becones t h'éaE rf‘eﬁ%?:’é@ Ll%ee\é’ﬂirﬁ@rtba Wﬁl@'l&‘lé}fz%&ﬁﬂ e§eh ﬁﬁiéd? Hd M Or-

When t he |rect| on o se. curre ause t ase
current i dNGHAT| r%lfrﬁfeﬁh@ ciEBnEIE e ARgI& 19@0?‘@@5 ecly and

6, the cugifiilafitoeHdstoPoe@GE claiph 2'8 tﬁheﬁg Oél%um 81 aréFeadiRal, Whet her

or not the vector of 4 appears within the dead tine period. In this ‘case,

the assure curraphdipided ithde oot BebectiBnCRiEtiRsd WL chiiriabaul@! i ng

the m ni num g (#? nt ctro I.ch the
vector of emi ¥etlothe ilqrf entimates dhedireckon ot current fEoBt er abl e
that the ¢l Sétlu‘é‘i‘ic%cbfoﬂhe %Lﬁ@‘@ﬂtedahlﬂés bY'FMféfhgeOftheOﬂ‘i’rédﬂléﬁhbﬂg
device for,a tine requir curr t.ectyi on when t he cur e tetectlon
' corri odhid, ptifenf $ar He eStiRAteA il UTEh Hhcllidty gVeBLiHM

Descri pti cmoter rrnd‘eates tar‘erlovmhesp&edn ghdowhen vthe ageotor otmrque i I8 PWM

out - o0’ & curren pped’ gg‘rﬁgggrﬁgé;atsgf tlg@fgriscc[ﬁ ﬂgbﬁé&é@té@ééﬁ Smifucgs 1 o

det ect ed ithasei ef enecofhelaim &% I]O'ég are)me Zed10r this sake, it
beconmes necessary that the current det ectr on |s carried out by outputting
the vector for Wihemtthieplaseorciairendudetedtdonunpethod! ofigkaira Bdwes ed to

ror g comammpldybdl ThERfet i ctifféd Qﬁeé*&eg%éféf Sstifigtin g et
vector outditr ecaml af drhad:urmtr ﬁromett rnha;set tnformatsm of ithienenrxent or
becone ”e%'f&*% xoégtﬂ a1§1h'§'3t1’i’é d:ﬁ‘éct‘ibh%f‘gie Y:ﬁ‘i‘i'ghyf’? ofif

output is eat current can b ﬁeé’(% mthe DC
link by t ﬁQQHﬁlcﬁh ?ec%l” V@ ugs,- 1N FeSPPNse Wik Fet ’el 10Th this

]gase anddsmﬁﬂ tdfetT}g@tmotbﬁnafl‘KéreTorel thburllinleébtﬁ?@n GfeHet rlszﬁ?réﬂt icarneeded
or on andyoff of Tu e as is illus i n_Fi en
o O Ay S e e vER PR A bleh Srcuracr 65 skt DoEsdrih i
| ower ed rrmfﬁettthammba:edm those sfioneadfeclaine Zﬁrt}wnughnc]rmndeﬂ]acawl by
creating q%%q condition by selectively turning off the device being
detected its cur ‘ent by turning off the switching device. Even when the
current detecti can bhg carried oyt W thin peri od,
Che current - det SYHh Wi, ThASE diire, rieﬁe i AhEGE of ali BpnE

condi ti on e‘mrplayedpghermet}mdhapp tesrpilse wridth restrictiontocthivector ari | y
connect ed. t not

af fected b @tﬁué g)etrgbglen)gc léﬁgfnlﬁgfat}gged%& et-'lﬁ‘?‘:'\c/i {iﬁr@@gﬁp lgle Wif'ﬂ d}f(’if] ?tl; vel y
be out put.t e;ﬂ%mt@dembr@l iS i p&rgpus”rem: airlonr@mqre not or
by detect 'T‘Hei‘éﬁn@)tﬂ{e QUrrent detsetion fsU'?sEe@ﬂE‘eI}L Q*@a!likédT%oDﬂaht%é hat a

oot out v reratio, AnheftechoBrhlat b tHot: HEAHr AR, A M|

vol t age t clhém 84 are #ealizedni ntai n the pul se widt h ber ng wi de in response
to the voltage required by the notor being | ow, and by controlling the DC

Ibl nk vgl tﬁge tOWQu{ngdhe hmc%imte%ﬁ H@Qe&ﬁb&ﬁ@ﬁ?’lcl%létil 6f ¢l ! B6 ri@t or

erng |g SCI’Ip on I's ur er ustr,ai €S _a iIL.C

arr angenerft ﬂ%@ @?QWVW]E%e go Iq?foﬁbes&w]rtﬁhuig vices
const ruct ammstlttln‘ahg thev ®@Wae inferber For! antimenréguired rfok| edrbent

wtohen Dndtelediify SO hEk ke IRE b Porth dotBefitd SR 8*%”%‘%?@5&?“8&3?‘3'
1. The svmmanimglmevolstag& drepceviencwben oply mnewesctonds comtantieshteoi nt
of the regsd Gy tasﬂij%}?irpdf deairiépdi f1 stiehodsPHakihtimakdlfigs he

rectifier ciycu tor 12g.an ng nect

series to GHPEHINGsFOL %Eﬁemﬁr Oflh%n@ C}&ﬁ]t ?Hpﬂ%ar%%ﬁps?ﬁg‘dqrb%tl fier
circuit 2. And, a protection diode 12c is connected in parallel to the

swi t chi ng device Tc. The inverter section 3 receives the DC Iink vol t age as
i nput, applies the PWM nodul ation, and creates a voltage required for notor
driving. Though the vector output period at the inverter section is

determ ned based upon a ratio of the DC Iink voltage and a voltage to be
output to the notor 4, the higher the notor voltage is and the |ower the DC
link voltage is, the |longer the vector output period is. On the other hand,




illustrated in "H gh Efficiency Driving And Controlling Method For |PM

Mot or For Air Conditioner Using Sine Wave Driving", Matsuno et al.,
Dengakuron D, Vol. 119, No. 10, Heiseig4l nen (1999) (hereinafter, referred
to as reference docunent 2). Therefore, the current detection can easily be
carried out by advancing the current phase so as to raise the output

