;1" #%e3ed@: :;, >Lx>J@@ @ SPECI FI CATION | Phase Current Detection
Appar atus Technical Field The present invention relates to a phase current
detection apparatus for detecting a phdse current of a notor based upon a
current of a DC (Direct Current) link and a vector patter ped,
whi ch apparatus is provided in a notor driving apparatus mﬁmﬂmmmﬂmg
outputs froma PWM (Pul se Wdth Mdulation) inverter to a nmotqQr_so as to

drive the notor. Background Art Fromthe past, an apparatus f or 38t or ni ng

an out put ' asurabl e output is proposed as an appdl&fius for
detecti ngs?i%(ﬁﬁgg‘%ﬁ}é@g? of a notor, in a notor driving r f Or
driving the notor using an inverter. Wen the above arrana@@'@ﬂmwn@mmmm

enpl oyed, Pliase@umenigostestioneAppatatehat error in current ue to
ringi ng, waveform deformati on due to extension of pul se output "tihe,

scal i ng i TedhnidahFieknge, generati on of abnormal sound and the |iKke.
Because no anal ytic nethods were proposed at all for ringing especially,

di sadvant ages afyi ] : j [N AN oTo] [ j £ 3-C. aaad that
rapi d response ?g%ﬁ%?%@ 1?1372}1}15)@3@%%@% ﬁgthaﬁ‘ggg{t}rgggﬁgcglgguérﬁaﬁ%a@gnnot be
i npr oved. foF detanding @ phgseneunensioder eaotonhasedpuper acanrient ofl @Gy in a
DC i nk cam; s 1S i St ki at

decr easi nSDil%%gf é?ﬁlzﬂl%l?h%??e%@%a%ﬁa&i%?gbﬁgd_s\ﬁggés%?mm&%cur acy.
And, a di Pravidedage amety drvingtapparawst wheeh cupphies apwiputh To@ani zed
ot her t hapyg N o 18¢! WedthP REGHSIGHBh) dnPedkr YO'!d dsof U ab ol ByEt@EeCe of a
shunt resistor. Therefore, detecting a phase current using a shunt resistor
was not nmidet%racticable. Disclosure of the Invention 2 The present

I nvention was made in view of the above problens. It is an object of the
present i MBaokgrownd Aprovi de a phase current detection apparatus for
suppressing ringing and for realizing taking a current rapidly and with

hi gh accuracy. Fyroirs tlepultgranohppaiatd féth@eforafiaptan dughit pRistdnpy @vi de a
phase current d tectlfn agﬁpar_at us%j or detectin aJBha(ie current 1vvlth hi gh
accuracy RFa5yTablEn SHIPYLS RIGPOSed A5.88 ARP3Tatys JBr «dtecting i aPhAsEs of
claim 1 i suarendppfanametonhinch wetec dsivingpparstusr foit ddvimg nie anoteased upon
a current of a DC rink and a vector pattern to be applied, and which is
provi ded i g A ABY LS ng apparatus which supplies outputs from PW
inverter to the rTBtor SO gs to drive the notor thedgpparatus is .
characterized | WWheRtthe ahpeiatargersent is amployednadisadyaniages arisepr ovi ded

at a povweiugRViles Srf® ARS durhtWirhdhsheSPeRt Qe 2td Ufihgig, d& HRIBFMON the
DC link, is_set as small as pqssihle within a range_ jn-whi ¢ch no power

p i, ch
devi ces afefoatIeY dyedp exiensign of Mulsgeutnid e falng Mc@iivgIe WngRase
current dee@etdtivh apRBhe#a]l Surd ahdnle ligean apparatus whi ch detects a
phase current of a notor based upon a current of a DC rink and a vector

pat tern to be apldiide LN HBURAYMEE bLFOSEET 8 A ifgt anggar at us

whi ch supplies outputs [i'nverter to e'notor, sQ as tQ g t he
motor, t h&spepiatyt disadyantagescarise seeh ithat: resfucsiopaphsinging ds dhifficWypass

condenser [ FSniaravs Walh1:9eyi i IckBracespect to
e s S R s

det ect or §8BNPHDE ABPEANRE phenomenon generated by a conbi ned capacitance of
a pair of condensers in power supply side and a wiring inductance between
t hose condenser Althexgindsnay bel cansideretiehst 4 patseacurrentiioweng ieatDGhi ch can

claim 3 i Skotal B8 GHECEH o8 ool LRI SN R CEERRRRNR 2y o
a current affecsionCof indisemdnd that timprpaingmedsuremeappiccamcyandAndj @ah is
provided if)s ViRt 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



