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Technical Field The present invention relates to a phase current detection

apparatus for detecting a phase current of a m)t a current of
a DC (Direct Current) link and a vector pattern ' BE whi ch
|

apparatus is provided in a notor driving apparatus lies outputs
froma PWM (Pul se Wdth Mdul ation) inverter to a mt®™?%0 as to drive the
not or. Background Art Fromthe past, an apparatus for deform ng an out put

pul se int output is proposed as an apparatus for detecting a
phase curggﬁﬁgiééﬁﬁlgr in a notor driving apparatus for driving the

not or using an_inverter. \Wen the above arrangenent is enpl oyed,

di sadvantgg%i@ Gursat DeIRCHARARRMANS n current neasurenent due to ri ngi ng,

wavef orm def ormati on due to extension of pulse o caling in
driving rhegmicakRmldti on of abnornmal sound and Hmmmmmmm&ause no

anal ytic nethods were proposed at all for ringing esp Sigl 'y, disadvant ages
arise such thatTh@%‘r‘GéérfP@n%nﬂibﬁ‘%lﬁ@edt%)éjghﬁéééhfrenﬁﬂ tectigh dfpirdnisesponse

cannot be.re zed; and that nmeasurenent

cannot .
Al t hough far CHBE® Mhage reHTeHa0f 2 amtséiwaémorf %mr@nm aa&& i nk can

be det ect @dirbot agr@n%)mﬂk aﬁﬁlsa skefor pdttdrl t8iHd agplidd, t\bﬁicm@p;szﬁﬁmm in
af fecti on of ccur a

| rovi n neas nent
ol Cacvan BRI B0 a MGURR: dri Ve APPACIES T DiCE StReRes conats 28Modner ¢ han

a long puPWM KPakies Width aMudiafation )y ageertitietd @ mtuetsanas tof deive hihet
resistor. Therefore, detecting a phase current using a shunt resistor was

not nade I&”ﬁ%’fl cable. Disclosure of the Invention 2 The present invention
was nade in view of the above problenms. It is an object of the present

i nvent i onBaek gﬁ%mddéﬂa phase current detection apparatus for suppressing
ringing and for realizing taking a current rapidly and with high accuracy.
It is another oEj(mltthefpadil,eanraﬂmnatdsnfmrdéf@mnnngmmmhttﬂltaplpllsaéﬁtmarrent

- shunt _ruERSREBIE oudlu o BRODGA RCRY, mibtrahl L9 TPl AP ' M
appar at uscuitrent ofied emt)tora iphagrotorr denvingfapparatusrfaradeding dhe anotor ent  of
motor r i YRG EpEEREE"Whi ch 'suppl i ee. out put s 1 rom PN [ ver ter to the.
otor so as to Wl‘le\ﬁet Qeal;r(?xse arrangement is employed, disadvantages arise
such that error in current measurement due to ringing, waveform
deformation due to extension of pulse output time, scaling in driving range,

generation of abnormal sound and the like.

Because no analytic methods were proposed at all for ringing
especially, disadvantages arise such that reduction of ringing is difficult,
and that rapid response cannot be realized, and that measurement accuracy
cannot be improved.

Although it may be considered that a pulse current flowing in a DC
link can be detected using a shunt resistor, it is difficult that decreasing in
affection of noises and that improving measurement accuracy. And, a
disadvantage arises in that current detection cannot be realized other than
a long pulse, because of a peak voltage due to inductance of a shunt
resistor. Therefore, detecting a phase current using a shunt resistor was
not made practicable.

Disclosure of the Invention



the apparatus is characterized in that a capacitance of a bypass condenser
which is provided at a power device side position wth respect to a current
detector on the DClink, is set as snal2l as possible within a range in

whi ch no power devices are destroyed by a surge voltage due to the
switching. A phase current detection apparatus of claim2 is an apparatus
whi ch detects a phase current of a notor based upon a current of a DC rink
and a vector pahﬁfrn to be applied, and which is_provjided in a notor
driving appar at dhevpiesentsinygniion was prads o vievrofihssboyeproblemte notor so
as to drive the notor, the apparatus is characterized in that a capacitance
of a bypass confieissan olijecthof shepuesaiednaentopaeeprolede @ephastecprsnt i on

on the canpissttirl PRkl &5 Sib8tesRie: dste il forouiteifd fabfhe % oo nea
capaci t ancermeht aapigily anfl withddégheacsutracypower supply side and a wiring

i nduct ance between those condensers, becones equal to or less than a

m ni mum current [iid Ghotiey bbjetet 6Lt presédieimwntn t61§0eidy -a phas@se

current detection apparatus of claim3.is.an a ratus which d cts a
phase cur FYREENLs Hﬁter%@ﬂ}r a@&é&ﬁuﬁpg‘ﬁ %ﬁ?u%taggﬁﬁs%@‘}ﬁw é’ﬁ’aﬁa tor

pattern tacberazgnisiag.a snttwhsigtorl s provided in a notor 3 driving
apparatus whi ch supplies outputs from.PW inverter to the notor so as to

drive the motor.a ighacBnaRTEhU el P aBPhAIhE S5 bRl i@ aausfngafat@
supplied directly*to power devices frofita pass condenser | ntpower_supply
si de t hr owghich detectsna phasecewnreninof emoeor ibaked Apsimagecwrtentent adBect i on
appar at us i i r iiC S: r f a
ot or bas ik, Bhd T VECACR jAIIRG I dpp IRl R R T B oE ol el
and whi ch drivipg appasatus whickotunplies eutpytafom KWMinverestpphe swtett put s
- from PWM iggvRrib&dri @tﬁ@ﬁwfgﬁor so as to drive the notor, the apparatus is
characterized in that a [ow'pass filter is provided to a current detector,

o chcan epPafarht 1Y SRR Bed T sl RERBaLIAAS oF 3 R4S Sldef o

measur emewhiehris providerhatca posverndevise giateepasitionbasthdrespect toi a cugrent om a

pover o ERRABE ob BT ER s Ak 1S BHSTE Wi HteCth WERER,
appar at us nof pewei deSicespreylesaeyethdy osargesvoltaga due 4o thewswarchifng. t er
i ncl udi ng changeover neans for changi ng over cut-off frequencies. A phase

current detecti @Déﬂmé‘réﬁﬁénﬂ)ﬁe%cﬁdﬁ @pbﬁrsﬁﬁs apelail Wi a phfflis a
phase current . of not or, based upon_.a current of a DC rink and.a tor

n
pattern t&VBehadefectsaa phasevpiigent of 3 mataedased 1nan arcwrent Af aaPlar at us

whi ch SuEmﬂleandui pottorfparerh WY b@ﬁpgli@d, and twRidipisopraadded iha gtdm the
nmotor, t apparatus is characterized in that t.er i.s pravided to a
Cur rent  driaRg A AR Seics Owpet, B2 BatrinvetEe R B BRdlet oct'i on
of a curr aotasabo dripe geetmstot,ned m ni mrum vol t age vector |ength, wherein a
line length fromthe inverter to the notor is set by the filter so as to

ave a r%ﬂegwrmg% charfibibed dn tha"R'chphbRfinée B;gggyg%g@g@ﬂggﬁdenser

suppr essi on ringi n(ig@gener ated base iKs)o W ring,
in power dulbishyisqraxidesl podpovrivdedse side Pagjtionovithhigspedieio aevrsas to t he

notor, an ; ess e nt i im?7
enpl oys agieitﬁgofi%?l?ﬂgre lgcﬂlﬂ(’gr I ncsiéﬁaﬁa c{tﬂf%r%c%%ggb ? ?ﬁt%fexrﬁﬁy\ﬁcgﬁr gitl?l ize a
t hr ough-r épéeéfpnweapbcnwm@nonﬁgm@r@dcgy rPef@Mbined cApACIEHIE at asPAf cl ai m

8 enpl oys @FondRnIeR iinfﬂv@d'veﬁﬂu éifiis%d@Wiﬁ%ﬁgﬁnﬂhb%ﬂ:@ﬁﬁ%eﬁ@&i S
equal to or less than a val ue ai n?d b rmltl.pl.r\;ll rll_lgl; a ringi H? frequency
and a maxicondeBsessubegamesgequal to or less than a minimum current™which can

be detected by the current detector.
A phase current detection apparatus of claim 3 is an apparatus

which detects a phase current of a motor based upon a current of a DC
rink and a vector pattern to be applied, and which is provided in a motor



A phase current detection apparatus of claim9 enploys as the anplifier
included within the current detector an anplifier conprising an operational
anplifier and is limted its bandw dt h3by a feedback capacitance. A phase
current detection apparatus of claim10 is an apparatus which detects a
phase current of a notor based upon a current of a DC rink and a vector
pattern to be applied, and which is provided in a notor driving apparatus
whi ch supp)jes outputs fromPW inverter tg th Qr so as to drive the
motor, t h&THABEARPasatus whichasunpliesptpyts fram $WRI dBYERSRER g mptar Lc

serial reggnaNeadfVeé ehe indtdr,provi ded in parallel to a current detector,
wherein its resonance frequency is matched to a frequency of ringing which

to power - 40y pBRBAyYRPEtakltered SR AT ISYIEBREN itk R pGiRp .Y ' ¢
nmot or. A pleaseescinonemt bypassceondensgpangremensupphi sideithrough appoeat us

whi ch det r t of a notor based upon a current of a DC rink
and a vect:%i%?écgg{pgﬁﬁgt]gebléﬁgppl ied, and which is provided in a notor

driving apparatus ich supplies outputs fromPWi.nverter to the notor so
as to drive the Vyrl]ﬂs? ‘E‘Fﬁggﬁoﬂﬁf;%ﬁt APPAF{PS Qe CIA1BY 4 AS AN APPRE YD par at us

conpr i ses vlgichr deteats arphmancurteit GEasHidtoy baked agsdn anu@éntaof iasD@ del ay
time, a falli naddel a¥ ti né and a?vvavi:f 8rm8f g urrent .ﬁoar.esagon ing to a
comand f &k ABd;4,YErtox, PaltrInt 008 AgPTigdaand ybich (s.Previded in d motpp,

det er m ni mgivihg|appairatwsewhichaswuppliesndutpate fione P WiMlingerten o ehemmotorm 5
vol t age vect or I(ﬁ:ngtghbas d_upon the neasurenent result. A phase current
detection Sgﬁﬁattoa TJ¥e Gpe P 12 enpl oys as the determ nation nmeans a

determ natj on neans whi ch neasures at |east one of a rising delay tine, a
falling ddheyapparatusaisd chaasienmzndningthat aulowrpassofittes gsrprovided ta @onmand

for the i pyerdiR’detddot] WAERGn Icdt of udts Sl Y Pass filtdr idGepd under
v(\}u c ﬁ?? wed”in t t

a condition _n OC currents_are e notor. A phase current
det ect i on dafisauengy which han sutficientdyssupprese ansospananti oy 2 pwging us a

motor dri RAtRR WhifdasGAtheRe ettr, RV ¢ONaRsHRIAL isOBeHet18d
triangle ve conpari son net hod, and egl oys.as the detT}r’? tion neans a

det er mi natDasRd HPRSWHANE ATeMRrd PERAH O GF &PV SURP IOPRWEF a

rising deldeyié¢dsTRvirihg o Be gelvay devites tanfieanviirchd th@matogur r ent
corresponding to a conmand for the inverter and neasurenent of current for

phase current d .Qn .k S : i | .ope, ofnt he
triangl e wave, %eg@edcs i ?/%ﬁ%pﬁgelﬁ%égtgl c%bgrag%ﬁggoeﬁjggﬁﬁgﬁ ggnp@rog?u%sogflécl aim
14 enpl oydowspassefilter ar liwgaise d1ltaraimeludidgt changeaven memnsnforvehangingi ns

down the _ for the phase current detection, and carries
out rreasufdé;r%%%?&o@gfeﬁuggg one of a rising delay tinme, a falling del ay

time, and a waveform of a currgent correspondi ng.to .a command for the
inverter. A phade RUASSeRNITERE SEfecstom apRARAS OF claiy 415 A IPBIEAHS | he
notor a noyhichwierltdlai pleseacugsat of ed nestopriasedrupsh phasgentiof enDC

det ecti on appar gt us O{grd '%m 16 hs an..a paratUﬁ. i ch _det.egt.s a_current

1 owi ng i A AAd 4 Neckyi pRtEIsYLbE apelied: and whirtus Brovided g g qlotor
not or dri \driingrapparbus whickhsepplies putputd from PWNMnineetter tatke sugpli ed to

the notor so (tio drf'lve t.he notor,
80 as {o drive the motor,

the apparatus is characterized in that a filter is provided to a current
detector which filter has a response speed which enables detection of a
current at a predetermined minimum voltage vector length, wherein a line
length from the inverter to the motor is set by the filter so as to have a
frequency which is equal to or more than a frequency enabling
suppression of ringing generated based upon wiring from a bypass
condenser in power supply side to power devices, wiring from the power
devices to the motor, and the motor.



the apparatus is characterized in that a first filter is provided for
offsetting an error due to inductance conponent acconpanyi ng the shunt
resistor. A phase current detection apmaratus of claim 17 enpl oys as the
first filter a filter which has a pole at a | ower frequency than an upper
limt of frequency characteristics required for a current detection
circuit. 6 A phase current detection apparatus of claim 18 enploys as the
first filter a filter which involves a pole at a frequency sane to that of
zero made from théhasaneurrent detactiond apparatusefe claampdhemplays o ahgi ng t he

shunt es'fﬂ%é}ra filt 1&@?\?&;1@5&#&9%&@@& VhiéR RA{flelS tﬁfoﬂlﬁkd’fb](?f drt her

conprising a secon I ch 'tancel s unnecessary osci |3 ation conponent
of the cu 181. owi ng in the shunt resistor. A phase current detection

apparatus of claim 20 enploys as the first or second filter a filter which
conpri ses passi Ve plaseecursenndetectonapparatusli ofecldin 8 eniploybuas thesi st or .

detects aimpitit &hahbRter AIIEHtnRn i A ShiciSERBRG G s BAER, o 1 &
provi ded ian valusmtabtaimeidv bygmadtiptyingsai ringing Hrequenetys ahdoan makimover t er

are suppll g%ﬁpvéteﬁ%{mt or so as to drive the notor, the apparatus is
charact eri% ][ noi se canceling neans is provi ded whi ch cancel s noi se

due to magnetic ener at e fromthe shunt sjstor, and the DC Jink. A
phase current dét é@ﬁs nC‘éﬁSE%trgiF {retign @pRArAtYS (? C!&ﬁi“hr?p&ﬁwlﬁé’sv\#ﬁ (E*‘nedet ects
a cur(r]I egt ahPhifies 1ﬂﬂgde@@vithﬁkth§b?ﬁeﬁt ﬂ'émt%titof a8l Fhplifiedtd 1§1|ih &n t
provided in rodri ar.a i n.whic rom nverter
are suppl |°é’&“l“6°‘?‘ﬂe ﬁk‘egoaga 9 ‘\V’édt He Mﬂpkh}he ppar &ng

char act erlcancitﬂn(té]at circuitry elenents are inplenented so that the
circuitry elenments are not affected by noise due to magnetic flux generated

appar atus of ol o pIBSE ctfnt Qﬁﬁé' %ﬁ?%lﬁf@"?éﬁ‘é%ﬁ stlfﬁﬁkﬁﬁékﬂv to a
pl ane whi owhich d @ﬁ@éfsaﬂ@h&ﬁﬁ mrgﬁ@tt pE o motoydasedtupprr aceunrert 6hunDC esi st or
and the Vd} Ed a“veéﬂfrg%é%&{ %tbéi%@ﬁt«moanawa{af g,SPwa&%@ﬁa?Mt%ra”

appar at us shunt Istor Inserte

det ecti ng (hl‘ﬂﬂgCﬂ’PR%iaWérW ichusuppliesdentpyts Gione iFWM tinveriar to the mptednput er
receiving ¢ iVOPE WdtBRt output as an input, and which is provided in
a not or 7 driving apparatus in which outputs fromPWVinverter are

suppl i ed ttﬁetgfpe@th?sr i§ CchtitabRrideld” fr RSt P Rker comprising a LC serial
resonance circuit is provided in parallel to a current detector, wherein its
resonance frequency is matched to a frequency of ringing which is
generated based upon wiring from a bypass condenser in power supply
side to power devices, wiring from the power devices to the motor, and the
motor.