vol tage when the rotation speed is | ow causing the vector outputting period
beconmes shorter, or by advancing or descending the current phase so as to
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out put current becones snaller and causing the current direction detection
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inverter circuit, even when the gate signal turns on and the power device
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Description is made further. Fig. 33 illustrates a circuit arrangenent. A
resistor 5a for current detection is connected in series to a snoothing
condenser 2a which is connected to the DC link. The current flows in a
direction illustrated with an arrow A when current flows into fromthe
converter section, while the current flows in a direction illustrated with
an arrow B V\,hen current flows towards the |nverter sectlon Theref ore, any
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67 The invention of claim2 has characteristic effect such that the voltage
outputting too nuch due to enlarging in length is corrected so that the

vol tage vector having a length | onger Rhan that of the m ni num voltage
vector with the command current being made smaller its error, by enlarging
the voltage vector up to the voltage vector having the m ninum | ength and
by prohibiting outputting of the voltage vector for a constant periad

t hereafter when_a short voltage vector conmand is input. The invention of
claim 3 h&daBMadacteristic effect such that the phase current can be
detected even during the dead tine period. The invention of claim4 has
characteristic eVhen thephase currentr debection mpethrod cofodlaimt 42 is i ng

when the fb@ﬁp‘lﬁ?ﬁeﬂﬂﬂ? xﬁ\éﬁcﬁ‘aﬂt cBRhdS Bire! LOKVELESE Tor CRAPFAYT °cf‘tod%9 one
anot her so af’.the higher harnpni rror can he suppressed,” iy, Ition
to the ef SI¢ChIRg eperatipnato Eﬁeoﬁm IAVATET 10hSerigs, Brohipats

I nventi on sfitehdhp §f the etavertcr” agld ¢hel PIVM Svi/erteniat PRePé@eRsst N9 can

be sinplifjed, .inaddition t he gffect,simlar tp t.hat af one of ;,claim1l
Chr ough. cIdBtECELOn D gn: | oRhgFefars, mthenasuiFen b dgtpetinn’ ramcbe ch
that the afeadidzedby rentdvingetheafféctiontof heisbiare is not stable can

securely be elimnated, in addition to the effect simlar to that of one of
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suc at . GULT c - ree oye
oven wihon i SemaRaviflY tESBerksb R SHIGGH BoHOcHRRGn 3BR BAMKOLT o0
of cl ai m 'heseforay, dhecarrangenfdntcandoh simqplified smmd thecmeasure forie with
littl : ' 4 [ ' 4 t
obt ai ni ng HISE CAR DO TeRINAY SR PASE, ncadaitich, OF the BoBRALIoh st f o
claim 10 reffeethsimikascto $hapeof claimmdd.of claim 9 is realized by carrying

out the sinple S&eration. The invention of claim1l has the effect simlar
to that of clai WhemTithei phaseicurrentcdetectionhapparatustafi¢lain 48 iect

Chventi on %ﬁﬁg?gﬁﬁ%%ﬁﬁ%h fﬁ%‘igﬁi’??.ﬁéﬁéﬁé‘%%&éﬁ% E@%ﬁ?'ﬁ*ﬁf‘%ﬂﬂ%ﬁ
control | i AYOLRT | um@nc@flb?fmt ks errrenia ansk & ygctor paiternnto be

control |'i %ﬁﬁ@d@ a8id twhielr restrietd tpd | mifihAom Cﬁl@léée Wil dwHith
i nvention of clajm 14 .ha ah racterisjic ,etfect such that .a desired voltage
s 35 dnicduded i for

can be obt2RPREAES 3% & WAL drLVinS aRRAEaiEs WYH& #hpr ess
t he di st onhiotor iby sappdytngaetinrts fitoen 4 VMt mventerttagthdenotes greater

than the desired voltage value due to the limtation of the m nimum vector
?lﬁt PUE hperﬁhlsati apimramyf t@tsmntatbscaﬁrﬁmi&lt%thlbamﬁ@it %ﬁl ¢hef %ﬁ?ﬁeﬁvCh

a e vpltage out.puttin o_nmuch due to.enlarging+n |le i's
correct ed cgeotetcﬁlaqnt Emtfbg’t %db(?vgﬁ{‘ltﬁs &g\ﬂ 681%1%%{31 léﬁgglr&t%harqu of
t he m ni mupenl theyestimadioniresulb by dheentinimumntpulsenyidthevamgngr its
error, by %g{sgi ng the voltage vector up to the voltage vector having the
m ni mum | eng and by prohibiting outputting of the voltage vector for a

Constant oehlO0eS e ol SRR b Y AR5 P Mg e
cl'ai m 17 has. chaWItte ie: PRase Gukr el detpeton BDPAFALHE Clan ASE A i1 od at
the , ti mgmplbgad] htheeappartrisoenploysntmaatst HorDealcukating ethie
coi ncl denty oA P HE cafrdrPhpearl SH¥hd BETHESSH the'8rRént
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, as the minimum pulse width varying means.

Therefore, the secure detection of the phase current is realized.




69 addition to the effect simlar to that of one of claim 14 through claim
16. The invention of claim 18 has characteristic effect such that the
processing can be sinplified, in additkén to the effect simlar to that of
one of claim 14 through claim 16. The invention of claim219 has -
characteristic effect such that the affection for the period when the
hardware is not stable can securely be elimnated, in addition to~ the
effect simlar t hat. of one of claim14 through claim 16, -The invention
of claim20 has therpbase amrent detectioniapnarahas ofcdaiandacth be

detect ed \Wrhbp 1@$édraﬂyeeu Ppatiud hemiplopansfebin® for |e¥timdtingddiHd on to

the effect sim
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timng are different fromone another. The invention of claim 23 has the
effect simlar tWhemthefphhserowfrent detestion apparhtusiofitlainpdtais on.
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clai m 31 e ofolabtmed3dhirough clairdh ancarealisedi ni rum gat e- pul se wi dt h

can be determ ned by taking the response tine for each swi tching device
i nto consi der at iWheso theaphtke @ifrert debed:tat)nta phzhtal afhdaifn d7aisn 28
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of the cumealizedn al ways be estimated with high accuracy so that t he
effect simlar to that of one of claim28 through claim31 is realized. The

ijnvent ion of cl aVheip th@s hheeamlqrersﬁ d@t@éﬁif@fﬁta Q!i?at’fiétoﬁ dslammea]g\é f
chaim 'zgntemﬂgﬁg@r SR ESF Syt cHBIAA SR Tor St ol e o ©
char act er idiriections eftthmcurrant from diver sequ@emecof sheceurrent valiesd with
m ni mum vold 4% mihimum pulse width varying means. Therefore, 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 operation and effect similar to
those of one of claim 43 through claim 46 are realized.