3 driving apparatus which supplies outputs fromPW inverter to the notor
so as to drive the notor, the apparatus is characterized in that a current
is supplied directly to power devices Brom a bypass condenser in power
supply side through a current detector on the DC |ink. A phase current
detection apparatus of claim4 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 appli ed, iﬂd which is provided in a nmotor rgrlw ng apparat us which
suppl i es out put £ RFPUNNYRIEPD oY 3t Badgdnige By okheaba's g fhe not or,
the apparatus is characterized in that a |owpass filter is provided to a
current detect ok, iswieobi asctaofcthe pféseht enuertoon o6 proeideow pless durtdr is set

to a freq n_ syuffici en Fess a npanent  of ringing
frequencyawgﬁlo\ﬁ{ngﬁpr@a@m e g§1¥1g ngg:d)rﬁgo&l{éhtleﬁg é?gltngdabased
upon wi ri cgrrienbrapdby pad svith hdgihsecusacypower suppl y si de to power devi ces,
wring fromthe power devices to the notor, and the notor. A phase current

det ection appar ht ys afbtidrabhjeet SIP r&yi’n@@n& haveawoRags tpflbﬁtd%r aapﬂz@,w pass
filter including changeover rreans for, changi ng over cu

phase curwéﬂpnae@%te@il R apparaius s defestings 4 spléaﬁeaﬁyamugnuh%ggﬁ'ete ths

a phase cy¢hiatyUsimg ARhANt BeGSGrupon a current of a DCy rink and a vector
pattern to be applled and which is provided in a notor driving apparatus

uhi oh suppl | es aubRite AnamYMACRKET St BY CREATISR 85 dfhdiee (e

notor, the appara u5|scara erirzed to a
current dwrhacln aletegts ch phiase eurtent of aenpmrsbambapom chrremsifes I¥Et ecti on

of a cur rf—iﬁ'k é’ﬂid 3 é&SF %Et@lﬂ"%g ot ﬂ%ﬁ'i‘r'n%q VAd Qqﬁctﬁgi}ﬂpvi&é@gfx{]a MBS n a

i e | eng e|n rte ‘or 1S Sé er so as to
have a fréqurmgypmracths vshlemsauppﬂl@s outpwisdromal VAM mauendy thaabpiarg
suppreSS|9@agftord1 e HoNGT at ed based upon wiring froma bypass condenser
in power supply side to powér devices, wiring fromthe power devices to the
not or,

oo oys ol ﬁap?wt“eseks abd BORRE i U oS R BROEC ARRRRL Yopdhnfii ™
t hr oulgh r athaclofis prowadpti 4tieepowar easee side rpeositioe tveith respeap pamatursenif cl ai m
8 ovysS
cqual 15 SERelQCof R BEINEDs 380 Mel AR Hb TP R HRAG 4 TehBE I g ency

and a maxhmpoveer geniceshradestrdygrhbya surgevoldgeabte tnthepperteling. of claim 9
enpl oys as the anplifier included within the current detector an anplifier

conprising an OAephhss)rb%hl@ﬂpﬂeﬁe)cﬁbn dratdy ofteldimt 8 Rapdvapspdratug a

f eedback &&ﬁaﬁmegnce hase currefn Eﬂecél on a ar at us of (;[.I aiin-10 is an
appar at us WiHf eiSct ?hé%r?é%belm B RoHr Ba%&& 15*5‘&9 rent of
a DC ri nkriakdarad aevéaior jpatteat o the lafp:hlar&ﬂwmnhl irokidesl pr avinded in a

motor <ol ABRRALHS it ﬁ&wﬂ’@ﬁ ﬁ@%@%ﬁiﬁﬁwmﬁﬁﬁ%ﬁéﬁ%@ﬁOf hat 2

filter cospass$onyive the metdal resonance circuit is provided in parallel to
a current detector, wherein its resonance frequency is matched to a

frequencytipf appé‘ﬁ'tﬁ'ﬂ;é"’@h@ﬁhcté‘?rlzl@ﬁf HAach bﬁ‘ﬁ&qtmr‘of/\’a rbﬁﬂs§ rc@menmipass
condenser i.n_power sup de to, power, devi ces, ng e _bower
devi ces t}yhtlﬁ]g 15 BE QY1 eﬁrﬁ\s & pawer devise side position with € pect 0 cuu nt
detector on the DC link, is set so that a current on the current detector due
to resonance phenomenon generated by a combined capacitance of a pair
of condensers in power supply side and a wiring inductance between those
condensers, becomes equal 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 claim 1l is an apparatus which
detects a phase current of a notor based upon a current of a DCrink and a
vector pattern to be applied, and which is provided in a notor driving
apparatus which supplies outputs fromPW inverter to the notor so as to
drive the notor, the apparatus is characterized in that the apparatus
conpri ses determ nation neans for neasuring at |east one of a rising del ay