A phase current detection apparatus of claim 11 is an apparatus
which detects a phase current of a motor based upon a current of a DC
rink and a vector pattern to be applied, and which is provided in a motor
driving apparatus which supplies outputs from PWM inverter to the motor
s0 as to drive the motor,

the apparatus is characterized in that the apparatus comprises
determination means for measuring at least one of a rising delay time, a
falling delay time, and a waveform of a current corresponding to a
command for the inverter and flowing in at least the DC link, and for
determining at least one of a current detection timing, and a minimum



t he apparatus is characterized in that signal ground of the current
detection circuit and ground of the m cro-conputer are connected to one
anot her at one side of the shunt resistior. A phase current detection
apparatus of claim25 is an apparatus which conprises a shunt resistor
inserted in a DC link for detecting a notor current, current detection
circuit, and a mcro-conputer receiving a detection current output as an

i nput, and which is provided in a notor driving apparatus in which outputs
from PWM ivielageareciorlengsh based ugonithe rpeasuremens resiltir i ve the notor, the
apparatus is characterized in that common node choke coils are inserted to
ground of the cux phase datresiti deteotibpuappardtushef rolaim- L2 remplays hehe t he

Bppar at us iberRatigh, fikaBRC Bl hiBn TnEhds WhiERmRARes N 00 2 o

rink and afvecisimg melaytime,oa fallagpidetay; tinre,aambaowaseforim@fappar@nus whi ch

suppl i es jpve r IS0 J0 . drjiv tor,
the" appar SCH bapUiRELS bR EaNE ol Ak BVEREE antCHARIRE P b Foait o™
provi ded dDCdiploae stadtingcmdsunidepasonditiomin whieb R2Ctcurcentsare dtoveed

det ect or ‘?Htf)@?n&% link, as small as possible within a range in which no
power devices are 5’estroyed by a surge voltage due to the swtching.
Therefore, current .detection gccur,acy is inproyed b eventing ringing of
current due to #%%ﬁc"é‘rf?@na?‘iemﬁgai’?@r@ é’ﬁrqéﬂg ﬁiteéEP ¥S ¥ eqt he

phase cur rgofordii €t dypRRART R hittop Uritligg Bppardtus WHioH @Arrie SundVM he
appar atus detects a_ phase currengi of a npbtor based Hﬁﬁw a current of a DC
Fink and AVaN EBRerONoRSINE riADEle, Sya e CompagisaR methid, ANd e mpIaYS Ats whi ch
fﬁppl ies Q%lé pdtesetrirﬁgﬁniewmm_ t ter défpr{xﬁﬁaum Oﬁnmsajwh'fcmrdatﬁeﬁ hgugot gr,
e apparatus sets capacitance. of .t.he pass _con er ich.is
o hna” SheZeilimnt if, AR DA St R ribine, feBY oy TabSe, Bl itk
det ect or amdt hevd¥xefbrmkof s@uﬂ'tmtd (mrmslpgg_dingc)im hhﬁ)rgmamhfoﬁiékei@w_erted?e to
r esonance enonenon._generat e a _gonbi ne apaci t.ance, of .a pai,r o
condonaer ARSI SEN5E BuFhatof iiATE difertrdiaEe GAR S, B iridol hede
condenser saindodeseendimgslapetaf the triaagld avearespectivelycur rent which can be
detected by the current detector. Therefore, neasurenent error is greatly

decreased and cwr AGC VS o e h se
X ftitise TEIASREIIC HBRICHBACHD AN of AR ﬂ% emglb}ls & Rhe

current defection apparatus of claim, s enpl oyed, .an n -t he apparatus
det ects a dsf@RINALONCHICags aat?w@mnqimmmnwgl@uﬁh@md%vn dhocurient and a

vector patth@idurbfhed® faPPhé ?ﬁasé Bu?reﬂPH@fec@fdn‘,’iaﬁa GRBRS Mt ¥ FBreARP! | es
out puts frgom PVWIlnver%er .tothe nmofor sqQ as tQ driye the notor, _the
appar at us o geastsong et @ isiagrdelay duneya tfallméelaaé«/m@eﬁndr%mawraﬁowpass

condenser dffy @MBAL éb‘ﬂ@ép(oﬁdiﬁg tbld eoit e fétheSiilveftiek.ect or on the DC Iink.
Therefore, affection of resonance current is suppressed to nearly zero and

current neasure c 11§ ¢ RO t he: nh n ection
apparatus of cl aq%#hﬁlgs _el?f% t&%@?@%‘dxﬁﬁ%&%@fa@ggﬁa ugergg{({é@t és gﬁ%hase
current ofmators trotpasdrchpsbives auendoesedtommessatnk and a vector pattern
to be applied, in a notor driving apparatus which supplies outputs from PW

inverter to the Amjlnisesourgént detbction hpparmoioiof ¢laimapfasainiappacatuges the
| ow pass fi*)tgdto isge currenf1 det ect or, {ﬁﬂfrgi n.a cut-of{ f rrequency of the
| ow pass Yl detectya qigrent flowingcn aPtnlipkUunerd shunt rgsisiepprids o
conponent which id ¢gongledr agueneoton diivinga appasatuerinnivhich wutpwtsi éfom
conponent Olgﬁ,[lgener t ed base .u%?n Wi T Qg fromtaﬁfaﬂ%\/condenser in power
suppl y si deni ¥ HSKEET 3iS FRRRLE L0 fhe MQIEE S S (R SHLYe HRMO t 6 t he not o,
and the notor. Therefore, the conponent of the ringing frequengy i.s

suf f i ci entthy appIsstEsds ¢hasarerined anthaina fust filter dh Psevideddipriafiseiiingved.
Wen the FdiﬁéﬁoﬁHhéﬁtatinéﬁ&@ﬁbb%%nﬁf&ﬂiﬂb’rﬁtd&oﬁ{ eﬁig@hg‘tﬁe kRuRiispted, the
W- pas

apparatus enploys as the lowpass Tilter a | filter including
changeover meansy f, GNANGLRP dRYRtich hpPhlath! STUQAGNCE7 HHPIGsChE the

first filter a filter which has a pole at a lower frequency than an upper limit

of frequency characteristics required for a current detection citcuit.



9 varying in wiring length and the |ike can be flexibly dealt, and
operation and effect which are simlar to those of claim4 can be realized.
When the phase current detection apparatus of claim6 is enployed, and when
t he apparatus detects a phase current of a notor based upon a current of a
DC rink and a vector pattern to be applied, in a notor driving apparatus
whi ch supplies outputs fromPW inverter to the notor so as to drive the
notor, the apparatus provides the filter to the current detector mhlch
filter has a redp®hase spueentniectentionaapparatis of talaim o8 greployenas &h

pr edet er mifigefitfef 'a”HIIhVRJlﬁé‘lSJ?%V@lQ/EQra PARU: FehRERES shme' (0% haP Bsszré rom t he
inverter to notor | s set ter so ave a frequency which
i s equal tr%adﬂ rr%m éhe ﬁhﬁnbrersuéqnéndynén%npn@ommneéwceﬁnmanrwmtlmg

gener at ed shaffsediop Wi ring fromthe bypass conhdenser in power supply side
to power devices, wring fromthe power devices to the notor, and the

not or. Therefor f 1 IS sufftm ently
suppressed, and%t Rgg%iﬁsﬁgﬁﬁpﬁgé?gﬁpgn%ﬁtarg@%u&g@?lrﬁs ﬁb‘?f%%ﬁomﬁﬁ'éﬁl & he
phase cur aesecaiut é"ﬂterowlmpipaxaam]s uhnec¢essary’ oss1llaatmmycemmltmta@bahat us
enpl oys a ing a lowpass filter which utilize a
t hr ough- rgt’lgﬂ%tl drt'{qg{rgpﬁﬁ #h‘?fnfﬁggé*;{% operation and effect which are
simlar to those of claim®6 can be reallzed Whe the hase current
detection appar & Lﬁ’&laﬁ QUTESTH 8e‘ie§t1@ﬁpﬂéﬂ@'émst rE GRS 03 the t he
anpl i fier fagt aFPsedoRy filgat AOfikel RRKEN chRifftisl Eﬁsdlﬁe Sélé?derit@ 4id |1§t55 E han
cy and a nmaxi nmum out pu

a val ue obtai ne a ringing freque
vol t age. ?9@%?@@“@)‘&5‘5&?%&2‘?‘%@?? Q% which are sinmilar to those of

claim?7 can be realized. Wien the phase current detection apparatus of
claim9 is enpl dyphase rirsgyadeteationngpparstuss of rdainid 1 fis e apparatesi wi t hin

01 T ¢ oqhieh! Getkels AT AbRAE RE ISC Mk LsthE a8 id, 1€
over shoot Which alSsprQNldédshb@t mgter girre\angyappamtlmj,lnawhlalpmuépmtenframl ef f ect
whi ch ar e gy ligte xger Bféois:tgprtﬁiecf’ﬂ?t fm‘blt@' §Efa§t6 i%ectﬁ@ ﬂ}gt gieal i zed. Ven

t he phase current et ect appar at us ai m ehpl oyed and
when t he arat us det ects a pha e c rent. of tor based u urrent
of & DC r % ApRaratus s, hataCerisfA iy It Hoise eamceingameans isdpayidigl
appar at us witichitangphd nme@htetmtmagneﬁc Pl penerated fiioon the shuhol‘es'is?toﬂs to

drive theagﬁttglr, &hlin pparatus provides the filter conprising a LC seri al
resonance Sll? ‘aral lel to a current detector, wherein its resonance

frequency is rratch%g to a frequency of rlag)l{ng whi ch i s.generated based
upon wiring f r od} PSS U TSndRLSSHPN; 2DRATARYS 6f sPaim <2 21dS an gpRRFatER Vi ces,

W ring fr%lbhedét%%ra%\ﬂé‘fﬁsﬂbﬁuﬁ §n"POC, hﬂl@%stiﬁ'g dTOh@ht reSiGbel ME.

af fection H ngi ng .is reduced éf current deteg B %(;curacy IS

i nproved. “3@11@ Iheroyided WAy Btop drbenE AP RigE S iR sWbich: oxtpRts 1 from
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11 enpl oyed, the apparatus enploys as the notor driving apparatus a notor
driving apparatus which carries out PAW wave generation using triangle wave
conpari son nethod, and enploys as the determ nati on nmeans a determ nation
means whi ch carries out neasurenent of at |east one of a rising delay tineg,
a falling delay tine, and a waveformof a current corresponding to a
command for the inverter and neasurenent of current for phase current
detection, at a rising slope and descendi ng_sl ope of the triangle wave,
respect i valtVingApparavs, ingehigh enipsits Erom Yy Mripystirearanupplied o éhe s

det ect ed, RHDr&Y 4 dH6E ¢ | ?ccur acy is inproved. Wien the phase
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detection circuit. Therefore, flat characteristics for a wde range |s
realized, consegugsy N; ol
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driving apparatus in which outputs from
the apparatus sets the capacitance of the bypass condenser which is




13 PWMinverter are supplied to the nmotor so as to drive the notor, the
circuitry elenents are not affected by noise due to magnetic flux generated
fromthe shunt resistor and the DC linlg by the inplenentation of the
circuitry elenments. Therefore, accuracy of phase current detection is

I nproved. When the phase current detection apparatus of claim?23 is

enpl oyed, the apparatus inplenents the circuitry elenments in parallel to a
pl ane which is %.nerated by magnetic flux generated fromthe shunt resistor
and the DOrevided phet powel devdee adge opoyHaBe ith riespecfete chicogurrgnt

| mproved. défgfiof 4 AAERC GHIK SR (AL £ Chitht RPN it dBb®r e fo

enpl oyed, an en the apparatus conprises a shunt resistor |nserted in a
DC |ink fdesenansstphepamenen geagratedtby aucorahinedecapaditancei ofcainair ghd a

i cr 0- CONREHABNE&SSInY pBtef sfi'xﬁ)g?fts'id’é‘ afidl & Wirirf iRdiceaficd bekwekh (hasdl whi ch
I's provided in a notor drivi apparatus_ in ch outputs from PWM I nverter
are suppl ic88densense bepoBies UM tpooﬁféS\?ethﬂﬁea FHSMUIR [CHTEEIL AV Bidls C@nnect s

si gnal gr%n@etﬁctéd‘eoflthéefiﬁr@ﬁi e &0rCi Thekéfor8d ndéAutemeht tdifor is
m cro-conmputer to one gnother at one side of the shunt resistor. Therefore,

potenti al %?a@}’&ﬁﬁmaﬁﬁam CWTRRINSASWE MG ACCHFAG I WRRIAVES- cur r ent
flowwng in the mcro-conputer ground, and accuracy of phase current

detection is i nfhamthe phase currepthdetection apparatas @ftdlaim dpisamployedt, cl ai m

25 is enploye i .S resi stor

I nserted iaﬁ‘ﬁag’BEﬁFﬁ‘ﬁng*}&ggﬁ @gﬁgﬁgaw o@h&%m{r:ta, I(?10%15& gﬁ‘i‘l&g &P g’@t ?on
circuit, amdrentrofca DCaoimjuand a eectov pattem tetbecappied; unreentotoutpivings an

i nput, an ' I Sth R0 [ UNA E i ' ut puts
from punt ARgarals I BHRHARs Sy ufhB PRV B GRAN oo U 6 46 PL
appar at us drigethesmoter, conrmon node choke coils to ground of the current
detection output and the mcro-conputer. Therefore, transm ssion of common

node si gnahei sppurangntsagplieoithe curreantditdcaly no powehedewiceo-feonpuher
ground is.reduced, .and accuracy of haae f]urr nihdet ect*an |? mErﬁved.