When the phase current detection apparatus of claim 49 is
employed, the apparatus employs means for changing the



drop even when only one vector is continued to be output wwthin a carrier
interval such as maxi mum vol tage outputting, so that the effect simlar to
that of one of claim28 through claim@4 is realized. The invention of
claim 37 has characteristic effect such that the notor 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
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simlar to that of claim4l. The invention of claim43 has characteristic
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claim46 is realized. The invention of claim48 has characteristic effect

such that the dlwefen theophhke aunreait deaébtti@neéppﬁ%hedsvuftélaﬁngtslaﬁeur acy

wh h
Cont ol of T (?s&mr%fm ARDIETS s ouBtor T, OFF SREINE <1 ai m

controll ec?lgplﬂy
43 througtswitahnngG iceal icondtitliténgnthet |BWM mvertes9 forsa time

ot oat cu ToqufirgH 6k sHirbehbaflebperith Ak Hhel maifinth; Filsk" 'tgfdﬁtﬁéso?e
cl ai m 43 {VRIDUHE meanszte@fher@?@rriezéhe awerent, deteetiosr candpenrsalized

char act er iwifle ﬁii&ﬁ@ﬁumckyot etﬂ?o UrgRim e et 'diﬂy' Sor%@cveewrrﬁel i zed
so t hat the f.f ect

f gnlart %g one of claim (&{ou(gql laim49 is
real i zed. inRedhte be gatput withina, cagrierintery. .sal ASANaFIMIMh,t t he
current dat(ﬂtagenouapulhmngabozeldaw the nopeérationolarah effecp stusilanhtm only

i mum vanioascoEbhg f?fﬂtﬁﬁift‘hﬁt%ﬁé@ﬁe?ﬁ%fénrﬁaﬁ@f{ hat of one.of
laim43 th I 9 I f

char act er i st ?Egé‘tfﬁei‘ri”tﬁeh'xﬁﬂ (o tralling -AbBaradis, Off IR Faols

condi ti on employed; hend ewthen cthe emppdeatasi calcudates vaymdtercaolt@e out

the putse TEeH G REE 08B0 EAERTR bR kil £l o o

char act er |cgmr@netffr@m a6 linktcutrentuandna vester (patiternrtodbe @pplied, out
ot a4a B T Bt Wokehorh, B
cl ai @1

invention o er | at the vo tage
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characteristic effect such that the current detection can _securely be
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effect sifyl f 3of u tion
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the nmeasure for noise can be realized with ease, in addition to the effect
simlar to that of claim56.



74 What |Is Claimed Is: 1. A phase current detection nethod is a nethod

whi ch detects a phase current of a notor (4) based upon a DC |link current
and a vector pattern to be applied andgghich restricts the m ni mum pul se
wi dt h, which nmethod is included in a notor driving apparatus for driving a
notor (4) by supplying outputs froma PW inverter (3) to the notor (4),
the nmethod conprising the step of: adjusting a voltage to be applied by
addi ng positive or reversed voltage in response to a fact that a desired
duty has aneam®s. val ue. 2. A phase current detection nmethod is a nethod
whi ch detects a phase current of a notor (4) based upon a DC |ink current

and a vectDhepefore;, rthteonimt(np@anebb zottrolled irestable sonkkitiomisouthatl se

mcor (4) BF %%@f? E@r‘sﬁiﬁ St Ma‘@%\?ﬁvaﬂ’ﬁeﬁ{e@%@f i diod 0 ®

the met hodovaveformi egtpubtisigpanibe garniad owtawith affantionufi e by
varying a eYVq Sﬂﬁ dterval in response to a fact that a desired
duty has A phase current detection nethod is a nethod
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A phase current detection nethod as set forth in one of claim1l through
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observed throug nt resisto se cur ction nethod as
set forthIPgadfe o %@r PoVgHadei eri?ervél @Cﬂgﬁﬁc&ei%ctl on

is carri ecfeqlizéd/, sanpl i ng the current at a timng V\:hl ch has passed a
response tine fromthe starting of the period |n response to the fact that

sanpl ing at the Wehiethe! phieRiithi detdianl Rppatiut é%ﬂmlﬁ?% igtion

of the res e ti se current detec nmet hod whi ch
det ect s a%ﬁﬁ@yedﬁhﬁtaBpaEaﬁescﬁm@Ayyga@sa% cgf ating the B8 and o
vect or patpglse widbh swphatdthens Imtfithé conmimend edltage veetor adrd vi ng

(et o i oiesph St Brind sk, BHERHTY WY hatd SRbThet %ﬁ%%%g erier
current frwith Hhedactcthatrihe atectori outpupopemad) ishloriger then the

coPrent dafuRpRUEC cth?, bafpREPPEriCRTHR 1o BntIA! pufte RrRIMPC.
motor (4) m&msmfhﬂm%es &he @Lmreélt/a@t@ﬁa tigh: ean Facy ydw i ed,
whi ch net hedklized Reithdedp P@eésimi ef dlsﬁcﬁ't@én\ih“ﬂ'aamféf'ﬁi U additionvteg a