time, a falling dela and wavef or rent corresponding to a
Commnd { GHVETS SPRIGHKRSMERE SORBUER GO SRl M Beter (AR FRFoF of

det er m ni §g adttoldrasd (1 08br, 2 current detection timng, and a mninum 5
vol tage vector |ength based upon the neasurenent result. A phase current

ot orm nalfORPhAGES & it At LRaaMRhRVR cRfeh s A1 a"@%ﬁ%ﬁg{’ﬁ% e, a
falling ddewgesifrem arldylmsammdcmmnin pooterr siiply side shoughng ausrentconmand
for the |8¥€e& mﬂﬂqﬁewmﬂ{g in at least the DC |link at startl ng and under

a conditionn rfrents are flowed in the notor. A phase current

det ection appar of claim 3 enpl oys as the tor driving ap aratus a
not or dri vi ng agpﬂi@ﬁ%scwrgh glechras Eﬁﬂlaﬂ\M&g‘aé“Beﬂe‘ﬁaﬁ APPE ?tﬁé

triangle W@h CuTRés| §%a@€tdiﬁﬁant3ﬂda%6h9y§a§ﬁi hb@n@tarlﬁhﬂﬁf@@@eans a
det er m nat.i ans which carri et&'y asu G\é .of at, a.st one of a
Wehighy

rising delX ‘W  VECHPR Pafleyn de %f%?ﬁ’l 1} R EPPIOA

correspondiiving @ @aﬁm‘mﬂﬁch@uptp‘msldw tts%oﬁlnFWTlﬁﬁﬁWe@!&r!b thé meotorent for
phase current de ectt}} U’éﬂ?t a rising slope and descendi ng sl ope of the

triangle &%@ét ’ A phase current detection apparatus of claim
14 ‘enpl oys as the det erm nati on neans, a determ natjon pmeans which thins
down t he Bif RPpeIaBasiS ebameterzed: He thatas dottrpash il Bcprovidedn® darri es

out neasupgfRRt d@fec%@n '\ﬁﬁéﬂeu?'ﬁeclﬁfof?ffé eﬂ@ Qﬁ'tﬂ& lbwngassaﬁfté% s 49 tdel ay

tune, and a_wavef ormi) a curr t correspon a g for the
|nverter apfrgAueBCY UWhigh caBt IC&FtL)bﬁHPHt% 6fCQ}TlHPPﬁ‘1t50 IBENEs t he

notor a NpleQenb cmﬂﬁhvssmasm@ﬁaﬁe@ln@@rrwrﬁéﬁOéomﬁoﬁ@ﬁcses Qehepdted
det ection a Era us of cl.aim 16 |s an ppar atus whi ch detects a current

flowing i Ra PRAKIIRG FPA ag ERSHT INPRIVGHSEPPIYSIdE (R PARETLi n a

notor dri uev@e@pmrlﬁgtﬁomnth\e*p&bepﬂémwtd fehfotht, iamdetheghotsre supplied to
the notor so as to drive the notor, the apparatus is characterized in that

a first filter ix s rgéu geﬁtoﬂeféfchﬁﬁt 5?}2193% %Eraﬁuﬂug élﬁ ugt apee

corrponent acconp e shunt resis ase curren et ectl on
appar at usl@®w- R;ﬂsél tqvaéﬁw pges fidter pucluding Chang@vea mﬁam%fmmhmglnas a pol e

at a | ovepvbf eatefCHehidnci@s, upper limt of frequency characteristics
required for a current detection circuit.

A phase current detection apparatus of claim 6 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
so as to 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.



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 fromthe shunt resistor and i nductance conponent acconpanying the
shunt resistor. A phase current detection apparatus of claim19 further
conmprising a second filter which cancel s unnecessary oscillation conponent
of the current flowing 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 e PEpssreNECndetestioBnappatatl diof edeiy ¥ cemploxhanttheesi st or .
A phase Critepn! fifte} ¢AEHAFAPRAADASS #li! PhiBiPhilise NuRBAZHAHS oM
detects a current omﬁng Ink using a s unt resi tor which is
provi ded aﬁm%ﬂﬁﬂtor dr|V|ng apparatus i n which outputs from PWM i nvert er
are supplied to the notor so as to drive the notor, the apparatus is
characterized i A phate roursentcdeteetiongappaats of pelaithdédemipicys aanibel s noi se