14 Brief [BYPAST SONGRNZRT Wh%o‘ﬁPgﬁPHﬁg’ﬁ §unrough e, CHTERE 9RIGCIOL,eR f38 i ng an
ar rangenerCoflink. moTherefory,| affeeripar af uesoaange adurkdmeris eyuppregsedetd is a
diagramre reIsenti ncma I ithion voltage for a.mptor in two di mensions;
Figure 3 mEalygrerg and Cauplf measpieime Lo entAey SUPRBFRVS ow when V 1 vect or
I's output; Figure 4 is a diagramuseful, in understanding current flowng in

DC |ink; Fi gur eVohemsthe phass ewirent deteetionappasaius i Ldaina deiserapionade of
current fl o fthenntHeCapparatus detects a phase current of a motor based upon a

current of a DC rink and a vector pattern to be applied, in a motor driving
apparatus which supplies outputs from PWM inverter to the motor so as to
drive the motor,

the apparatus provides the low-pass filter to the current detector, wherein a
cut-off frequency of the low-pass filter is set to a frequency which can
sufficiently suppress a component of a ringing frequency within a
measurement error, which component is generated based upon wiring
from a bypass condenser in power supply side to power devices, wiring
from the power devices to the motor, and the motor. Therefore, the
component of the ringing frequency is sufficiently suppressed, and the
current detection accuracy is improved.

When the phase current detection apparatus of claim 5 is employed,
the apparatus employs as the low-pass filter a low-pass filter including
changeover means for changing over cut-off frequencies. Therefore,



Figure 6 is a diagramillustrating an arrangenent of a notor driving
apparatus in which a phase current detection apparatus of an enbodi nent of
the present invention is applied.; Figwe 7 is a diagramwhich is rewitten
Figure 6 conceptually by taking notice of resonance; Figure 8 is a diagram
Il lustrating conceptual circuit arrangenment of a notor driving apparatus in
view of current detection; Figure 9 is a di agramillustrating a measurement
exanpl e of a current f1 owi n through.a DC 1ink: Figure 10 is a diagram

i |1 ustrat .vw@&@awr@mgﬁmm eokike, canr e ilexiblyneaft ad operaiion | i nk

when a | e%ﬂﬂ"bﬂ’éctv’dvhidl‘xgaﬂessﬁn%ttﬁrtﬁosé: bﬂ’élzﬁmll dah Be fBz{i%’éﬁm iIlustrating a

rel ati onshi p between a cable | engt a ringing oscillation interval;

Foure 13 15 a WEST AR #M%Sﬂ@%lbﬁ?%ﬂ?@tgﬁé@@9?41@?85 AL
pL ;;r:(r: %/eﬁ :alntiewhe:ﬁ:c ther qapaﬂratues dstdece&gaaphasbl cumr?gt ohg mmmudbamd upon a

::I | ustrat |C?1‘He%?cograr gjtt: éfﬁg% ‘yﬁélﬁbg&? “f (9:15 asp]pghré(ftlﬁ& h@g‘aa}e“’i%gu s a

di agrami Ialpparatas iwlyich mpplmstoumusffrom PWM cmwmlﬂa)ttha mbboy sps kdier is

enpl oyed; (E{&U{%F&Z)téls a diagramillustrating a current waveformdue to a
slow anpliTtier re 18 |s a diagramillustrating an arrangerrent of an

anplifier ich is restri ban idth b e c t gnce; Figure
16is a di iﬁhramamtpwrpaa athe Ble &R hrctrott detRotorwbictt Alier o dencer
is om ttedesp'ormer Spexdl Ivﬂn@hdemﬂegnddtéaﬁdﬂ fi D @udrepitrdtentpredyiminedn a
case that a. condenSﬁ{ é)rov dt
minimum voltage vector length, wherein a line length from the inverter to
the motor is set by the filter so as to have a frequency which is equal to or
more than a frequency enabling suppression of ringing generated based
upon wiring from the bypass condenser in power supply side to power
devices, wiring from the power devices to the motor, and the motor.
Therefore, the component of the ringing frequency is sufficiently

suppressed, and the current measurement accuracy is improved.

When the phase current detection apparatus of claim 7 is employed,
the apparatus employs as the filter a filter including a low-pass filter which
utilize a through-rate of an amplifier. Therefore, operation and effect
which are similar to those of claim 6 can be realized.

When the phase current detection apparatus of claim 8 is employed,
the apparatus employs as the amplifier an amplifier having a through-rate
which is equal to or less than a value obtained by multiplying a ringing
frequency and a maximum output voltage. Therefore, operation and
effect which are similar to those of claim 7 can be realized.

When the phase current detection apparatus of claim 9 is employed,
the apparatus employs as the amplifier included within the current detector
an amplifier comprising an operational amplifier and is limited its
bandwidth by a feedback capacitance. Therefore, not only overshoot but
also undershoot are greatly reduced, and operation and effect which are
similar to those of one of claims 1 to 8 can be realized.

When the phase current detection apparatus of claim 10 is



Figure 21 is a diagramillustrating an arrangenent of a notor driving
apparatus in which a phase current detection apparatus of another

enbodi ment of the present invention isi@pplied; Figure 22 is a diagram
illustrating an arrangenent of a notor driving apparatus in which a phase
current detection apparatus of a further enbodi nent of the present

i nvention is applied; Figure 23 is a diagramuseful in understanding a
delay tinme of each section; Figure 24 is a diagram useful in understanding
neasur ene§mployadc @nde wthenathe aipparstugudeteets asphasti syriemt w@feumatar
under st angl chi : afd | ' I trating a
0C 1 mk c Py oo HoReA et o £IIC ik plt 3 VEC(B pafict 13 APblicd A B

Fi gure 27 metoireyogwapparatusi which suppligseoviputs fimn RWiMsingeder teithere 28

is a di agrrﬁ@@dr'sbthssttroa&ﬂivgtﬁé‘ﬁ?@%}e” stics of a shunt resistor; Figure 29 is

an electric circurt diagramillustrating a connection situation of a filter
t h | st - Fi 0 j di . il trati h t.eri.sti f
an | nduct S @PeRHAL BTG VHIeR B8, fifef soriiSing 4 1 seRal Fhdhider it o
char alc_t eriint pasallel F*_a) wrmm:_ltdelbem_tbnn“diqr?iln ti%s’ ek omamg ireqmiimt asice t
in ; i b agr J.u cur.ren sur enen
waver or m dished ook dhidtsiicy, & ApRhEEAch: ol pEseEt hbBR wifBiE Gore
33 is a difegnaanbyipass toomdienger i povestt supplyusideemot poweefdevites) deirimg
condi ti on e A3 HUMSHES TR %035 the FORD, FARREHStokS Therefore, affection

of ringing is reduced, and current detection accuracy is improved.

When the phase current detection apparatus of claim 11 is
employed, and when the apparatus detects a phase current of a motor
based upon a current of a DC rink and a vector pattern to be applied, in a
motor driving apparatus which supplies outputs from PWM inverter to the
motor so as to drive the motor,

the apparatus comprises determination means for measuring at least one of
a rising delay time, a falling delay time, and a waveform of a current
corresponding to a command for the inverter and flowing in at least the
DC link, and for determining at least one of a current detection timing, and
a minimum voltage vector length based upon the measurement result.
Therefore, affection of delay and the like due to devices is reduced, and
current detection accuracy is improved.

When the phase current detection apparatus of claim 12 is
employed, the apparatus employs as the determination means a
determination means which measures at least one of a rising delay time, a
falling delay time, and a waveform of a current corresponding to a
command for the inverter and flowing in at least the DC link at starting
and under a condition in which DC currents are flowed in the motor.
Therefore, delay time is measured under a condition that current value
does not vary and that PWM width does not vary, so that current detection
accuracy is improved.

When the phase current detection apparatus of claim 13 is



cancel l ed; Figure 34 is a diagramuseful in understanding a relationship
between a | oop and a generated flux under a condition that noi se canceling
nmeasure, the |oop being between a shuntiresistor and an anplifier; Figure
35 is a diagramuseful in understanding a condition which cancels flux at
shunt resistor side and anplifier side by crossing a | oop between a shunt
resistor and an anplifier; Figure 36 is a diagramillustrating a condition
that an anpllfler is inplemented in parallel to a plane which is formed by
flux; Fi ggmployedsthe appgiadns employs &sithg ROLINJENIND SRPALHAS AcHIOsAr

condi ti on r C ound of
2 cr o oo g AR L 25%%%?%‘2?‘??@?‘.’a?*%%ﬁgg‘?;“nﬁlf’?“ﬂ?? King a
condi ti on Wagt comparksin gneihed, oind exnployst agdhecdetesmanation t mgaas aa gr ound
of a m or Gefaiiihfbnneai¢ Whilh OlrrfesSOi Indiketheht of at lelitdne of% 1S an
electric cjrcuit diagramil]ustrating condi tion comon node choke
coi | is i#niséng edelay %mtﬁet%cﬁaébngudﬁﬂéﬁt tlm,pandaa]dwavgfqmcpfoﬂ gurrent
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referring eac Nyl ng draw ng in a phase curre
det ect i on axop ASR @gwt@%W%n@tsamegﬁn@etaa ¢ dRsConan, 6l fapsvehtheon i n

detail. Fifangie %vaaved'rég?é’éﬁ\}'élgusqf}@réﬂﬁeaﬂei’d}f Qﬁﬁ@ni%nﬁlv@ef sanf@Hsafedlr i vi ng
appar at us esent’s rel ati,ons et ween an

an inverter
out put volwﬂﬂg%g‘x}%m)is gﬂeﬁf‘éi aﬁaé?‘%réﬁ’nt(‘g‘éﬁfétﬂo‘&%?'é%y lénﬂlpéfﬁn"?&hl ng

condition of switching elenents. Table 1 T,,+, TW represent swtchi ng
el ement s of uppé’(hannthmfphathasn‘rem mlmmomnapparptusse)f rcdgimecddvesy. T-

Tv-, TW r at f .0 a phase,
and wphase bcm ve%?bﬁl&t&# EF@ lﬁy? S ;Enlr% eg%é[?rrﬁgnefcigﬁg fﬁ"e arlll\ét hgt a
swi t chi ng det@mmatlon meanppehicir thins dewneheaourent measuirement fer éhent of a

|

el oot oPHRse i@ﬁ%ﬁ@? EE RIS Duf dieitrehfie Ot RaSPOREUY |
armis turiséng layntlmﬁs abfalingodelaydtime,ngndppavavetorm off ascutientienser
2a 15 CO”’&%H/g%ﬂoﬁ&fdr’fﬁi‘a%%h%nﬁﬁf@?‘tfié‘ﬁvéﬁexa e defore n?éz{sgﬁ’é&eﬁt ¥pi ch

recei ves an as an I n hase | nver t 1S connect ed
in paral | élelay tllmer ssparied out hy St(DpBlﬁlgthﬂﬁ@r@B‘reIEadettlpnutpl‘OPeﬂMeam(hr ee

phase |V elikfins diSc IR RIGCRtad i ifRialed: oferd GFRAN o pdene fir aie

connect ed e I"nput se |nverter 3.
current déﬁ’mﬁl@ﬁ}@sl%ﬂl@]@ﬁdct ed between the fi rst condenser 2a and the
second condenser 3a. This current detector 5 has a shunt resistor 5a and a
current output 3d¥aehoth&bphddee ahment rdesection dpparatusisefi tadaimn1& wéri ng

out put - seerigvE S50 ot SifBftolzgs BF i STRORE wheh HE-SEAT™
resi stor Sachssedncompuessor. Therefore, operation and effect which are similar
to those of one of claims 1 to 14 are realized even when an enclosed
compressor is driven.

When the phase current detection apparatus of claim 16 is
employed, the apparatus detects a current flowing in a DC link using a
shunt resistor, in a motor driving apparatus in which outputs from PWM
inverter are supplied to the motor so as to drive the motor,

the apparatus offsets an error due to inductance component accompanying
the shunt resistor using the first filter. Therefore, accuracy of phase
current detection is improved.

When the phase current detection apparatus of claim 17 is
employed, the apparatus employs as the first filter a filter which has a pole



18 and outputs it as a detected current. Therefore, when a voltage vector
is VOor V7, all termnals of the notor 4 are connected to -line or +line
of the power so that voltage for increasing or decreasing current
(hereinafter, referred to as voltage, sinply) is not applied to the notor
4. \Wen a voltage vector is V 1, for exanple, the term nal of w phase of
the notor 4 is connected to +line of the power while the termnals of other
phases of the notor 4 are connected to - |ine of the power so that voltage
i s appliedtia lgwdirr &eguency othanneneuppery limph a€ efrequeney chargeiasistiand

v- phase ar.g.i i ' j : ctr \ : i dt h
nndulatioﬁ?q?gegﬁ%ﬁ%ﬁéﬁ?gggﬁ%%¥ﬁgg(%ﬁﬁgﬁvarﬁggg%Féwggpggﬁyﬁggﬁlgge upon a
ratio of @ wideerange surqalizelngonsaegienslyeacayacy ofiphsisa carrentrdesection

Theref or e g Poeaeh voltage of each phase is nearly the same to one

anot her, a voltage vector for a very short tine period corresponding to a

'\'/ol tage di ffere% ebe vve'('anhghases rler i nat;ter i ta' s r ecrlred ~as
vol tage vector ¥ 268506 ~ Phasg, LUTLEnt, Geleqlion,| FRRAANS | Y, 1AM a 8 &8 ar 1y
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Vol t age T #ihat aotipoahs§iteoter gt clcrarS mATE (GG e Atime e BN ANTD: oF 4.
t hebvol taﬁndheliange rcgpnpeﬂf]medcctompmyiﬂignml ishoat _rmismme{_. Tﬁmaﬂﬁej ﬁladef L\E_eld
to be u-phase. dir.ecti that.a positive vgktage is a e - e while
negati ve anraciebshrs oo il §3pe it ittt ol liBpS abdotdcPoBE T on and
w- phase diphase icanremt eleteftioreis snpsdvedl y. And, magni tude of a voltage is
represented by a length of a vector. In this case, the voltage vectors VO

"- V7 are di sposgleds (Ré egﬁ@ﬁ“ dutréntd defect¥ieNagpatatisCrof dIgGAt 49 Rgt ween
the voltage vectar V 1 and the vqltage vector [

S, Qutput, for exanple, a
vol tage véEdRployed, dheapparatys fusiher gompaises @psrcand filter o hich 6an°‘¢3§ V1,

V3, V7, fQinrReasdr ,oéallﬁﬁaﬁeeéﬁ@mbnﬁwtwé CUeER' fI6RGALn YRE shiume out put
vol tage is determfed o shorten the.llaetpo%g% of thedvec(tior),

o be _sna|
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suf fi ci entopepatioRianides fled0wihich Giré 8emilan tofthbbe ofesicbf Ichaiime 16ail P8 bet ween
outputtin tir'ﬂals%etg)é1 the voltage vectors V1 and V3 is kept to be constant.
A phase cuf &Rl be detected fromthe DC |ink by using characteristics
t hat when the vector a is output, for exanple, the w phase current flows
t hough the DC | iWhepr éher phasearcuttetiw detection appatatuhgof rdapar i26d iBn whi ch
the volta r j @l . .
posi ¢ 1 ve. IEROE! the AppAraflst BtiolopPds S HILEDE skeofRl Bhierd flter which,
whi ch t he cpinprises passive elamentsandis conrgeed dirgotly. torthenshunies ot or
Detectin h - : ¢ higds, b