Fﬁé"ﬁéﬁé&%ﬁﬁ&%ﬁ”ﬂt et Builaicton JH0E, e LG ) oo

ti mi ng by thomonggh ichgim 4Grrent detection val ue using a current estimation
val ue gener at ed fromthe past current detection values. 10. A phase current

detection net hOCW&ﬁeﬁ t¢hef phhlsel éhﬁﬂeﬁiﬁﬂ%te&ﬁ@heapphﬁfﬁtﬁﬁrdﬂ%@lfalﬁi\ 56 1§ur rent
det ection vaI ea 3 |ed out by a mat ed
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current vARPIGY pRat Aty sanneets ABercaBverts It setauing ot nod
as set f orswmcthlngaopeﬁatmmelhhe RWM inverter on semespandktemplays val ue

by adi ng PRERS PP IRRARRTE, SPRELSHET oF OHE, chFRBrkeF FAATthERIWHL =

timng. 12. A phase current detection nethod is a nethod which estinmates
the current val ue by enploying the nethod of claim1l or the nethod of
claim10, in response to the size of the anplitude. 13. An inverter control
met hod is a nmethod which detects a phase current of a notor (4) based upon
a DClink current and a vector pattern to be applied, which nethod is
|ncluded |n a not or dr|V|ng apparatus for dr|V|ng a nDtor (4) by supplylng
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carrying out the controlling using the current neasurenent values at two
current neasurenent timngs within a carrier interval. 14. A phase current
detection apparatus is an apparatus whigh detects a phase current of a
notor (4) based upon a DC link current and a vector pattern to be applied
and which restricts the m ni mrum pul se wi dth, which apparatus is included in
a motor driving apparatus for driving a notor (4) by supplying outputs 77
froma PW inverter (3) to the notor (4), the apparatus conprising:

adj ust i ng inerser &) the cuxtensdetectiontimgng, assthegphivestey inverber

posi tive Qfox{ﬁ%{gﬂ%%n@o' t%%rbforésgg 8Rrert 486ctiOA can 5o readild Y has

a small value hase, current’ ection apparatus 1's an apparatus

whi ch det §em®%th§rﬁﬁﬂ@' @nﬁfﬁ@ﬁﬁ (4) based upon a DC |ink current
and a vector pattern to be applied and which restricts the m ninum pul se

wi dt h, whi ch appdtendhesphasewiserant dehmtaondappamgtupmfr@ha]mﬁ&rtsjnv. ng

a mot or (@In?)\logéﬂﬂﬁsllié‘gaﬁgg?%ﬁs g&\man éi ététe flo h%e%fdi{ (4),

t he appar at ustin ing a_voltage
to be applW lBy}S\,l@r§¢¥‘F§SaW|é §'@SWF3|té’a %ﬁ’mﬁf’ megcpn nem the a fact

that a deddCedinkitdetedtsass nﬁiét \t@ieJ@on%rtér P asRr raxﬁi'ttlrfé?tlﬁ%r@é‘r

appar at us |s an (2P aratg%% (f ects a DCLI nk_current n} cal ¢ at es a
phase cur rHT FWE erpfore, uthes arrangempent LCan
driving amiaiphi ﬁmd‘ and:lthelmgaaulretfm ﬁéiséouamb@lmlamwmmh%ésemim PVWM

een ' C%) (alitoh B % Bpghlioh A BRRIC i ATV PR oRUIBRA n651 20100

during the dead tinme, and for carrying out current detection in response to
t he judgenent result representi ng that current detection is possible. 17. A
phase current tectjon ap r.at as.,set forth in one of claim 14 through
claim 16, aseriptionafthe IéﬁE‘t’m}gSrneans (5)(7e)(7f) is neans for
sanpling the current at the center of a period when a current correspondi ng
to a voltage vedtigunes ]otJSeavddagrranugllﬂlw’rs‘Bdtmgranr arvangementsof A phase
current d r Oof claim 14 through claim
HBb i PRDS Al pEr A6 Bisin dr (@)Rrgi;laﬁ

16, wherein the cur ction rre 7f) is means for sanpling

the current det WEW %%ﬁé‘%téﬁdﬁtﬁﬁs%ﬁ A FPERSRERED HnPeR e s
as set forvaltageoractor andiphase voltage; cl ai m 16, wherein the current
detection neans (5)(7e)(7f) |s rreans for sanpling the current at the center

of a period whi dfigure dpes indiagramedseful énouinleratanding focuteentiar e
becom ng %pghetﬁéq}r(}ltg eyﬁcﬁgﬁvﬁ 1? wta current corresponding to a

vol t age vector 1S obser roug resi stor (5a) fromthe period
when a current n vect ar rved t hrough, t he
shunt resi stor ?85“%33‘ %&r%rétglg%@ﬂﬁ ﬁgfg tuélctl g é’tlgs atu 'éq%# orth
in one of flowingin theddGhlinkyi m 19, wherein the current detection nmeans
(5)(7e)(7f) is means for sanpling the current.at a timng which has passed

a response tine Figund 5 istarbloek dﬁaghanpaﬂltmtramlmgﬁqahaséOcmhaerttact

oetriet! %ﬁ%‘ﬁ%%ﬁ%@b 2t 2 gBEbhdncht. ABCGRAMA 0, Pnbopkod

16 ShioRtSSent
phase cur daventéontt i on 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, whi diganeattissaiflowetlardedsefub inoiuarderstandingopaphase f or

driving a ( iny 3 t he
mot or  (4) &ﬁt%&’é? ;Aﬁffrt%@qg%tﬁg"ﬁg&fp%&f %Iﬁfﬂ“etﬁrr%?ﬁt gwéitrgé t)é’o) ) (8h)
for esti rrepllerﬁg! memﬁon"romthe past current values in response to the
fact that an j applied voltage vector is too short to neasure the current.