phase.cur o o EpB MG EAF pe e B olEL O iER 5 < BaERd e dEeattian’ et ect s
a currentafvawengbtained 06y | mokiplyimg @ ritging fregushoy , amhd whaximum

provi ded drl ving apparatus in which outputs from PWM i nverter
are suppl b@t&%ttw%;;g hotor so as to drive the notor, the apparatus is

characterized in that circuitry elements are | Iema ed s t hat the
circuitry el enefit hase Grarenis deleciannyppaIALEs eC?Bn ‘éysf a§xth§ener at ed

fromthe §]21?5’l‘itfléleﬁ10$ﬁ@éd %ﬂ%lhhme%ﬁéﬁ'ﬂ%etécﬂﬁ%? a Hﬁ’élt fs‘iﬂ) fan

appar at us claim?2 Ierren e girecuitr [ ra to a
pl ane whi RCHALIONA) elaﬁi h]émﬁﬁe@x é?%ﬁ% B cshﬁ t fe %‘FAJ?\"\C esi st or
and the Dgg adjkance,phase current det ecti on apparatus of claim?24 is an

appar at us ich conprises a shunt resistor inserted in a DC link for
detecting a notqr onput er
receiving a detg‘cpﬁg%é %@Hegﬁ%ét@éﬁor?%;o‘;}%ét%n(%[c?dﬂrf &Oﬂ;kdaﬁ %rﬁg{% ded in
a not or Wh deteefs o pavase Lcsnlemtmf @h‘n@mrpbas:df BpenFWwnITensrafed REe

suppl i ed ¢ ké;ﬁﬁi %Df{]&rtogli’)a?t% h ‘?o qfe' ] 1?&? 4IRS Which h?JﬁBQﬂfeﬁt HP al Botor

characterlze ’he_current tection circuit and
ground of duww&mwam@uw&ul@h S@'p@ lémuéwéd”l@m BWeMaviastar tarthgriaoterde of
the shunt s ggk§idRive theP@e6r, current detection apparatus of claim25 is an
apparatus whi ch conprises a’shunt resistor inserted in a DClink for

det ect | NGy, HRLOLBYT (£ alﬁfa&g@ AUER ROIGHT St 2 1ct@goTPUt er

receiving a ncu Input 'S provided in
a notor drésenagceappeauat mpmvwnddh paraplel $o far omreukdetector, avhetresn dtapl i ed

to the ”Dﬁé%'bnﬁﬁcésﬁlfegu@ yelst BEatTRER" 10 ta{‘eﬁé&u?@ﬁcf}} gﬁokﬁugﬂgr iR ged 10

that commo |'s are inserted to e-current
det ect i ongeRergird hnged Hepen oyisingo fsum ea bypass condense1 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
so 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



When the phase current detection apparatus of claim1l is enployed, and when
the apparatus detects a phase current of a notor based upon a current of a
DC rink and a vector pattern to be appbied, in a notor driving apparatus
whi ch supplies outputs fromPW inverter to the notor so as to drive the
notor, the apparatus sets the capacitance of the bypass condenser which is
provi ded at a power device side position with respect to the current
detector on.the DC lipk, as snall as, possible within a range in which no
power devV@g§g§rVéC&%%{éﬂlﬂ§/}é§aﬁf‘;F HPOD bR MEASUEGBERLESHE- t | 7e swi t chi ng.
Therefore, current detection accuracy is inproved by preventing ringing of
current due to regphasecarfenindéteoiiongapparatvs oficiant 1@eemploys awibe t he

Bppar at us aRrahFebEh ARaBP AT ekmitiidl Tl WhadmiRfe RlsalBhs 2 oo

rink and af\serismg geldyetime,oa fallmgptelay, timme, andoa ovavdrforiongfl apparattus whi ch

e’ appar S0HE bBpUNENLS LEORYELIE ol ol ARt hnd HFRAL uf fFadi Bec™ %
provi ded AC dindoaestadeng eadsintterposondidiomnvint whids PEE cutrentshareciiowedt

det ect or an ﬁé]?n&grl ink, so that a current on the current detector due to
resonance phenonenon generated by a conbi ned capacitance of a pair of

condensers in power supply side and a wiring ipductange between those
condenser s, becmaéﬁd&r}/@ﬁ ‘g?teFtéQ% ama@%nﬁ)ﬂ%m rcl&r ?@Pﬁoﬁ\%iaéﬁ%@an be
detected Byotopeirringeippadlftus el @otorT AV RI OAFparaRASWhRIEPArRIsIdUt PWNr eat | y