9 TiEfor @?g@t&r@ﬁ?ﬁ@ffd&%h&h AR th&ho8d of S)?xe[&‘ claglas, by

Tani zawa et _al ., | | erelnafter, refer, to as cited reference) } By
taki ng an HriQdP arareahzed bycide; mamgﬁmeebw@%mﬁmem&% @rg%gpéri od

when neasuyg, mm@ﬁgrm{dgecm ‘ormed, within transient state which
corresponds t0 a state fromvariation in current value to stabilization of

the circuit (ref o.FLg 0 .here j e . shoyqt t he
transient state ‘gi‘ebhcgﬁ% ng%)%sgﬁglz(? a%ege?%gﬁegghirﬁ‘éycﬁfr(_gelgpﬁvﬁ{lhggt
unnecessargmpldyed, aast whenithe. apfiagatu deteetsdi agreant iflawisxg it addCalink
arrangenent.: a Vi 1 I tection
appar at us q%sflﬂér? %%geﬁﬁﬁéﬂég%ow%ﬁ%@?gg pgirﬂ}éagg%?n %@%ﬁl Wﬁhﬁg@gﬁ ied.
Thi s not orPWMvinvgrtapase aupplied tailhe srasor somstotdrévertheomoder,vi ng appar at us
of Fig. 1 in that a third condenser 3b is further provided which is

connect ed thg dpparhtusl caneeldBoiserdife crntgnecic Rax denerdted tfremuthet stram si de
with respect.to thfé ﬁgerﬁ t,.detector .5, —and that 1the, capaci a{:lceﬁ of the
second corf@&ifsQy a8 HRK Hiing othge ngises fangeling” meany, cTRPTSIPE: 4 1 ange
in which popyeraciest phasacerreat déestionyisdniproaedur ge vol tage due to
switching. Operation and effect of the notor driving apparatus having the

When the phase current detection apparatus of claim 22 is
employed, and when the apparatus detects a current flowing in a DC link
using a shunt resistor, in a motor driving apparatus in which outputs from



above arrangenent are as follows. The power input fromthe AC power 1 is
rectified by the rectifier circuit 2, then the rectified output is applied
snoot hing by the first condenser 2a solds to be supplied to the inverter 3,
than the output from 20 the inverter 3 is supplied to the notor 4 al ong
the vol tage vector. The second condenser 3a is provided nearby the power
devices of the inverter 3 for protecting the power devices, and the

i nduct ance_conponent fromthe secaond condenser 3a, to. the power devices is
det er mi ned)‘XMéﬁﬁPﬁebﬁfepwq!ﬂ%to thecmeber sgas £ deivedthgsdBptdy 2a is a
condenser having great capacitance, |length of the wiring between the first
condenser tBe anchittye el¢rnedtsc arelarcteaffsoteids biyongiseFidge t imagnetiadiwm whi ch

25 and 2o ey B ROATHRL shoff retitpe SRELIRDE Jink B) b SBIARGRorASY " "
t he t hi r d ofdhdeismritryelements. uilherefiooedadourac Fiof .phase fairrend sietectien i s

generatedi§§&¥§§9 he i nductance 2b and 2c and conbi ned capaci tance of the
second condense a and the third condenser 3c, the inductance 2b and 2c

bei ng due to wi ] are copnected between the first condenser 2g.and the

Chird condenser WHena e { RHASE, GUTHGIn ekt Tht APRATAHE D1 GIR23r VAl  and a
great magrnipldgetl| the appaiates dmblanentiethecdieduibryélemdms it ppegllélagece of the
second con enserQ:B»ng1 and_t he {5‘2{ rd condenser,3c are deter.m neﬂb%o be nearly

the same (IORE YRIEH 45 gensrated by magngtic Uy ggnerpted, frame tg, shudh: |

however, trbsistapacd tian E¥C dinkt.heThersfoge cavvtieace bf Jrhasé dieteitrdetection be as
smal | as possi bl e thin a range in which the power devices are not

dest royed lﬁglm&’f%? e voltage due to switching, so that nost of the ringing
of current due to resonance can be made not to flow in the current detector
5 thereby currerWhast ébei phase ceirsent ideteetonvappamtis Hefr clatie 24sdmance

current | ' [ b : UL
bet ween t%e I, S'EP’ ggﬁd‘iﬁé@?hggﬁg%@tﬁ%gagﬁﬁ%‘ggﬁﬁgg?l@@}glégr%nbl(;etrfoe? i‘[i)\ihélseg
currents, Rieligkchor detaediangs 8r mador farrend, chirrent cdeigetion cigeyitaandt e
resonance IﬁiUrb_f‘degh&W Réteivinga eetdceivn %&%@ﬁoéu@dtsaéjg&rfﬁgbitiﬁ??rgés ed

upon the capacitance ratio of t he second condenser, “3a_an
condenser 1C§’olfﬁ Providede Ho fa MQLOE (I ERE APPAFAYS iR Which quéputscBiomnser 3a

flows in tpwMUhveRter dfs seppliedto the?h dI6E 3088 tb eI vecRN@aee, current is
distributed to the second condenser 3a and the third condenser 3c.

the apparatus connects signal ground of the current detection circuit and
ground of the micro-computer to one another at one side of the shunt
resistor. Therefore, potential of signal ground is prevented from varying
despite current flowing in the micro-computer ground, and accuracy of
phase current detection is improved.

When the phase current detection apparatus of claim 25 is
employed, and when the apparatus which comprises a shunt resistor
inserted in a DC link for detecting a motor current, current detection
circuit, and a micro-computer receiving a detection current output as an
input, and which is provided in a motor driving apparatus in which outputs
from PWM inverter are supplied to the motor so as to drive the motor,

the apparatus inserts the common mode choke coils to ground of the
current detection output and the micro-computer. Therefore,
transmission of common mode signal is prevénted, noise current flowing
in the micro-computer ground is reduced, and accuracy of phase current
detection is improved.



When the inductance 2b and 2c due to wiring between the first condenser 2a
and the third condenser 3b, notor phase currents, the second condenser 3a
and the third condenser 3c are determ ih€d, an error due to the resonance
current flowng in the current detector 5 can easily be cal cul at ed.

However, it is difficult to design accurately the inductance 2b and 2c due
to wiring between the first condenser 2a and the third condenser 3b. Due to
t he above situation, neasurenent error can be elimnated by actually
measuring an error due to resonance current when the current is maxi num
current (when the current step is maxi num step under the situation that the
power deviBmef Besctiptiondfdhi Drzavdingg det ermi ni ng the capacitance rati o of

t he second condenser 3a and the third condenser 3b so as to determne the
error due to thFigesonansea cdiapedrn ilusteatdspadn tarMigdment tofaq histor
determ ne(a m.ni_mum vagyge of det.ec%&d current. As described above, due to
the af f ectGrbANEAPPILARIS USHRE ABABERSEY 3a, the resonance current based upon
the inductance due to the wiring, the second condenser 3a and the third
condenser 3b fl diguren2tine diagramx representing Bpphicaidon voltagerfarea matoerr or .
On the ot her, . ugh the second condenser 3a prevents the power

devi ces f?gm@ﬁge@ééﬁgoyed by the peak voltage follow ng the sw tching,
the third condenser 3Q is de to bear, the function of the cond, condenser
3a 50 a5 to det EnERie 1fea AIAGAM el i pdersendimecouTeRt Lo WhEh be 0 by
connect i ngv1 vectdriisdutpogenser 3b, the current detector 5 and the power
devices with extrenely short wiring to one anot her, because the voltage
difference betwggguicig Rehfigerfil BRI Andei@afl# Bhrht TRWIng jh S
extrenely small. nsequently? the resonance current” is prevente rom

fl ow ng i PEHEksurrent detector 5 so that affection due to the resonance
current is suppressed to about 0. Fig. 8 is a diagramillustrating a
fconcept ual circWigusr Saigamdidgrai allostratinglrieul ngeagurameny bsexmhple Ef Sﬁ'end
romecurre teection ance conponent is superior between the third
condenser cgl%reqﬁgo\&mg %mm devi ces whil e capacitance conponent is
superior between,.the power deyvices d the notor 4. Regardless the notor 4
conpri ses wi ndi %@gwt df andiagsamy 14usizating a0 IEMEIHRRE Ofc ApMOPANCce

conponent driviadPapp@fatlly ihakiisht feplidsedichfreht edutedtiyn C ant dfnafho

consi derat i oa .Thm%% 4 al so, has .str.ay cgip citance to the stator. Due to

this situfmedim PIeSCREMYERILN 8APPYCHpon t hose i nductance and t he

capaci tance. The_frequency of this resonance is faster than the_resonance

phenomenon generligate Byistddiagraur wdrick igewniitere Figuret @ cancepgablat bgen t he

first CO”QQH@&’n&Ec@B?ré%ﬁah'&Srd condenser 3b and the conbi ned capacitance
con a and’

of the secon enser the third condenser 3b. Therefore, the
current flow ng\ri.n thg .cur(i.ent de ec{ OQ 5 beconﬁia[IOSCi I.{ at i ng curgeit for a
while fromthe VdPPHgR W& lagrmlhw,ra 08 CONCPPHIA CATAY! pHTaRBEMmCd! OAn
actual neasmotordtiviey appartusdeview oftirtemdetdation;he wiring length is
determ ned to be two neters is illustrated in Fig. 10. In this observed

waveform the rgﬁggﬁé@ii £ qilugﬁﬁﬁhngQ%%smﬁ%mt E‘ﬁarﬂ?lé ¥f hength

of two neters i served. Thi requency I's faster by about 10 tines than
t he reson&%’@%f@h‘@%ﬂﬁ%h& é!ny t he i nductance 2b and 2c due to

W ring between the first condenser 2a and the third condenser 3b and the
conbi ned capaci tRiguee d iha dmgramt diwsteating a3measurdrhent bxamplerafeaser 3b.

appar at us, TS TV AR DRER BEn '3 RoBl BF ol ZRighers?" ' ' "0

Rel ati onshi ps between the wfing framthe power, devices to the notqr 4 and
t he resonance Cﬁ%ggge d&elst%({I agRilbugiadng a ﬁ‘?)llanSpsﬁ'rPebﬁBY‘?ﬁn 4 CYB&erved

from t hosgengiehnd Ainging oddiNatioRtie@rval;Fig. 11. It is understood that the
oscillation cycle is increased by a constant value by the addition of the

not or 4, and that; 4.1 L apyi iSt1h HC i | ¢ f.0) | ng t he
increase in_w r?t}l1 hFinIg?ﬁ‘S( éag}%}f‘%gyﬁf&a?hg F?lgaélﬁné?liﬁ%lﬁg %fn gir Sﬂ[l(%‘od t hat
the cycl e yhaage fdtert hree times is realized for the cable length of from
two meters to 16 neters, and that the filter formed in the current detector
5 is needed to IRigard ridqiseacyiagnamadiwstiating sespunski cliarhotetisticsrefjarncy
when the cutoff frequency is determned to be a | ow frequency for the cable
| ength of 16 neters, by 23



taking the required vector length for the current detection becom ng | onger
into consideration. As is understood fromthe foregoing, current

measur enent accuracy is greatly inprovésdl by providing a filter in the notor
driving apparatus applied the nmeasure of the above enbodinent, the filter
sufficiently suppressing ringing frequency conponent within the range of
measur enment error which ringing frequency conponent is generated based upon
the wiring fromthe third condenser 3b to the power devices and the wring
fromthe maty Ederio the notor 4 and the notor 4. It is preferable
that a filter having a changeover neans for changing over the cutoff
frequency is emﬁﬁumdléslstmdlefgrhtrenllustratmg fidquencyostwiratieristias ofl @xi bl e

copi ng w th~the ¢ e.dnwring length and the like is realized by

changi ng PHIRAL ﬁency characteri st| cs. Then, this filter is further
descri bed. Descrlp_r trogrs made by t aki the RC primary %Iter ircuit
illustrated in 'lgl.lrel Sats Andiagrap dl “$ atlggrﬁrqwmg\r@w@ QUECWNER| dn. The

step respgfles iSphRederi stics of this RC primary filter are characteristics
illustrated in Fig. 13, while the frequency characteristics of the RC
primary filter ter t j fl e t hat
the current is gu@qga{z;st Et(i]ﬁé | na’lllfutsrﬂﬂllrirlg E%I{rﬁberfvgfgyéfbr\%ﬁ é%gg% ni mum
vect or | erthata skowanmplifier iscemplapedsf CR is deternined using the
relationship of 1 - Es - { 1 - exp( - tmn/CR) } (wherein tmn represents a

time of detecti ightenilgjs brdimpgtdie Hlustwalge accunenEwaleforn dhe topged of

response at the detection timng. ~ The cutoff frequency fO of the filter
i s cal cul 2t%¥Y ¥MBHERe val ue. The ringing anbunt Es/Vr to be suppressed is
cal culated fromthe anplitude Vr of the ringing at tmn and t he al | owabl e

error Es due to Higere I8gsrydiagram ilhestrating Ag arrangesneyt of ansamplifiefed from
the ringi %h%'ﬁ%%st’%fc’téfdll hfa’n%lfvﬂ"d?h Pﬁﬂ?df&% fethﬁ’éh .accuracy can be

i mproved by termnlngt e Wring romt inverter 3 to the notor

4 so as to make her yonanc be equal to 0 reater than the
ringing frequen@;}g'f“re B % ag{’z}rﬂﬁp%}é@il&g %Mé@éf?fﬂ' 13 288t hat no
filteringthat @aondensertis omited;| ustrated in Fig. 15, while the actual

measur enent waveformin a case that slower anplifier (25 V/us) is enployed,
is illustrated ifgltedd201fs a RERGFAThWlustratingSa ckitré@itdwhVefdrim iifi aRdge st ood
that ringi Hg can éffectr vely. (E‘& suppressed by enpl oyi ng the sl ower

anpl i fi er .thiha GPREENSEIIPIOVINCG i ng can effectively be suppressed by using
the filter which utilizes the through-rate of the anplifier. \Wen the
square wave wi t fFighee f2leqsendliagraandillspitatingdanVamangememp| of iaetdtprt he

anplifier rQu e t mes the
anpl i tude (% g%lﬁlga?a{-lg &1 ﬁ)?uél?;at lgas:éné{ﬁém( ﬁé&égobr@ﬁfg{dge@gﬁ%@ﬁ&%

so-cal | ed ecmb@drrncmte@ﬁrﬁwcprmmmrweapemlsm@pdw t conmponent of greater
frequency is greatly reduced while conponent of smaller frequency passes

through. Fig. 1&iparenZliecd rdmgrarncﬂlusudutﬂ@r am 'atﬂangemitn@f an naotoangenent

Cecti on staBEApRseiR: ok bicpiiadt ol PRl HaBayabis §F fARY" 1 1O

condenser dihhodﬂnemmmhesp@seht 1rr.veﬂt|pnllse@pﬂmdt he non-inversion input

term nal of the operational anplifier 5bl, the inversion input term nal of
the operational g ké h3q aftnagmrﬁdse ei%tlﬁgdé@tahﬂ?ng%rcﬁ& Yirfe ffefghst of
5b2, and an oqut pu S|gna ut put r the output™term

operat i oneﬁeCHﬁ’pBr fier 5bl. The resistor 5b3 and the condenser 5b4 are
connected in parallel to one another between the non-inversion input
termnal and thdiigutep@d isea iiagdanofusefid mpenderstardingnmieasuremeit of aThe

act ual ormin a case that the condenser 5b4 is omtted, is
illustrat @%ﬁi@év%ﬁ&m le the actual neasurement waveformin a case that
the condenser 5h4 is provided,, is illustrated in Fi 20., When Fi 19 and
20 are conpared lgu%eiirlét%edlagmml us e‘r”st“(%‘&rﬁ Hggl%lde&ﬂt}fnb\fgséhoot
but al so widesmhoot are greatly reduced by providing the condenser 5b4, and
that speeding up is realized despite the restriction in bandw dth. 25
Fig. 21 is a di I t

apparatus to whi RO HOLS3 Uilardth ARAHIGORDC iRk etk of £EWE M

enbodi ment according to the present invention is applied.