Zﬁ A phase cur fagureers aodisgramausefud ianuadlessanding condeptieal a
phase cur n vect or
pattern to‘igger acl:é%ﬁ @H“M@’cﬁ?é)gﬁgﬁ%‘?@%gc%q h@&)@é‘é&@ &;ﬁﬂgt %’r driving
apparatus for drgwvin ROt or A uts fr ma PWM i nverter
(o the. ot ot igit® B, 182 hivk, MagrBi MAkt2athig ra pRESE: CITERL moans
(8i)(8j) fdla‘teei;iomaappglratusr nénancther ambodémerntl according twortleeting a
current dghﬁ%@n sr ng a 79 current estinmation val ue generated
fromthe past Curren, x ection values. 23. A phase current detection
apparatus as set forth |n claim 22, wherein the current estinmation neans
(8i)(8j) is neans for correcting the current detection value by adding an
error current to the estimated current value at the desired timng. 24. A
phase current detection apparatus as set forth in claim?22, wherein the

current estimation neans (8i)(8j) is neans for correcting the current
det ectr on vaI ue by operatr ng an arrplrtude error fromthe error current and
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25. A phase current detection apparatus as set forth in claim22, wherein
the current estimation neans (8i)(8j) is neans for cal culating an anplitude
error fromthe error current and for cggrecting 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 the anplit dtigures 9aismiblockl déagesm Alvstrating aqhasé eyywendt us is
an appara n a DC
i nk currteinétSJC anéﬁp %@?’géé%gtﬁgﬁqtdgﬁ g?a%p Oguﬁ%w{t%l géﬁg agglsdjﬁlsﬂb

i ncl uded |pre@emtmvemt19nng apparatus for dr| ving a m)tor (4) by supplying
outputs froma PW inverter (doto the nmotor (4), and which carries out
current control [Higgrer 100t @ e]nant-uw'ulcunmnderst@,ndm @ plraseus
conprisin r ) )

control i ?t:mﬁgﬁtt &bﬁéemeg]rar gg‘?e}{n(zgs%ffgngweqﬁe)&e{sﬁgg f?{m%ﬂﬁc% rc gg{hétgasur ement
timngs wb EI'%S%@F ingentiany val . 27. A phase current detection nethod is
a net hod which detects a phase current of a notor (4) based upon a DC Iink
current and a vdtigarepdltiera diagramppsefed mdndansttam.hngl conceptial ni num

80 pul t f
i Ving o SHeP it TKE Ptk SukRint eteb ol AR bR RS RIEN D 1o e

Current i iﬂi ?ﬁ%@%%‘ig”?% h@ﬁct“ﬁ%ﬁﬁnﬂ%ﬁ%ﬁ& hﬁhﬁh?ﬁﬁhf&ﬂf?f the
wi dt h basd}:‘tepbwn mpperatmsl a dauther2embodimentc accondinigt ta ttihen

met hod as Eﬂ ghi m 27, wherein the pulse width is a gate-pul se
wi dth. 29. ase current’ detectlon net hod as set forth in claim?28,

the curront e¥ o #él%a@“tta%lnﬁo%@%@“&&%@?ﬁﬁ&%%‘t@%&tt%sa%&"{“he

gat e- pul seumrent deteetionnmethed ofhat furihemleanbadimhent iasdondingeto t he
m ni mum V%Bteof)réé%ﬁk'ﬁnt}@h‘t for current detection on the DC link. 30. A
phase current detectlon et hod as set forth in claim28 or claim 29,

Vector is ost i mhiBnrS it E %éttﬁﬂtﬂﬁw@?@b@g@*?s%@?%dc@ﬁe@ﬁtupon

the esti mWwawe meaneaxammlhawénchrﬂems tethet indthod as set forth in
one of claim28 through claim30, wherein a response t| nme is determned in

cor respondence \Fitg‘runehe15VVii$ chi rdjag\dmes'lhmtﬂttingi ag timstByYWanemis er,

and the m | i ' : it chi Vi ces
whi ch caus?gi dﬁtg;r) gﬁtgvﬂi %éﬁﬁ%thﬂ agﬁégggﬁé?e@@} L}F?%wbﬁgﬁgngfggl set
forth i n @%ample}ai m 28 through claim 31, wherein the direction of the
current is estimated fromthe phase information of the current. 33. A phase
current detecti d?lgrmteho]ﬁass sat diagriamn expdashingaian 28ctwabughredrat m 31,
wherein t u n t n f the
current va uesf&gérl1 Oflo g;elgﬁrpléﬁt ]%g?e@ﬁkégﬁr?e%to t[sb gg‘tta?ggfha?lrgpone of
claim sfraaﬂmbagﬁp@wmmgrv\a&ea& heing of ast exempleor estimating the
direction of the current fromthe phase information of the current and the
processing for &?sngunauh'b iteadidiagram @expladningr emt actwal heuseenience of

th h d of
the ot or Wa¥ek ggefﬁh Avale HEHE D0, 1B TTBR0aR Y Hinbr B WAt Bl Pec ©
clai m 28 ttime, mammlqam se width restriction is applled to

the vector output peri od excluding the dead tinme, in response with the fact
that the esti matiigune dénis iss blockidiagramuillestratingnat phaser eurrerss. A

phase cur ﬁ:ﬁe 0 r f h

cl aim 34, rc glf'drt?gén%ﬁﬂrﬂﬁg 8 f?t'ﬁlthfegeemle)gdg%%s I ta S:'E: ?%mxgg E@W

i nverter iRres@Mcnantion; a t| me required for current detection. 37. A

motor controlling nmethod is a nmethod which calculates a notor voltage from

a DC link vol tad%gme al9atis- pul sbagrann, usefutt ina whderstanding famwm a DC

i nk curr%[gt %ﬂg@@fﬁ%&#&%aﬁﬁ?@'d%ﬁﬁdﬁn Jairols a notor (4)
etecte

based upon t e ca or voltage and the " phase current, the

o Tower 1 r oshoier s, AFRL Y 16O il istaubl g Bhbfientrelly " 00

notor is higher or |ower, respectively 38. A notor controlling nmethod as
set forth in claim37, wherein the nmethod | owers the power factor and

rai ses the output voltage or the output current when the rotation speed is
| ower or the load is lighter. 39. A notor controlling nmethod as set forth
in claim37, wherein the nethod cal cul ates the switching pattern of the
voItage varylng tlntng frontthe d|rect|on of the current and the ~out put
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82 28 through claim 31, wherein the gate-pulse wdth is cal cul ated so that
the length of the conmand voltage vector and the vector output period are
equal to one another, in response with3the fact that the vector output
period is longer than the m ni mum vector output period. 41. A phase current
detection nethod is a nmethod which cal cul ates a phase current fromthe
current of DC link and vector pattern to be applied, the nethod conprising
the steps of connecting the converter_ for carrying out swtching operation
to the Pwdetegtianrapppratuscef & funthesr embodimendniaceordings ta rhe
converter dmteildhtignerter at the current detection timng. 42. A phase
current detection nethod 4s set forth in claim4l, the converter current