This nmotor driving apparatus is different fromthe notor driving apparatus
of Fig. 6 inthat a LC serial resonance circuit 5c is connected to the
shunt resistor 5a in parallel. The resmance frequency of this LC serial
resonance circuit 5c is matched to the ringing frequency generated by the
wiring fromthe third condenser 3b to the power devices, wiring fromthe
power devices to the notor 4, and the notor 4. Wen this arrangenent is
enpl oyed, the current due to ringing is bypassed by the LC serial resonance
circuit sthesyiangle wave eampagisondnethadsn accuracy is inproved. Fig. 22 is a
diagramillustrating an arrangenment of a notor driving apparatus to which a
phase current dFigaei Zhisgpegaivadent ciacditdidgraneobadhmotesistory di ng to the
present invention is applied. This notor driving apparatus is different
from the notor hWen@Rappag a Fi Tt I rn t from
the current .det fef(’i:gﬁcl)ﬂre %Si ggs%pg@é‘ tc}llgStCrJ%tlﬂhg, EPﬁ%acEégﬁtfdéutogu{a ?Flgirqnpt he CPU
7 is suppF¢®B¥fo a driver circuit 7a, and the driver output fromthe driver
circuit 7a is supplied to the inverter 3 (power devices). Wen this
arrangenent is Engirey2d,ist i electrientirdeitediagrarm sbupteatinglal gonied ctnims

current f | i 1 [ .supplies to the CPU 7. The CPU 7 sanpl es
t he currehﬁﬁgﬁgg\pzr%ﬂgtﬁmhtsggg‘?ggsf‘%g’ timng, and detects a phase current
based upon the grocez@ng di.scl osed in the cited reference., Then, the CPU 7
carries out thelpEYEedithg $13-T8HHt SH@F‘V%@@G@W%@% e GLaNEE ng,
current ceaﬁcgiﬁg fidteand the |ike, and specifies an output voltage vector
for the driver circuit 7a. The driver circuit 7a drives switching el enents
of the power deyi c j . 7.¢S he
inverter 3 supprliég%vgﬁt g%?s%%%&r%ﬂﬁ%‘%wgﬂﬁ%%%%lg&rﬁef gi %Q@EPEef erence
utilizes detectiomn cirerat incladpngan inductance sppeeking diltarhe DC 1i nk dependi ng
upon the switching condition of the 26 power devices, and detects the

phase currents. FT%II% B2 ois dii didpraappihatusinget ectariche piasaremenent
simlarly. V\h%nt detected 1.n the notor driving

e phase curren S
2ppar at us YK Ao gn Criditiof hah Batesi €6 iidudinsR T Srdliedh for a thin
pul se becones the problemas is illustrated in the cited reference. \Wen
the extrenmely tFighteul 32 is audiagrapy oillusgeating:t &r cneiegt h measyxement| v
short), PRRARTSHATuARER a®2oh8ftidr thaUnhBBedSar) ONTINAiSE d’&rﬁgbnéﬂﬁ! fig mum
vol tage vector,_length) or the |ike, because the current nmeasurenent is
i npossi bl sapeelledr eal i zed. But, when the nini mum vol tage vector length
beconmes | onger, a disadvantages arises in that voltage vectors whi ch cannot
be output, are FigureasSddisoa tdiagrarheusefiul age unclerstandingvay eélationship

def or ned. r it 4 I el . | engt h
s det or nohegeeh djBopdind £ PRERRET A fRlel BoMi A MM AR EaCaIHY o0

ri ngi ng omedsare, the lbop hehrg thietween lasshung resistori dneldan amplfiéror egoi ng, but

it is necessary that the detection timng is matched to the current by
taking the del agj 89 ideviigganndséfng ihi kRldrifaRdeen sl d@iditionnwhich
performn agél‘lér e current detect & Rel aﬁl.gf eagh section is Hl | ustrated
'n Fig. 298046l B tGeuny t5SIStE Sigajand aRBlidier A8 bY REOSHRG d 198 cui
7a, and t hetwetay shunt Resipreindigy aaplifier; added, and the sum becones the
entire delay. Although only the delay inrise is illustrated in Fig. 23,

the delay in faF‘i%l'u% 5?%'@gia§5§ﬁﬁﬂh?§u%in Q&dﬂ%ﬂéﬁ&ﬁaﬁﬁﬁ'zﬁﬁ@ﬁfiﬁi fgui t,

t hese del ay are severa undreds ns respectively, and the tot elay is
500 ns toimplemgnteshin paradlel te a;pane whichds farmed dsplngi ng upon
tenperature, dispersion, and the like. Therefore, the change in delay tine

cannozI bedi gnor@di%nmemﬁdhse d‘agtamptigustrwﬁngeasc®ﬂnmnt&hml'l tlcénu?ction ]
consi dered. .t akicng .t his into,consideration. ..qne.or .nlural re i.pnshi ps
of "t I eacPnftio E My ennh arcliny BFR°CRESY afRctiBR SRwiERa gt o}
current flaomicry-comploeerC | i nk corresponding to the command of the CPU 7
are neasured, then the current detection timng or m nimum vol tage vector

i's Figure 38 is an electric circuit diagram illustrating a condition that
a signal ground of a current detection circuit and a ground of a
micro-computer at one side of a shunt resistor;



27 determ ned based upon the neasurenent result, thereby the detection
timng can be matched to the current. Description is nade further with
reference to Fig. 24. Fig. 24 is a diagramuseful in understanding the
measur enent nethod of current waveform It is assumed that the power device
output is output after each delay fromthe output comrand tim ng. Because
the current waveformis a repetition waveform at every PWVM although the
times each fromthe output start to the output stop are different fromone
another, it is thgugh39tisan elecirioencort dagramillusiapéng o cepditioni thet y

out put at ,e I . . ] IHOM'S
current déit %@@%&‘ﬁ%ﬁ’_‘%% }Sgésco;{%r%]%%?tfwQfettéaggﬁée@géu@gomg? lil\ngilaé\ﬂ/ef orm
bei ng out ground eha mictoucpmpuéeart timng. Sinmilarly in the fall, it is

al so measured what waveform bei ng output fromthe output stop timng.

Ther ef or e BesttMode fos €atefiag Quthe Fndentidal ay time, ringing waveformin
rise, and the like are obtalned by this operation. It is sufficient that

t
the total rise tydmin: i alot] : r i till
the cirouit bei LiBfiqIe LEREHARIOTAE docBninyinBUrawingy e ieRplAiTE 1
current déhase coirend dejectioreapparatus of emhodimeats acgorging 69 the Pt hat t he

total risg %iﬁ'ﬁoﬁ”iﬁ'ﬂ%éi,.”ﬁ till the circuit being stabilized - the total
fall tima?t e total %al time is atinme fromthe output stop timng till

05 6 et B R TN ARG LR YT,

de: 33e/sti ;rmpp@tatiusursmg latnhmvleowg.r m@a lvmltpmmm eclanonohps l:‘eiwqmi.mginrr?me
of the cutREt drfttake, Vestor T nyeRler, UG8t Mo e AReCSHtiibey
because t lvonditaenof sevitchingmdementsed usi ng the current detector 5 of the
apparatus of Fig. 22. It is preferable that the neasurenent of each del ay

time for thypleqrmand of the CPU 7 is carried out under a condition that a
DC current 28 is flowed to the notor 4 at the starting. In this case, the

current vaj e flocsy ot ahange eoishinbecRALINCHY RR Ahs SHERSBRase

t her ef or e, "atcut at’e” measurenent can Torne fhe neasurenent nmust be
carri ed ow-phase,hand tverphiase, raspeativelyt | oli ngTPC dur r saprestneswitedingng i s
difficult. ' S e Iﬂlﬂst s ' . [ is
enpl oyed fecl)éﬁ‘lgm \?\’gv@ﬁrm{lgféﬁﬁfg?i on,.eh%p{’%%e?%cg &nggggé’e?féegz’te B@%’Eﬁgl ay
time and tlnelablrd, QNriepsesesithg aonditien dhahaswiwhing elapentzoban uppsrcur r ent
measur ene j Lyl o4t r OEmg sl ope
and the far%rf‘f %t@gg?wgéggb?ﬁ\%ﬁ@g %&éﬁé‘%taefg lge‘%' agr a?}ng itﬁiﬂegt ngtl,ji?ng t he
DC | i nk cUPFEntepresamnie a eppdifian fRafea savieting plemanif, aipREraf sl e of

an out put el ROFY SR W switbhiniCe b Pra WWé AAReLIHEA ORLhod, two
vol tage vectors I n synchronl smto one anot her are out put within one carrier

so that two curren ef or j o one&;.ano rved.
Ther et orer i ¢ 1 i s GENR Mool QAR Roalihed, LBE Clfleafbr AF 3 on
whi | e t he cutnmectéds batweeerf ontpiel teyminats ofemsectefiencirciiie? sthichtikeeiyease
current negs ' rri t Wi re fat:he i
alvays so ThACoRRVeh a8k ifipft A el MAETRAS 3 S odtledled A
parallel with respect to the first condenser 2a. Output of the three phase
inverter 3 is supplied to a motor 4. A second condenser 3a is connected
in parallel to the input side of the three phase inverter 3. A current
detector 5 is connected between the first condenser 2a and the second

condenser 3a.

This current detector 5 has a shunt resistor 5a and a current output
section 5b. The shunt resistor 5a is inserted in a wiring between the first
condenser 2a and the second condenser 3a. The current output section S5b
receives the voltage between terminals of the shunt resistor 5a as an input,



When the sawt oot h conparison nmethod is enpl oyed for PWM waveform
generation, it is inpossible that the phase current detection and the del ay
time measurenent are carried out withi®8one carrier, because synchroni sm as
above does not exist. But, in this case, current detection accuracy is

i nproved by properly stopping the phase current detection and carrying out
the delay ti rre nmeasur enment . An encl osed conpressor can be driven by the

not or 4 whi i s drjven 8 of the above notor driving apparatus. An
encl osed @8 ‘EEEB?“@% %‘S EHIGRE by the position sensor-less (nethod
for detecting a rotational position of a rotor without a position sensor).
In recent year s Thereforeefhent i woltagetveedohisoV( be Vehalk tembindisrehtlse i s

corrent, aftrE 3%%35&%%%8&?“ 7 Uneor? 200 o e et SHAhREvERabb 30t oy o
a rotor usnemgaphegservadecagasing poarrent utheeeinafteandeferoédnentasc ordtamet s has
been devel Hﬁﬁi’w i%”n&ﬂ“&éﬁﬁ&‘i‘ 1 R vk 4hai7v§8n:a{ &gﬁggmt%&h&t ¥, 18 TgEor 1s

di sposed W coolant and'r atn oil are
encl osed, etthpiﬁothae téreniniak lof ov rphase ofsthenmater érl@aammetcluedr to Hding nft he
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phase currtent—hat:eof ithe powey aosthatt vokiagetisr appligd av a direaticngrfam

il lustrati ﬁgr gf'ggw gﬁﬁfé‘{:uﬁbﬁf:g{lj i) ke taﬁ ?HHEe b iﬁ@@gam’%e rd‘ﬁ%cﬁtoﬁnce

conponent rasitic in ance re connec In seriles.

Provi di ngremt‘(ﬁmﬁl}éht flowng in the shunt resistor to be I's, and the
frequency to be cu, the parasitic inductance generates the el ectronot i ve
force of jwLsl sWheﬁlmWNteelesemdth eno@mlatfﬁh)as@mplroybdp igrdabér for

par i cul at JOMER Redearanand seh ghop qabeg cuutier tortbRthuilhe a.

cur rent i svoltagei eectout withilBadeadiiewyr dbherefaret, rwheﬁerracihumoltage éff each s when

1 ustr at ﬁla@ﬁ*&ﬁ%ﬁﬁ%ﬁng (ol BBBHR Y B YSof thl'tery "t s
about 40 Khme @nmodhaaorwngonﬂmnlg 14 anofroémged (hffefermwelmtmnecp}&mem or
greater t?ﬂ@r&ﬂ&%&f eﬂ”f‘sngé!ger resf’rrscur‘;"qﬂlgg gE V\ﬁ’t‘ i shofe® 'tWﬁeﬂeéﬁgned in

us sual , noi'se 1s decrease Ctllsg to or greater
't han t he owépetsaltageus dew adpmémulmﬂry ot voliage arepmrsxes cuﬁpmersoi tto be

measur ed, tﬁé'r\;o?&?gd@é&% VU, Ve)’néiccﬁfpfl@?%stjtl%ﬁ)ér?o Wins calfier §her e 2

dlsadvantage arr$es ' in a’ hi requency ¢ rren econes a noi'se so
t hat accurvaxltagcuveroémVrﬂeéé’bappb}nngm agetathe mefondt in the shunt
resistor having such zero. This affection is denied so that current

detection l s calfij eQ re@@ﬁw at @d)llagé\dipp&wddt()’ thy ot dll Meavblthger to
t he curre det ec cancela;nrgael ectronoti ve to the

parasitic eﬁ%a@aﬁ%%ent in tgw auawnﬁgm ANElyr aih $35CuSk rls lpﬁ@%ﬁbg

circuit aru-phaﬁmﬁhteaiorﬁrthat(ampmu#@ Wltdgd tier appligd oo dlephase twkileut put
of the shunt r.esis

A cond and esi st or R ncel.i ng
ol ect r omotlicea Ry GugRs 416 AHIBITL e Sl ST BRSE-Lo VapBrwelERRind 1o
satisfy thmd wh-phasendirection afe Befined simslarly. And, magnitude of a voltage
is represented by a length of a vector.

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

When the output voltage is determined to be small (to shorten the
length of the vector), the outputting time of the voltage vectors VO, V7.



Transfer function froma voltage generated at the shunt resistor to the
out put VO becones 1/(jwCcRc + 1). Wien the transform function where Cc =
0.1 e-6 F, and Rc = 40 Ois representeggwith a Bode diagram the diagram
becomes a diagramwhich is illustrated in Fig. 30 so that it is understood
that a pole exists at about 40 kHz. The transfer function fromthe current
Is to the output Vo at that condition becones VO = (Rs + j~Ls) Is / (1 +
jwCc (Rs + Rc), -~2LsCc), and characteristics becone flat characteristics up
to nore t e, lids prEficigat fer maintainingethe direptgon of thavestenthad soratio

char act er iyaty j | [ 110 t: ection
Qe To noraYEeh BBt oo o o g e O S e
is, flat €PBB@dteristics for nore than 100 MHz i s obtained by deternining
the pole at a frequency (for exanple, 40 kHz) which is |ower than the band
(for exanple, 1Avhaseequireatl daor Heheletestednfrotet thet i@ dinkc biyt usiie shift

i gh 1 r eqQOABPCEriSRes, IR R RER 48 SRS B s 1ol By Aaan gy B, SFRREY ofFcs
can be shapeent dlewsdbhough thadp€ higk Hasfendoazars himgivt isHiigt 3) Rurirgkdhel e, it

cnnance. t REAdsar shleRanE, FlidIeGar sy Pk buolh ol SUREH BRe i 5, 17

bec](c)mesb]c qn@sgt\feanggaMEe shith trespectete ﬂmasmlmm@mr:tgd?rlﬁgeet‘hefpmmd mt is
era - ‘
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current cdyteoting ThieesPhdsecOuppuhChictent of 38 Wik fnvertemat ks DCnfided, cur rent
and the i il [ t & f ith

ot enel y SR Eaba gt L T O 17 QR Ror, WRDRS as BRETHEEIBRCN L0\ crent
waveformin actyal uyse when parasitic jndyctance Ls i.s canceled, is
"Tlustrated in Byiakiag aipAr@akCasen detection ang considsration tiete fan
unnecessarpergciwh@i imdanaenwitntanotc bocpeddrmed, iwithat ntedmientnsfatg. 33.
As is understood from FldgaEOBZ antd ex rerrehé gaod current r ement

33 as
i s possi bI"GH LYFSIRR spectBte ofrofd | YaraHgn™ AR IEenty @lUR oI zer o
3;1 . aﬁoyt seatsitightibg st ﬁiﬁzmﬁm t(ﬁefeemerlﬁged\)/ﬁuqﬂe@eﬁdire, thededs @nnﬁed:mponent
ich is parasitjc to the shunt resistor. en a pul se current having
Cormonent SBPAER, tea ranstEne Stiigaad, SBoRt & podible 2ok IS FREBLIE R GHREREY oo
Wien it i syithout ushe@skhny pelsaresieiction. el enent such as anplifier or the
| i ke, accurate anplification cannot be carried out or very expensive

circuit arrangegftfg.t 6" d fdﬁ?ﬁfh?étréta ahf fAh8MeAt bPA ARIGF dEVIRE | N

t hrough rate and dynapjc range of an l'ifrer.” So, the waveformis

0,
pr evi ous| \ADPasEg 1nnwBidha hase jquregntdrteetion apparaupad arbemhodimest or m

sui tabl e fREofEAFUHOSNR Pres@itdnvBafioh e appHREd waveformis input to the
active el enent such as anplifier, so that current nmeasurenent becones

ible with : : | 0BY: i ble t j . i
v ded at o | s upBS BiRinl ApBRrads S IRTRO BN e BiBtof dhtvingT ' ©
anpl i fi er apipacatusofdéged minrthdt a thirdyomdensendlés farther prayided whichds thi s

ari ses praqh) I i Q ! t he
flter 1o PRCRGFh pafyfetih B8 Fast E6A&neet A Pl BRCACE BEMAR  0C
current waespentntosthe arrenhaletectonis, and shatather capagjtange: of theseeondo t he
filter ca L . i i i by t

resi stor. v %lleg‘glé’le??}g‘{srg?tgm&g?gg%ﬂg @?Tnaigl'rl]eaf[sfgo que %Iéelﬁgn%f?%ﬁ dqground
the shunt whishstprwehdewioes eie mopwdestroyate Bhumt SUIES| é&Og?agev\»déw R s fl ux
passes thcgg,gll@c hghin a loop which is fornmed with the both ends of the shunt
resistor and a crrcuit such as an anplifier or the like, electronotive
force is generated. This el.ectronotiye force hbecones to be noi t hat
measur ement  er r §PP$LAUQL, and; gtfectrR r‘i‘FoP’é%tO’E ﬁﬁ%"lﬂgi @Bp?r??‘?se&’&é@ig 3@3 32
desi gni ng dbvvel apangemenehiec @sfalbewsbl e in usual case, there exist a limt

i n reduci ng noi se based upon restriction in the size of the shunt resistor,
restriction in PP poWfer! @uf FRAAAHRIACNBOWER! 1 id Sotifiif bylthel fekificBut .

noi se reduction 1s realized by _providing a nol,sg cancel | ng secfll og f or
denyi ng t Hr@nbctr shent i the rerteficdRuipyt fisyAPPligd ag@ootIRE” By ithe yQrstat es
one exanpl&ridepisepRa ddeas tothe sappRedesant invefePhan tthatoudtpat frsms
formed by the wiring are crossed so that flux in the shunt resistor side
and flux in the anplifier side are canceled. Therefore, the el ectronotive
force due to flux Iinkage is canceled so that current detection accuracy is
i nproved.



Fig. 36 is a diagramillustrating inplenentation arrangenent which is not

af fected by noise due to flux. Here, the arrangenent not to be affected by
flux is realized by disposing the circggt in parallel with respect to a

pl ane fornmed with flux due to the current. When the wiring illustrated in
Fig. 37 (wring generally perfornmed fromthe past) is realized, error is
generated in neasurenent current by the noise current and parasitic

resi stance on the wiring. Noise generated in the input of the current

det ect i on the irverterchis eppliet te theynasendialong theveltage sectetncel | ng section,
and by enpl oying the inplenentation arrangenent not to receive noise or
evadi ng noi se. Eliltesadonclscmdems%atis aprovided nearlsedie poawrndeviced bé ground
of the m'i{lo corrﬁtr ? s red ceid ;’tlﬁgrefore t he signa ound of the
current adPEcHIvERter; AcdPt B9 LROWSE g, . s, inductapce
connect ed compore rﬁncﬁtdmr the @aft&)rﬂwbmfdember shainto rthei poaver devices is
illustrat ﬁl[%t ﬁ lﬁ:onsecg ﬁﬂt it is prevented fromoccurrence that
the curr eSS gasinfl gHt®of the micro- conmput er changes the
potential of the signal nd and making it as noi so that current
measur ement Wit e&%‘é?aﬁiﬁ fgrstbeonéamseze a érSOPa‘owahéUrﬁﬁnngﬁ%&e choke

coil is prcqpaéﬁslnc@qehgth lofURkr wis ibetiedn t%% fitdecGiRIEIREr Tadfditpeal s
prevente nsf eéé:ﬂs noi se current flowng in the ground of the

d
m cr o- conﬁ{)’crarcq CHSEI @RE-t hat noise is prevented from generation. The
invention of claim1 has characteristic effect such that current 33
det ection accur &dg. 73s andiagtesd volyichris\eerewmtien idiggragm of Kigr 6 dnyt takimg t o

resonance foiRa bF QUcR. {IBGLERBOHSHACH Ol e WK O loGhal T 2

has chara | CCEPlE neasure err grea reased
and curr efietwean the first condansec 2aiand ﬁmrtrhmblcondmlscnﬁbntr on of cI aim 3 has

characteristic effect such that affection of resonance current is

suppressed to nEIalié Yinderstoad ofrout IF(i‘git7n[¢1@t5lté§cﬁfﬁfﬁceafscﬁéﬂémmc5betmé@ﬂed The
|nvent|onﬁﬁf cl m4h cha ter| t|c§ t suc Ent of

(0]
the ringi ‘r‘e?ﬂ sEPaRiafrs tg‘&‘r égrgﬂ'ﬂ error,
and the cwandehs@heﬁeczmdomeadnrd gondeasermnPe,othedindlicearioev2btandn2ofbethgi m 5

has char ac stlc effect suc at va in w | engt h, and t.he |i ke
can bo f| e bweR e Bnidenter 28Ut ARS phid . 115
The i nventdotmdenﬁechbJ aﬁm@ tllitha ﬁgtcarnesﬂt lhravﬁig adonguatervaband Iaegmaltrponent
of the rin iglgléfre ency. i cle ¥| su pr sset and t e curfeﬂ

neasur enerff@ Eﬁl% OWV§ 'rnrrf)l?%\?el&renfh CeRPLn er | SRR aﬁ’§§ Of the

clhar act eL isgtond ed dredensehi 3xh a:cnsi sherithad tondidsmerlcﬁc drei drﬁt@rmﬁ:cim :tovbeti onhof
claim8 S C ISkl cC t i i i m that of claim?7. The
i nventi on%%???{cmﬁ%rﬁtagﬁﬁ@fcﬂ‘%’@ﬁ@&%ﬁ@ @f@c@ glé%tth?ﬁat not only overshoot
but al so undershoot, are greatly reduced, has effect his simlar to
that of one of dPafl§ € meffe HOWENE, ﬂ“‘of‘?‘ma&itﬁp% Ab<thenPeeRe: | ot i ¢

ef f ect SU%nH@ﬁEelaBﬁel%tdétErlﬁinéd @@'B@Qas Ssn'izﬁ@“a% ssibie GHthigY réeseghl on
accur acy |shicggrove i pvention of claim 1%1)8has characterisiic effect

such that % ﬂil%rpqyrerd yjcesnare MOt | 4esirqyed DY acttgesVoLagedliteed® and
current defFEechias, 36 ahataYodtSof tHY AXgEhg of current due to resonance can be

made not to flow in the current detector 5 thereby current detection
accuracy is improved.

Further, the resonance current is determined based upon the
inductance 2b and 2c¢ due to wiring between the first condenser 2a and the
third condenser 3b, motor phase currents, the second condenser 3a and the
third condenser 3c, and the resonance current flowing in the current
detector 5 is determined based upon the capacitance ratio of the second
condenser 3a and the third condenser 3c (only the resonance current
flowing in the second condenser 3a flows in the current detector 5,



34 The invention of claim 12 has characteristic effect such that delay tine
I s measured under a condition that current val ue does not vary and that PWM
wi dt h does not vary, so that current degfection accuracy is inproved. The

i nvention of claim 13 has characteristic effect such that delay tine is

al ways nmeasured while current is detected, and current detection accuracy
I's inproved. The invention of claim 14 has characteristic effect such that
measurement of delay time is carried out by stopping phase current

det ect i on becapss Ithe resonanger enrreteieclistoibuded Upaihy secandocondensesvdm when a

system no bR; .5.enpl oyed. The invention of claim15 has
y hnﬁ%ﬁbgg*ﬁy&ﬁ]c{n%ﬁf 3cemp! oy
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The 1 nventy I'm . o
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current demeleri the isituationovhat tiibepoweendevicest ard dumeB G, edridcby whi ch
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3a, the resonance current based upon the inductance due to the wiring, the
second condenser 3a and the third condenser 3b flows in the current
detector 5 so as to generate the error. On the other hand, although the
second condenser 3a prevents the power devices from being destroyed by
the peak voltage following the switching, the third condenser 3b is made
to bear the function of the second condenser 3a so as to determine the
capacitance of the second condenser 3a to be 0 by connecting the third
condenser 3b, the current detector 5 and the power devices with extremely
short wiring to one another, because the voltage difference between the
before and behind of the current detector 5 is extremely small.

Consequently, the resonance current is prevented from flowing in
the current detector 5 so that affection due to the resonance current is
suppressed to about 0.

Fig. 8 is a diagram illustrating a conceptual circuit arrangement of
a motor driving apparatus which is seen from current detection.

Inductance component is superior between the third condenser 3b



36 What Is Clained Is; 1. A phase current detection apparatus is an

appar atus which detects a phase current of a notor (4) based upon a current
of a DCrink and a vector pattern to bgzapplied, and which is provided in a
not or driving apparatus which supplies outputs fromPW inverter (3) to the
notor (4) so as to drive the notor (4), the apparatus is characterized in
that a capacitance of a bypass condenser (3a) which is provided at a power
device (3) S|de position with respect to a current detector (5) on the DC
link, is sad the pawer deyiegsswilileecapaditance cempenent whsepemeor betweenievi ces

(3) are degd "Rwed H&v&e%”z{rﬁf tHO'hags 4ue Reggam}%sﬁ"t'gé%b'f&‘ 42c%1ﬁgPi@é§e

current detection a para us Is an appara u etects a e current
of a not owingling sedhat tae: motetird bas goeatainducitange, gapaeitares canmneatn to be
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detector (he - sezond lebﬁaens‘etr Bﬁnan@e&ﬁcm@@ CORFRCHSIDS TheddRRealtie whi ch
detects a phase current of a notor upon a current of DC rink

and a vectdrrenidiewimng an the &ﬂﬁlqnéaie %mar %ﬁbmmgs geeiiating PHETANG AT

driving an@ménfuﬁnwhemlﬁlge%c@ér eufput! &s {s PMsAld vPig.&. (3) to the notor
(4) so as to drive the notor (4), the apparatus is characterized in that a

current iIs S”pp'Ax?da&hﬁP%Eé{?ﬁl%nPegﬂeR»f]ave:fgﬁﬂeﬁh‘&gf 4 3o dﬁc{l%patﬁ%tg?ﬁén t he

condenser (2a) power a current
DC |i nk. ermg)le;@hcmdﬂmrmldedémhed:wcamemnssllustrawdampﬁrgatldos whi ch
detects a phase current of a notor (4) based upon a current of a DC rink

and a vector patIhethns bbsél@edpwhveﬁarnﬁ,mﬂle%s@ham& lﬁfsquedeyl dfhalsouto200
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current detremt irothempetor ~drisingsaspdratuy Wﬂnclm is lapiptied, thmnrerasurd bé thew pass
filter |nclb%q1% ﬁﬂg&ﬁﬁgﬂer means for changi ng over

Relationships between the wiring from the power devices to the
motor 4 and the resonance cycles due to the existence or not of the motor
4, observed from those waveforms, are illustrated in Fig. 11.