and the inverten enyqar; t i.gli B ctj.on
section which i g_ﬁ'ﬁrseer?%s 1\%i ?% ?gé e%iyt g{sﬁ{éﬂs%oﬁhﬁgéf%gﬁgr gh the
DC |ink. sstimaiienanethoghef actwonendnvabpecdiarotheraxappplest us whi ch

detects a phase current of a notor (4iﬂbased upon a DC link current and a

vector pattern tRigwreaRf isd diagrdamcillusttatingsanhinvertervcomtitalling dt h,
whi ch app f-Sq | KA; ‘AYA fving a
o (a) P atatfs ofsuLERbbimeIR Sbcqkdife) o B PHS Bulhbitsd 5

t he apparatus CGppLi.Si @G - M ni pyd se w dt;h varvi.ng nmeans for estimating
di rection of th%@e% 185 4 ;l?igg]lﬁr @ﬁraagtgil‘tlﬁ ttlp% ﬁgpﬂéﬁﬁ FRFTERY vi ng
t he ni ni mdeteetion vappharatasdofioriunthezs enmbodimerds aiccording A dre
current d | APARRLYS as set forth in claim43, wherein the m nimum
pul se wi dt'h varyl ng neans’is neans for calculating the period when the
current appears n_the Link fy.omthe gﬂrr nt,.fl ow ng directi (arﬁl and the
vector pattern olg&geoé%ufsf anA1pgrany: LIHSHaHNE 2 g ReEPANFee afi &th so
that the examipleeaf pgdwer desdoe based mpumangatesignalt put period for
current detection on the DC I|ink. 83 45. A phase current detection

an?L atus as setFiganten 25 CEQ}fa4%c?IeIﬁtb§idn tﬂﬁagﬁhﬁtieiimldﬁft@amgwh@ul tS_e
Wi var ns ¢S, Neans f.or esti i ng. the ern o C eration
for causi ﬁﬁ%&%fﬁ\% f(ﬁ' 8&?@@%& ﬁbe r@‘rﬁ?(&cﬂn \ﬂﬁ) @*’ﬁgc?ﬁ’éeﬁlf #irﬂﬁht%e

gat e- pul s@hnase infermatignofithe earrent;j on result. 46. A phase current
detection apparatus as set forth in one of claim43 through clai m45,
wherei n the m nifigmreul 26 W dah ﬂmﬁhta@tm%_@fuksimg@ﬁiémm@iﬁ{gﬂﬂht@g ath
response iN:CQrges e s chi evi ces St ing the
PWM i nver %de'[r&eéﬁbﬁ@of"?vg?‘@%ﬁﬂg ﬂ’ﬂi (ﬁmﬁc %ﬁ%-‘gﬂ%g Wﬁ’f?flﬁg?ﬂgh % he
swi t chi ng phase énformationwfdheicuenentar yi ng. 47. A phase current

detection apparatus as set forth in one of claim43 through claim 46,
wherein the m niFiguneul 24 wislt a vachiergatikandiagrapandlfustrasingatihng t he

phase cor AAACISiE: {5 esiBRtNE 18 Ererbith e, SBrctubtGEitbis the ougn
cl ai m 46, seigarence ohsurrentvalnasie wi dth varying neans is means for
estimating the direction of the current fromthe sequence of the current

val ues. 49. A piRigureur 28nt isleteectschremppiv adiageans etilfustrating orthef

means. for Lﬂ%c%%%?&{éf%ﬁ?%%“ AR fat e PiBeCHR e i teing SRR S e
current fraamrend getend1onf or mati on of the current and the processing for
estimating the direction of the current fromthe sequence of the current

val ues, in respdigunrg t X hésr &t atschrernpéiry diaghammotidhust¥rting pHdse
it

current d i pRar.a t i ol A gh claim
39, wher et CRESREr LA BiREE e ek din]e) orf Bhixfing AHENES SMEHIRS o

pul se wi didevieetforccurnentodetectiens or out put period excl udi ng the dead
time, in response with the fact that the estimated current is within the
current estinat iRigure G0 iS1anA gleetdccancentryedimgram illpsteatingasa set
forth in i hecl ai : [ ul se
w dt h var %ﬁ ﬁ&%e%&?i@%%ﬁ%‘fg% ur ﬁfnégﬁo%%%rgelmgﬁ?h%céw 1@#{1%%% ces
const i t ut ipReESens Myentes;ter for a tinme required for current detection, as
the m ni num pul se width varying neans. 52. A notor controlling apparatus is
an appar at us whiigurs 3ilist adiagramrillustraging the redpnselof\anotdyer and a

vector palPatnle A0 Dob 8P ARTIE HeRR W reatd Mg Sl oo the

cal cul ated notor voltage and the detected phase current, the apparatus
conprising: notor voltage control neans for controlling the DC |ink voltage
to be higher or lower in response wth either condition of the voltage
required by the nmotor is higher or |ower, respectively 53. A notor
controlling apparatus as set forth in claim52, wherein notor voltage
control neans is neans for |owering the power factor and for raising the
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85 and the converter inverter control nmeans is nmeans for prohibiting
switching of the converter and the PWMinverter at the current detection
timng. 57. A phase current detection gpparatus as set forth in claimb56
further conprising a current detection section which i's in series with
respect to the snoothing condenser on the DC |ink detects so that the
converter current and the inverter current are detected. .A.A 9. AL.LAO .A
LALALAOLA A ALALA&AG&ALAL.ALAO9 Ale A9 A

. A9. AL. AL. A9. Afigare0 3% dsAan alectyic. eircadtry Ldiagmam( illastrgtingy la A(L. A(

L. A9. A; 91. 9 L A
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the input side of the three phase inverter 3 and the first
condenser 2a.

This current detector 5 has a shunt resistor 5a and a
current output section 5b. The shunt resistor 5a is interposed in
a wiring between the first condenser 2a and a second condenser
3a. The current output section 5b receives the voltage between
the terminals of the shunt resistor 5a and outputs it as a detected
current.

When the voltage vector is VO, or V7, all terminals of the
motor 4 are connected to the — line or + line of the power so that
voltage for increasing or decreasing current (hereinafter, referred
to simply as voltage) is not applied to the motor 4. When the
voltage vector is V1, the w-phase terminal of the motor is
connected to the + line of the power while other phase terminals
are connected to the — line of the power so that the voltage is
applied in a direction to increase the w-phase current (u-phase
and v-phase are in negative direction).