It is understood that the oscillation cycle is increased by a constant
value by the addition of the motor 4, and that the oscillation cycle is
increased linearly following the increase in wiring length (cable length).
In Fig. 11, it is understood that the cycle change of three times is realized
for the cable length of from two meters to 16 meters, and that the filter
formed in the current detector 5 is needed to have frequency
characteristics matching to the frequency when the cutoff frequency is
determined to be a low frequency for the cable length of 16 meters, by



cut-of f frequencies. 6. A phase current detection apparatus is an apparatus
whi ch detects a phase current of a notor (4) based upon a current of a DC
rink and a vector pattern to be applieg3 and which is provided in a notor
driving apparatus which supplies outputs fromPW inverter (3) to the notor
(4) so as to drive the notor (4), the apparatus is characterized in that a
filter is provided to a current detector (5) which filter has a response
speed whi ch enabl es detection of a current at a_predeterm ned m ni num

vol t age véekigg thergamniredhecsonleagth for thengirent detectionihocomiag loggero t he
mot or (4) ihfo e&isiQ¥rdiiyn. filter so as to have a frequency which is equal to
or nore ~ than a frequency enabling suppression of ringing generated based
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and is Iiml‘[ie(glts bangwi th by a eegbac& capaci Pance (r£4). 10. A phase

t detecti . t f.clai 0 i t whi ch det ect
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conpri si nds aeallfzedebﬁ/ehangﬁ@emetmi freguéndyscipaacietigdiosn parallel to a
current detector (5), wherein its resonance frequency is matched to a

frequency of ri "IQie’?ﬂtH‘ﬁif‘mexi ﬁ?ﬁ%’r"l‘fte%grigéé.ed upon wiring froma bypass
eto

condenser (2a) in power supply si power devices (3), wiring fromthe
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14. A phase current detection apparatus as set forth in claim11l, wherein
the determ nation neans thins down the current neasurenent for the phase
current detection, and carries out nmeagsarenent of at |east one of a rising
delay tinme, a falling delay tinme, and a waveform of a current correspondi ng
to a coommand for the inverter (3). 15. A phase current detection apparatus
as set forth in claim 14, wherein the notor (4) drives an encl osed
conpressor. 16. A phase current detection apparatus of claim 16 is an

appar at us whi chThet aetugl aneasurement | Wavekprih 18 Dease rihat gion gilteringig

resistor, caafedhbel i 1[1'i1§tfh in ﬁ%rmtfpr v@tme“ﬂte %Eﬁﬁflah‘t’éashi'eff{@hﬁh

outputsfromP\/\Mlnverter are suppli éd notor, (4) so as to drive
the notor Wame Otrneuap@)a%seughats quvawa@trephleeﬂ (.245 tWé\ltS) ale pployedi é¢ i s

provi ded ﬁHﬁst?zitEﬁGlhtFlgglé.” error due to inductance conponent acconpanying
t he shunt resistor phase current detection apparatus as set forth in

cl aim 16, Wnere flrs f|| h ole at a uency. than an
upper limt of éﬂé‘?& rgfsléa IEel(ﬁuPPg S]t%qdl\ﬁftgﬂrrp&{pgd IECtion
circuit. e8fectivehpde suppmstseaﬂdi}eempinymg)ahatslewas aiﬁphfmrt hlm rotheri m 16
40 or cl ai.r i f % a ncy
sane to thn(}r%%f ;@hgng%g}ﬁédrﬁéeﬂ% ll)elhtfgltppk&ssggt §§ 'g%gg ﬁlg i][l%ﬁcé%gaﬁponent
acconpany iutidizek ¢he thrvughersite tofithe Atnplifiphase current detecti on apparatus as
set forth in one of clains 16 to 18, further conprising a second filter

mi chhcatncel S U{W‘Béﬁ;ﬁ@"sﬁu@&cwlabétWQH tﬁ@gmttetﬂb qtartdt@mfp'tmtﬁ@@wth{a\t? ngt Ih n
e snun I es,|l r,. . sSe.curren ect,J on a us e or in
om0 aplifen by g0 aaBlRr daving the PEpugnais o Vs (E/S e s 'and
is contnecta l‘iﬂu"d%cbé()br?és ttl\‘,iﬁ aﬁiri:plﬁtudeetsﬂtﬁém a%hstyﬂfq@hasal wrmgnt[l)gdl@é eﬁtl on
appara us a alrat u | C ectlsS urren 0 N a | N

using a shh‘h‘t Pe@&gqrﬁ?s 'j'r?d Sxﬂh?%lﬂ:‘f sc"ﬁf‘)gf\éll fgwqqpya %ﬁﬂogg%gqc\t” ty habar at us
in which g Iferftr@fngE’UWbeY veticy( B gaetly ypdhicadl while onpd@ént( 6F so as
to drive the LFTgthF)%‘I‘éﬁ the ara us I's characterized in that noise

cancel i ng Hﬁﬂ ncel s noi se due to magnetic flux
generated fromthe shunt reS|stor and the DC |ink. 22. A phase current
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i nserted ioutpuD@niimal fofr theeOperatiomad amphifier 5b1. The resistor 5b3 and
the condenser 5b4 are connected in parallel to one another between the
non-inversion input terminal and the output terminal of the operational
amplifier 5bl.

The actual measurement waveform in a case that the condenser
5b4 is omitted, is illustrated in Fig. 19 while the actual measurement
waveform in a case that the condenser 5b4 is provided, is illustrated in Fig.
20. When Figs. 19 and 20 are compared to one another, it is understood
that not only overshoot but also undershoot are greatly reduced by
providing the condenser 5b4, and that speeding up is realized despite the
restriction in bandwidth.



41 current, current detection circuit, and a m cro-conmputer receiving a
detection current output as an input, and which is provided in a notor
driving apparatus in which outputs frozs PAWM inverter (3) are supplied to
the notor (4) so as to drive the notor (4), the apparatus is characterized
in that signal ground of the current detection circuit and ground of the

m cr o- conput er are connected to one another at one side of the shunt
resistor. 25. A _phase current detection apparatus is an apparatus whi ch
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the notor (4) so as to drive the notor (4), the apparatus is characterized
in that common hhie mhtﬂredldmiri@ apparatus as tcﬁffermtgfronndhe)fmbtm' drivirent
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When this arrangement is employed, the current detector 5

sequentially detects current flowing in the DC link and supplies to the
CPU 7.

The CPU 7 samples the current at every current detection timing,
and detects a phase current based upon the processing disclosed in the
cited reference. Then, the CPU 7 carries out the processing for motor
driving such as speed controlling, current controlling and the like, and
specifies an output voltage vector for the driver circuit 7a. The driver
circuit 7a drives switching elements of the power devices according to the
command of the CPU 7 so that the inverter 3 supplies voltages (currents)
to the motor 4. The cited reference utilizes the fact that the phase current
appears on the DC link depending upon the switching condition of the
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power devices, and detects the phase currents. This motor driving

apparatus detects the phase current similarly.

When the phase current is detected in the motor driving apparatus
having the above arrangement, the current detection for a thin pulse
becomes the problem as is illustrated in the cited reference.

When the extremely thin pulse is outpht (voltage vector length is
extremely short), processing such as restricting the minimum pulse width
(minimum voltage vector length) or the like, because the current
measurement is impossible to be realized. But, when the minimum
voltage vector length becomes longer, a disadvantages arises in that
voltage vectors which cannot be output, are increased so that the voltage
(current) waveform is deformed. Therefore, it is necessary that the
minimum voltage vector length is determined to be as short as possible.

Elimination of the affection of ringing or the like for the thin pulse
is described in the foregoing, but it is necessary that the detection timing is
matched to the current by taking the delay due to devices and the like into
consideration for performing accurate current detection.

Delay of each section is illustrated in Fig. 23.

The port delay of the CPU 7, the delay of the driver circuit 7a, and
the delay of the power device are added, and the sum becomes the entire
delay. Although only the delay in rise is illustrated in Fig. 23, the delay
in fall is similarly generated.

In a usually employed circuit, these delay are several hundreds ns,
respectively, and the total delay is 500 ns to 1 us which varies to about
twice value depending upon temperature, dispersion, and the like.
Therefore, the change in delay time cannot be ignored when pulse
restriction of less than about 1 ps is considered.

By taking this into consideration, one or plural relationships of at
least rise delay time or fall delay time or current waveform of current
flowing in the DC link corresponding to the command of the CPU 7 are
measured, then the current detection timing or minimum voltage vector is
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determined based upon the measutement result, thereby the detection

timing can be matched to the current.

Description is made further with reference to Fig. 24.

Fig. 24 is a diagram useful in understanding the measurement
method of current waveform. It is assumed that the power device output
is output after each delay from the output command timing.

Because the current waveform is a repetition waveform at every
PWM, although the times each from the output start to the output stop are
different from one another, it is thought that waveform of similar shape is
repetitively output at every PWM interval.

When the current is detected at various current detection delay
times for every PWM, it is measured what waveform being output from
the output start timing. Similarly in the fall, it is also measured what
waveform being output from the output stop timing.

Therefore, entire rise delay time, fall delay time, ringing waveform
in rise, and the like are obtained by this operation.

It is sufficient that the total rise time + the convergence time of
ringing waveform (time till the circuit being stébilized) is determined to be
the lower limit of the current detection delay time, as is illustrated in Fig.
25(a), and that the total rise time + the time till the circuit being stabilized
— the total fall time (the total fall time is a time from the output stop
timing till the fall starting) is determined to be the lower limit of the
minimum vector length, then the phase current is securely measured
despite the delay time. Of course, the lower limit values are employed as
the minimum values, respectively.

It is assumed that the delay such as acquisition time of the current
detector 5 is detected as being included in each delay, because the
measurement is performed using the current detector 5 of the apparatus of
Fig. 22.

It is preferable that the measurement of each delay time for the
command of the CPU 7 is carried out under a condition that a DC current
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does not change, and the PWM width does not change, therefore, accurate
measurement can be performed. The measurement must be carried out at
the starting, because flowing DC current after starting is difficult.

It is also preferable that the triangle comparison method is
employed for PWM waveform generation, and that the measurement of
delay time and the like corresponding to the command of the CPU 7 and
the current measurement for phase current detection are carried out at the
rising slope and the falling slope, respectively.

Fig. 26 1 s a diagram illustrating the DC link current in the
triangle wave comparison method.

Vn is an example of an output voltage vector. In the triangle
wave comparison method, two voltage vectors in synchronism to one
another are output within one carrier so that two current waveforms in
synchronism to one another are observed. Therefore, it is preferable that
one is used for phase current detection while the other is used for delay
time measurement. Thereby, the phase current measurement is carried
out with measurement of the delay time always so that current detection
accuracy is improved.

When the sawtooth comparison method is employed for PWM
waveform generation, it is impossible that the phase current detection and
the delay time measurement are carried out within one carrier, because
synchronism as above does not exist. But, in this case, current detection
accuracy is improved by properly stopping the phase current detection and
carrying out the delay time measurement.

An enclosed compressor can be driven by the motor 4 which is
driven by each of the above motor driving apparatus.

An enclosed compressor is usually' driven by the position
sensor-less (method for detecting a rotational position of a rotor without a
position sensor). In recent years, it is effective that each of the above
embodiments is applied which accurately detects the phase voltage from
the DC link current, because the technique for detecting a rotational
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position of a rotor using phase voltages, phase currents, and equipment

constants has been developed.

An enclosed compressor has an arrangement that a motor is
disposed within a space in which coolant and refrigerating machine oil are
enclosed, therefore the dielectric constant is greater than that in the air.
Consequently, it is particularly effective that the embodiments of Figs. 8 —
26 are applied.

Next, an embodiment is described which carries out phase current
detection using a shunt resistor.

Fig. 27 is a diagram illustrating an equivalent circuit of the shunt
resistor. A resistance component Rs and a parasitic inductance Ls are
connected in series.

Providing the current flowing in the shunt resistor to be Is, and the
frequency to be w, the parasitic inductance generates the electromotive
force of joLsls causing measurement error. This error becomes greater
for higher frequency component, so that it becomes the great problem
particularly when measurement of high frequency current such as pulse
current is carried out.

A Bode diagram of a transfer function from Is when Rs = (0.0025 O
and Ls = 10 e™° to detected voltage (Rs + joLs) Is is illustrated in Fig. 28.
It is understood from Fig. 28 that zero exists at about 40 kHz, and that
amplitude is increased at frequencies equal to or greater than the frequency.
When a current detection circuit is designed in usual, noise is decreased by
restricting band which is equal to or greater than the necessary current
detection band. When a pulse current is' to be measured, current
detection band of about 1 MHz is required.' Therefore, a disadvantage
arises in that a high frequency current becomes a noise so that accurate
current measurement cannot be carried out in the shunt resistor having
such zero.

This affection is denied so that current detection is carried out
accurately and rapidly by providing a filter to the current detector, the
filter canceling electromotive force due to the parasitic inductance Ls.
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Fig. 29 is a diagram illustrating this circuit arrangement of an

example. An RC filter is provided at the output of the shunt resistor.

A condenser Cc and a resistor Rc for canceling electromotive force
due to the parasitic inductance Ls are determined to satisfy the relationship
of CcRc = Ls/Rs. |

Transfer function from a voltage generated at the shunt resistor to
the output VO becomes 1/(joCcRc + 1).

When the transform function where Cc = 0.1 ¢ ° F,and Rc =400
is represented with a Bode diagram, the diagram becomes a diagram

which is illustrated in Fig. 30 so that it is understood that a pole exists at
about 40 kHz.

The transfer function from the current Is to the output Vo at that
condition becomes VO = (Rs + joLs) Is / (1 + joCc (Rs + Rc) —®*LsCc),
and characteristics become flat characteristics up to more than 100 MHz,
as is illustrated in Fig. 31 and also become characteristics attenuating in
high frequency region, so that no affection due to noise exist and that
phase current can be measured accurately.

That is, flat characteristics for more than 100 MHz is obtained by
determining the pole at a frequency (for example, 40 kHz) which is lower
than the band (for example, 1 MHz) required for the current detection
circuit.

The shift between the pole and the zero appears as the gain
difference between the high frequency and the low frequency so that the
frequency characteristics can be shaped to a desired shape by having a
slight shift.

For example, it can be determined to be high frequency gain > low
frequency gain so as to enhance the rise of the pulse, by determining pole
> zero. When the shift becomes too great, the shift causes measurement
error. Therefore, it is preferable that adjustment is determined to be
approximate adjustment within the range not to cause measurement error.

In the shunt resistor, current component flows which prohibits

10%



1000 1109008 ()-!!d! 109008 ()-!'d ! 10%00& ()-!1109%& ()-!![  10%CHhO& ()-

[ 10%00% ()- kI fl/nZmmezX6H4

10! |1 1094008 ()-!!x! 10%008 ()-!0! 109%& (31!!s! 10%400& ()-!!n! 10%400& ()-!!i

1 109008 () - ! mmmmmFnYnnxY7 10!V  10%00& ()-ff10%0& ()- F

210908 ()-310%0& ()- ,10%0& ()- 1000 1000 1000no”o0o0: ppQWU3XY7 | V#

10%008' ()-!Q 10%00% ()-!° @10%00% ()-1 ! " @ 10%008& ()-1 ![ @ 10%00& ()-1 V@

10%008' () -1 QrorXrrrr}r?2xY7 'V 6 10%08 (B-l
measurement of ringing current and the like. By filtering this component

further, measurement with extremely small error and with high accuracy
can be performed. Measurement waveform in actual use when parasitic
inductance Ls is canceled, is illustrated in Fig. 32, while measurement
waveform in actual use when unnecessary oscillation component is
canceled, is illustrated in Fig. 33. As is understood from Figs. 32 and 33,
extremely good current measurement is possible by applying two species
of filtering.