When PWM (pulse width modulation) is employed, a
magnitude of a voltage is determined based upon a ratio of
outputting time of voltage vectors within a carrier. Therefore, a
voltage vector having a very short period corresponding to a
voltage difference between phases (hereinafter, referred to as
“voltage vector is short”) is output when the voltage of each phase
is nearly equal to one another. When an output voltage is low,
extremely short voltage vector is output so that the voltage vector
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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
VO, 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 ig 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 is
considered such that PWM is deformed at the portion where the
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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.



10<< 10<< 10<<!'V OL! 10%<& ()-3}0P1010%& ()-, 910%& ()- 10<< 10<< 10<<!V
OL! 10%<<& ()- 'Q &!10%<& ()-! ! 10%<& () - X&UVWK[ zodY: 0, &10%<& ()- 10< 10<
10< 110%<& () -1!" " 1109%<<& ()-1![M 10%<g& ()-s! VM 10%<& ()-[123wUED: 0 10<<
10<<![ 79! 10%<& ()-y! Q +L! 10%<<& ()- !dM 10%<& ()- ![t!10%<& ()-

I VM 10%<<& ()--347r90M :t! 10%& ()-T2! dt! 10%<<& ()-T2! "t!10%<& ()-T2! t!10
We<& ()-T2t!110%<& () - T2@L0%<& ()- 10<<9:; <?F(v_=t! 1! Q L! 10%<& () -

'[FM 109%<& ()-" M 109%& ()-f10%& ( @10%:& ()- 10< 10<

10<v/r S1! M 10%48e ( putpldostine - éa ent 19sction<6loretd¢ives the

Ly gz xor s ?%Hé}” dg?ﬁf%‘amo%zé hs ‘f‘z}%ﬁ‘fe&&&’ etaplgd L) 11w
| 10%<<& (U q’foo tection | sagtionsGa (as3 Inpavis &a@ carrieg< out
10<0, ) M 1QHH& n'1eni: PIEssin ) for o &Q%ﬁﬁé énP&’xg( 2 Xhe\o l!lI\}IBM 9res& () -3

(M 10%<g () M IBTE (1 SO A0ved () 3tV 10868 () STV Te0eed (-3

10X<X<! dMVIERIBEK <&’ () 31i M 10%<& ()-3! dM 10%<& ()-3! "M 10%<& () 3! M 10%
<<& ()-3[ oP.:!dM 10%<& ()-30M 10%& ()- 3! dM 10%<& ()- 3! dM 10%<& ()-3M 1
09%& () - 3@10%THKe 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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2+ MCLOW & () - - Mo phase current detection apparatus of Fig. 8 comprises
a current controlling section 7a, voltage vector generation section
7b, reverse 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 7c as input, and
detects a voltage vector which should be enlarged its output time.
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57+ MC10% & () - BdP4Ke thin¥him 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
6e 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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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 out, 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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A 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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current detection method of a further embodiment accordlng 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 is
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 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 current 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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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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The dead 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 d-q axes conversion section 8a and the current
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.

Operation 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

) J%ehc
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the rotation of the motor.

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
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the current detection time is different 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 81 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 calculates 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 the 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 ¢) 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 (¢) 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 8;.

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 9c, 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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motor controlling section 10 and current estimation section 1la.
The current estimation section 11a estimates the direction of the
current at next current detection timing by approximately using
the direction of the current or the like for just prior operation, and
supplies the estimation result to the vector pattern table 11b.
The vector pattern table 11b outputs the vector to be output, and
its length, and the condition 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 11b, 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

gz;trchfg Z;:::'on Gate pulse width for assuring Ts Curre;;’:ncilstéection

vector output
ON ON Ts + MAX(Ton) — MIN(Tdon) L Ts+ MAX(Ton)
ON OFF Ts + MAX(Ton) — MIN(Tdoff) | Ts + MAX(Ton)
OFF ON Ts + MAX(Toff) — MIN(Tdon) 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.
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Table 4
i DC link changing timing
changing triangle triangle
current direction wave rising: — , wave falling:<—
direction voltage vector | DC link current
vid|vid|v]|d]v] v d A d v d v