As described above, zero of about several tens kHz may be
generated due to the inductance component which is parasitic to the shunt
resistor. When a pulse current having component of several MHz is
measured, a great peak voltage is generated. When it is input directly to
an active element such as amplifier or the like, accurate amplification
cannot be carried out or very expensive circuit arrangement must be used
by the affection of the restriction in through rate and dynamic range of an
amplifier.

So, the waveform is previously passed through the filter so as to be
shaped to the waveform suitable for measurement, and then the shaped
waveform is input to the active element such as amplifier, so that current
measurement becomes possible without the above problems.

It may be possible that a filter is provided at a later stage with
respect to an active element such as an amplifier which is determined its
dynamic range to be a great range, this arises problem when the current
detector is to be integrated because the filter is difficult to be integrated.
Said filter observes extremely good current waveform so that the circuit at
a later stage with respect to the filter can be integrated by disposing the
filter nearby to the shunt resistor.

As is illustrated in Fig. 34, magnetic' f?ux is generated around the
shunt resistor when current flows in the shunt resistor. When this flux
passes though within a loop which is formed with the both ends of the
shunt resistor and a circuit such as an amplifier or the like, electromotive
force is generated. This electromotive force becomes to be noise so that
measurement error is generated. Therefore, this noise is reduced by
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designing the loop as small as possible in usual case, there exist a limit in

reducing noise based upon restriction in the size of the shunt resistor,
restriction in position for disposing the amplifier, and the like. But, noise
reduction is realized by providing a noise canceling section for denying
the electromotive force due to flux linkage.

Fig. 35 illustrates one example thereof. Here, the arrangement is
employed that the loops formed by the wiring are crossed so that flux in
the shunt resistor side and flux in the amplifier side are canceled.
Therefore, the electromotive force due to flux linkage is canceled so that
current detection accuracy is improved.

Fig. 36 is a diagram illustrating implementation arrangement
which is not affected by noise due to flux. Here, the arrangement not to
be affected by flux is realized by disposing the circuit in parallel with
respect to a plane formed with flux due to the current.

When the wiring illustrated in Fig. 37 (wiring generally performed
from the past) is realized, error is generated in measurement current by the
noise current and parasitic resistance on the wiring. Noise generated in
the input of the current detection circuit can be reduced by providing said
noise canceling section, and by employing the implementation
arrangement not to receive noise or evading noise. But, it is not easy that
noise current flowing in the ground of the micro-computer is reduced.
Therefore, the signal ground of the current detection circuit and the ground
of the micro-computer are connected to one another at one end of the
shunt resistor, as is illustrated in Fig. 38. Consequently, it is prevented
from occurrence that the current flowing in the ground of the
micro-computer changes the potential of the signal ground and making it
as noise, so that current measurement with accuracy can be realized.

By providing a common mode choke coil is provided, as is
illustrated in Fig. 39, the common mode signal is prevented from
transferring, noise current flowing in the ground of the micro-computer is
reduced, so that noise is prevented from generation.

The invention of claim 1 has characteristic effect such that current
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The invention of claim 2 has characteristic effect such that
measurement error is greatly decreased and current measurement accuracy
is improved.

The invention of claim 3 has characteristic effect such that
affection of resonance current is suppressed to nearly zero and current
measurement accuracy is improved.

The invention of claim 4 has characteristic effect such that the
component of the ringing frequency is sufficiently suppressed within
measurement error, and the current detection accuracy is improved.

The invention of claim 5 has characteristic effect such that varying
in wiring length and the like can be flexibly dealt, and has effect which is
similar to that of claim 4.

The invention of claim 6 has characteristic effect such that the
component of the ringing frequency is sufficiently suppressed, and the
current measurement accuracy is improved.

The invention of claim 7 has characteristic effect which is similar
to that of claim 6.

The invention of claim 8 has characteristic effect which is similar
to that of claim 7.

The invention of claim 9 has characteristic effect such that not only
overshoot but also undershoot are greatly reduced, and has effect which is
similar to that of one of claims 1 to 8.

The invention of claim 10 has characteristic effect such that
affection of ringing is reduced, and current detection accuracy is
improved.

The invention of claim 11 has characteristic effect such that
affection of delay and the like due to devices is reduced, and current
detection accuracy is improved.
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The invention of claim 12 has characteristic effect such that delay
time is measured under a condition that current value does not vary and
that PWM width does not vary, so that current detection accuracy is

improved.

The invention of claim 13 has characteristic effect such that delay
time is always measured while current is detected, and current detection
accuracy is improved.

The invention of claim 14 has characteristic effect such that
measurement of delay time is carried out by stopping phase current
detection properly, and current detection accuracy is improved, even when
a system not having symmetry is employed.

The invention of claim 15 has characteristic effect which is similar
to that of one of claims 1 to 14 even when an enclosed compressor is
driven.

The invention of claim 16 has characteristic effect such that
accuracy of phase current detection is improved.

The invention of claim 17 has characteristic effect such that a flat
characteristic for a wide range is realized so that accuracy of phase current
detection is improved.

The invention of claim 18 has characteristic effect such that a flat
characteristic for a wide range is realized so that accuracy of phase current
detection is improved.

The invention of claim 19 has characteristic effect such that
affection of unnecessary oscillation is removed, and has effect which is
similar to that of one of claims 16 to 18.

The invention of claim 20 has effect which is similar to that of one
of claims 16 to 19 by the arrangement which hardly generates error due to
asymmetry and is cheap.

The invention of claim 21 has characteristic effect such that
accuracy of phase current detection is improved.



1000 1000 1000 [5 10%00& ()-z! "1 10%00& ()-.WwUG91 10 10bb

10bb! s& 10%b& ()-1!! & 10%b& ()-1!d& 10%b& ()-1![ & 10%b& ()-1!d

& 109%b& ()-1qt| M-1!1" 10%b& ()-1109%&3%)-!'VI 10%b& ()-!V 10%b& ()-f!Q
109%b& () - 910%¢& ()- 10bbt DA} oP1 10%& ()- 910%& ()- 10bb 10bb 10bb! V-
10%b& ()-!d 10%Db& ()-!" 10%bé& ()-A-12z5zX60P1! [ % 10%b& ()- ! V%

109%b& ()- F #109%& ()- !'Q 10%b& ()-z!L3 10%b& ()-! 'y 10%b& () - AX7uV4! V

1096008/ - F fS109%0% - 1090 - 91Q9%% - 10bb, 10bb 10bb! " 34
109%bbé& 8 - 77w ﬁtsuvm(/%%ﬁlq@w%ﬁegm! é%%@%halﬁcrenstm tsuchohet ()-F

accuracy of phase current detection is improved.

The invention of claim 23 has effect which is similar to that of
claim 22.

The invention of claim 24 has characteristic effect such that
potential of signal ground is prevented from varying despite current
flowing in the micro-computer ground, and accuracy of phase current
detection is improved.

The invention of claim 25 has characteristic effect such that
transmission of common mode signal is prevented, noise current flowing
in the micro-computer ground is reduced, and accuracy of phase current
detection is improved.
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1. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a current of a DC rink
and a vector pattern to be applied, and which is provided in a motor
driving apparatus which supplies outputs from PWM inverter (3) to the
motor (4) so as to drive the motor (4),

the apparatus is characterized in that a capacitance of a bypass condenser
(3a) which is provided at a power device (3) side position with respect to a
current detector (5) on the DC link, is set as small as possible within a
range in which no power devices (3) are destroyed by a surge voltage due
to the switching.

2. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a current of a DC rink
and a vector pattern to be applied, and which is provided in a motor
driving apparatus which supplies outputs from PWM inverter (3) to the
motor (4) so as to drive the motor (4),

the apparatus is characterized in that a capacitance of a bypass condenser
(3a) which is provided at a power device (3) side position with respect to a
current detector (5) on the DC link, is set so that a current on the current
detector (5) due to resonance phenomenon generated by a combined
capacitance of a pair of condensers (2a)(3b) in power supply side and a
wiring inductance between those condensers (2a)(3b), becomes equal to or
less than a minimum current which can be detected by the current detector

(5).

3. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a current of a DC rink
and a vector pattern to be applied, and which is provided in a motor
driving apparatus which supplies outputs from PWM inverter (3) to the
motor (4) so as to drive the motor (4),

the apparatus is characterized in that a current is supplied directly to power
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4. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a current of a DC rink
and a vector pattern to be applied, and which is provided in a motor
driving apparatus which supplies outputs from PWM inverter (3) to the
motor (4) so as to drive the motor (4),

the apparatus is characterized in that a low-pass filter is provided to a
current detector (5), wherein a cut-off frequency of the low-pass filter is
set to a frequency which can sufficiently suppress a component of a
ringing frequency within a measurement error, which component is
generated based upon wiring from a bypass condenser (2a) in power
supply side to power devices (3), wiring from the power devices (3) to the
motor (4), and the motor (4).

5. A phase current detection apparatus as set forth in claim 4,
wherein the low-pass filter includes changeover means for changing over
cut-off frequencies.

6. A phase current detection apparatus is an apparatus which
detects a phase current of a motor (4) based upon a current of a DC rink
and a vector pattern to be applied, and which is provided in a motor
driving apparatus which supplies outputs from PWM inverter (3) to the
motor (4) so as to drive the motor (4),

the apparatus is characterized in that a filter is provided to a current
detector (5) which filter has a response speed which enables detection of a
current at a predetermined minimum voltage vector length, wherein a line
length from the inverter (3) to the motor (4) is set by the filter so as to
have a frequency which is equal to or more than a frequency enabling
suppression of ringing generated based upon wiring from a bypass
condenser (2a) in power supply side to power devices (3), wiring from the
power devices (3) to the motor (4), and the motor (4).

7. A phase current detection apparatus as set forth in claim 6,
wherein the filter includes a low-pass filter which utilizes a through-rate of
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an amplifier (5bl).

8. A phase current detection apparatus as set forth in claim 7,
wherein the amplifier (Sb1) has a through-rate which is equal to or less
than a value obtained by multiplying a ringing frequency and a maximum
output voltage.

9. A phase current detection apparatus as set forth in one of
claims 1 to 8, wherein the amplifier (5bl) included within the current
detector (5) comprises an operational amplifier (5b1) and is limited its
bandwidth by a feedback capacitance (5b4).

10. A phase current detection apparatus of claim 10 is an
apparatus which detects a phase current of a motor (4) based upon a
current of a DC rink and a vector pattern to be applied, and which is
provided in a motor driving apparatus which supplies outputs from PWM
inverter (3) to the motor (4) so as to drive the motor (4),

the apparatus is characterized in that a filter comprising a LC serial
resonance circuit is provided in parallel to a current detector (5), wherein
its resonance frequency is matched to a frequency of ringing which is
generated based upon wiring from a bypass condenser (2a) in power
supply side to power devices (3), wiring from the power devices (3) to the
motor (4), and the motor (4).

11. A phase current detection apparatus of claim 11 is an
apparatus which detects a phase current of a motor (4) based upon a
current of a DC rink and a vector pattern to be applied, and which is
provided in a motor driving apparatus which supplies outputs from PWM
inverter (3) to the motor (4) so as to drive the motor (4),

the apparatus is characterized in that the apparatus comprises
determination means for measuring at least one of a rising delay time, a
falling delay time, and a waveform of a cutrent corresponding to a
command for the inverter (3) and flowing in at least the DC link, and for
determining at least one of a current detection timing, and a minimum
voltage vector length based upon the measurement result.
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time, a falling delay time, and a waveform of a current corresponding to a
command for the inverter (3) and flowing in at least the DC link at starting
and under a condition in which DC currents are flowed in the motor (4).

13. A phase current detection apparatus as set forth in claim 11,
wherein the motor driving apparatus carries out PWM wave generation
using triangle wave comparison method, and wherein the determination
means carries out measurement of at least one of a rising delay time, a
falling delay time, and a waveform of a current corresponding to a
command for the inverter (3) and measurement of current for phase
current detection, at a rising slope and descending slope of the triangle
wave, respectively.

14. A phase current detection apparatus as set forth in claim 11,
wherein the determination means thins down the current measurement for
the phase current detection, and carries out measurement of at least one of
a rising delay time, a falling delay time, and a waveform of a current
corresponding to a command for the inverter (3).

15. A phase current detection apparatus as set forth in claim 14,
wherein the motor (4) drives an enclosed compressor.

16. A phase current detection apparatus of claim 16 is an
apparatus which detects a current flowing in a DC link using a shunt
resistor, and which is provided in a motor driving apparatus in which
outputs from PWM inverter (3) are supplied to the motor (4) so as to drive
the motor (4),

the apparatus is characterized in that a first filter is provided for offsetting
an error due to inductance component accompanying the shunt resistor.

17. A phase current detection apparatus as set forth in claim 16,
wherein the first filter has a pole at a lower frequency than an upper limit
of frequency characteristics required for a current detection circuit.

18. A phase current detection apparatus as set forth in claim 16
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19. A phase current detection apparatus as set forth in one of
claims 16 to 18, further comprising a second filter which cancels
unnecessary oscillation component of the current flowing in the shunt
resistor.

20. A phase current detection apparatus as set forth in claim 19,
wherein the first or second filter comprises passive elements and is
connected directly to the shunt resistor.

21. A phase current detection apparatus is an apparatus which
detects a current flowing in a DC link using a shunt resistor, and which is
provided in a motor driving apparatus in which outputs from PWM
inverter (3) are supplied to the motor (4) so as to drive the motor (4),

the apparatus is characterized in that noise canceling means is provided
which cancels noise due to magnetic flux generated from the shunt resistor
and the DC link.

22. A phase current detection apparatus of claim 22 is an
apparatus which detects a current flowing in a DC link using a shunt
resistor, and which is provided in a motor driving apparatus in which
outputs from PWM inverter (3) are supplied to the motor (4) so as to drive
the motor (4),

the apparatus is characterized in that circuitry elements are implemented
so that the circuitry elements are not affected by noise due to magnetic
flux generated from the shunt resistor and the DC link.

23. A phase current detection apparatus as set forth in claim 22,
wherein the circuitry elements are implemented in parallel to a plane
which is generated by magnetic flux generated from the shunt resistor and
the DC link.

24. A phase current detection apparatus is an apparatus which
comprises a shunt resistor inserted in a DC link for detecting a motor
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current, current detection circuit, and a micro-computer receiving a
detection current output as an input, and which is provided in a motor
driving apparatus in which outputs from PWM inverter (3) are supplied to
the motor (4) so as to drive the motor (4),

the apparatus is characterized in that signal ground of the current detection
circuit and ground of the micro-computer are connected to one another at
one side of the shunt resistor.

25. A phase current detection apparatus is an apparatus which
comprises a shunt resistor inserted in a DC link for detecting a motor
current, current detection circuit, and a micro-computer receiving a
detection current output as an input, and which is provided in a motor
driving apparatus in which outputs from PWM inverter (3) are supplied to
the motor (4) so as to drive the motor (4),

the apparatus is characterized in that common mode choke coils are
inserted to ground of the current detection output and the micro-computer.