1 0 4 (4 (|6 |6 (6 (|7 |0 Iu |[Iu [[Iw |[Iw |Iw || O
b 0 0 4 {6 6 6 7 0 0 Iu ([Iw |Iw |Iw [|O
4 0 10 |4 |6 |6 (7 7 |0 0 In |[Iw [Iw [ O 0
6 0 |0 I|l4 (4 (|6 17 7 |0 0 Iu |[Iu [Iw || O 0
2 0 jf4 |4 |4 ||6 |7 |7 |0 Iu |Iu [Iu [[Iw |0 0
3 0 4 |4 |4 ||6 |6 ||7 |0 In |[Iu [Iu |[Iw |Iw ||0
1 0 [l2 {2 |6 |6 |6 |7 {0 Iv |Iv [[Iw |Iw |Iw || O
b 0 (2 |2 {2 ||6 |6 |7 |0 Iv |Iv |Iv {|Iw |{Iw | O
4 0 (|2 {2 {2 |6 |7 710 Iv [Iv {(Iv {|Iw || O 0
6 0 |0 [[2 (2 ||6 |7 7 10 0 Iv |Iv {{Iw | O 0
2 0 |0 [[2 (6 |6 |7 |7 |0 0 Iv [Iw |[Iw | O 0
3 0 |0 ||2 6 |6 |6 7 |0 0 Iv |Iw |Iw |iw |[O
1 0 2 2 2 3 7 7 0 Iv Iv Iv Iu |0 0
b 0 (2 [2 |2 |38 |3 |7 |0 Iv |Iv |Iv Iu |Iu |[0
4 0 |2 |2 13 |3 |3 {7 |0 Iv |Iv |{Iu |In [Iu [0
6 0 [0 2 3 |3 |3 |7 |0 0 Iv In |Iu |[Iu [0
2 0 |0 [[2 |13 |38 |[7 7 10 0 Iv fIu {Iu || O 0
3 0 [0 [[2 |2 |3 7 7 10 0 Iv |Iv [[Iun | O 0
1 0 |0 1 |3 3 7 7 |0 0 Iw fIu |[Iu {0 0
B 0 |0 §1 }138 |3 3 |7 :0 0 Iw [Iu |Iu [Iu |0
4 0 1 (1 3 |3 {8 |7 [0 Iw {Iw [Iu |Iun |Iu (|0
6 0 1 (1 {1 |3 |8 |7 |0 Iw [Iw [Iw [[Iu |Tu [|O
2 0 |1 1 1 |[3 7 7 |0 Iw |Iw |[Iw [|Iu [ O 0
3 0 |0 1 1 13 7 {7 |0 0 Iw |Iw [Tu {0 0
1 0 |0 1 6 |6 |7 |7 |0 0 Iw |Iv [Iv {0 0
b 0 |0 1 ]1 B |7 |7 |0 0 Iw |Iw ||Iv [ O 0
4 0 1 (1 |1 |6 |7 |7 |0 Iw |Iw |[Iw [[Iv [ O 0
6 0 [l {1 |1 6 |6 |7 |O Iw |[Iw |Iw |Iv {Iv ||O
2 0 |1 (16 |B |B |7 |0 Iw |Iw f[Iv |Iv [Iv ||O
3 0 |0 1 B {6 [B |7 |0 0 Iw jIv [Iv |Iv | O
1 0 {4 |4 |4 |6 17T |7 10 In {Iun [Iu [[Iv [0 0
5 0 {0 |4 |4 |67 |7 |0 0 Iu {In |Iv |0 0
4 0 10 |4 (6 |6 [|7 7 |0 0 In ((Iv |[Iv |0 0
6 0 (0 |4 (6 |6 |5 (|7 |0 0 In [Iv [Iv |Iv | O
2 0 [[4 |4 |6 |6 |5 [|7 |0 Iu |In [[Iv |[Iv |Iv | O
3 0 |4 (4 |4 ||B [ |7 |O In |Iun |Iu [[Iv |[Iv |0

>

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
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Description is made further.

Current employs vector representation by determining the
flowing out direction to be 1 similarly to the voltage vector. The
direction of the current becomes 4 (= 100 in binary
representation) when u-phase is flowing out direction while v-
phase and w-phase are flowing in direction, for example. At this
condition, the current appearing the DC link based upon the
current and voltage vector pattern becomes a current as is
illustrated in Table 4. Wherein, the voltage vector column
represents the voltage vector output as the phase voltage
including the dead time, a portion represented with d represents
the vector output during the dead time while a portion
represented with v represents the voltage vector output under a
condition that the switch has settled, respectively. The DC link
current column represents the current now flowing the DC link.
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.

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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power device current Ic. Ts represents a sample time required
for current measurement (minimum vector output period). Tdoff
represents a period from the gate signal OFF till the power device
signal Ic begins its changing. Tf represents a falling time of the
power device current Ic.

The time Ton from the gate signal ON till the power device
has finish turning ON operation, and the time Toff from the gate
signal OFF till the power device has finish turning OFF operation,
are determined as follows:

Ton = Tdon + Tr
Toff = Tdoff + Tf

Now, the gate pulse width (a period when a vector is output
on the gate signal) required for assuring Ts becomes the width
illustrated in Table 3. In Fig. 3, a current detection timing is put
with when the hold time is determined to be 0.

Therefore, current detection with accuracy becomes
possible by the following operation: the direction of the current at
the detection timing is estimated; the switch operations prior to
and after the vector output are calculated using Table 4 from the
estimated direction of the current at the detection timing and the
voltage vector to be output; the gate pulse width for detection is
calculated; the gate pulse width is corrected to be longer and is
output when the gate pulse width to be output is shorter than the
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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switching device into consideration, by carrying out the following
operation: the minimum gate pulse width and current detection
timing are written which are calculated by further taking the
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 tl1 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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direction due to measurement error, estimation error when the
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 become necessary so that the output time of the
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
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between the connection point of the reactor 12a and diode 12b 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 12c is connected in parallel to the switching
device Te.

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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illustrated in “High Efficiency Driving And Controlling Method
For IPM Motor For Air Conditioner Using Sine Wave Driving”,
Matsuno et al., Dengakuron D, Vol. 119, No. 10, Heisei 11 nen
(1999) (hereinafter, referred to as reference document 2).
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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be Ton for turning on or Tdoff for turning off by the switching
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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devices when each of the current detectors of the converter section
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 invention of claim 2 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 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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different from one another.

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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addition to the effect similar to that of one of claim 14 through
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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The invention of claim 27 has characteristic effect such that the
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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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 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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The invention of claim 46 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 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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The invention of claim 53 has characteristic effect such
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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What Is Claimed Is:

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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sampling the current at the center of a period when a current
corresponding to a voltage vector is observed through a shunt
resistor.

5. Aphase 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. Aphase 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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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 value at a desired timing by correcting a
current detection value using a current estimation value
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 detection 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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from a PWM inverter (3) to the motor (4), the apparatus
comprising:

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
(8)(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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means.

19. 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 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
(6)(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

)

) 71d%ec Z10%-Cl ~& ()-#c Z10%Cl ~& () - #cC




) JY%ehz ) JYgYc Z10%-C! ~& ()-#c Z10%-Cl ~& ()-#c Z10%-C! ~& ()-# dDehz
JYehc Z10%-C ~& ()-#c Z10%-C ~& ()-#c Z10%C ~& ()-#c Z10%C ~& () - #c
Z10%-Cl ~& ()-#c Z10%-Cl ~& ()-#1'$" _2ehz79) J%c Z10%-Cl ~& () - #c
710%-Cl ~& () - #c Z10%-Cl ~& ()-#c Z10%-Cl ~& () - #c Z10%-Cl ~& () - #c
710%-Cl ~& ()-# *,./9_?ehz

current estimation value generated from the past current
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 {imings 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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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
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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28 through claim 31, wherein the processing for estimating the
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, wherein
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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28 through claim 31, wherein the gate-pulse width is calculated
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 the 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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and the converter inverter control means is means for prohibiting

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

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.