decreased_and current measurenent accuracy 1S inproyed. en the phase
current d&faE BERCLAHOR, U tb‘langieaiwrﬂvﬁ ¢ B%F%ng‘b?tﬁﬁadamé‘mﬁlﬁé(s &Spar at us

detects attWadetsrmgneﬁbnlofm?n"spta)rdé;teﬁmﬂaaém_meaﬁsremicl@f carr_ixéhrdu’tk ?_nd a
vector pattern to p e in mot or i Vi ap t us i.ch supplies
bot ot st A et iR eaSt oh A oishg day A EPRleE oty tesrd

appgr at usandmppmaefoha (lyfua cegtendbbﬂ@tﬁgngmgpmmomghnefof ltlmafrimm;]ftdrypalss )
condenser _j [ Si.ds rou t he current .detector. on e DC |ink.
Cherof or canfl PRESHsRHaR ot BAEnl 260 HHAse BEpEHL N8 G I0tisa MiBsero and
current mendulescendingcslopeof the tiiapglevwdve Weepedtivelphase current detection
apparatus of claim4 is enployed, and when the apparatus detects a phase

current of a m@@@h@@é%l‘kﬁ?ﬁﬂd@eéﬁbﬁ%pa‘?ﬁtu@ Wclafiﬂn”‘l4a_eﬂlp@oy§%‘sqfhepat tern
to be appljied, in'.a nmotor drjvi pg. apPar at us I.CBHBU l.ies outputs from PW
i nverter O8URAEINAHOHMEANSE JeledRinALiqmeans Jyhic llgggﬁwgt ‘BJrl?ﬁ)?tdes t he

:OW pass ]gxi.ne%ats@&emnt |ﬁt6r ?wpnﬁste @iﬁﬁ'@ﬁﬁ@é\l\tﬁpt’ifﬁﬁ! smca?gg p@tfﬁ}ehsmmmy of the
ow pass fi r i.s set.to.a frequenc canp,sufficien Suppress a
conponent OB@tt ie?ﬁtn(ﬁlef pEadERY ﬁ%ﬁf‘ﬁa@a @gﬂgéﬁéﬂ tlélzli"F’oarn,dt Q\%Y%W?Rgﬂﬁponent

i s gener abfd hasent cqoesponding tdé acvmmayda®s theomensar i n power supply side
to power devices, wiring froze the power devices to the notor, and the

ot or.  Ther ef of oy ghiage GHFRGHIMSteBlion NEpyidrRGHNSF FIARHY3CUmiptopuikiicent | v

suppressed, and the current detection - daccuracy is I nprove en the phase
current dBIYEridRoiphwhach driyes apsnelosqdcmpresses, the apparatus enpl oys
as the lowpass filter a |lowpass filter including changeover neans for
changi ng over cut phiake forpmEndétestiofl hagrpairatus, of chaimarlyi myannapparahg | engt h
and the I|i f I.. Lt i f - yhi are
similar to PRBadeBfisp Thhlpt 6% e i DEI0A p8Ih SR SESH, BB

det ect i onvpighr &t psowvided wi m Blater éplivgespparatiswiierwhich epipatatftemdet ect s
a_phase cynyRftinGhrier AR ApdIAREE) HRMoforctt 5ER] dfile InPmdrfk and a vect or

pattern to be appli not or dri'vi ng appar atus Suppl i es outputs

fromPWM inverter to.the notor sp.as to drive the noto he ratus
provi des the appl"”taépst‘%cﬁﬂ’é'_cifi}ﬁeéﬁ’cn a&té’cg&t @ﬁ‘?rc’ﬁ 91i0|vg(i¢d h soﬁg‘% Sponse
speed whi ah gnabes tdehdwedthnce odmponent adtompanyimgedhet shumt registorni num

vol tage vector length, wherein a [ine length fromthe inverter to the notor

is set by the fi 0 C i I . nor e
than a fre_quen_cfl gﬁl;agﬁl%r}ﬂ%ﬁl} %%ggpgngl%ﬁ}?ﬁé %‘frl\gﬁi%%el?:fggﬂggsstg _@gon
wiring fréist Aeppplaker wgwmde CEY:) nqie@@ﬂelpw%mqpmcaéhan apougperdapitces,
wiring fr . ' 0 e erefore, the
conponent gg}f I%tﬁ’e&%m?%g?ﬂeﬁgaﬁg%‘i‘g??@@uéF P@?gﬁppgﬁgﬁﬁ%‘?gﬂd and t he
current neasurenment accuracy is inproved. Wien the phase current detection
apparatus of claim7 is enployed, the apparatus enploys as the filter a
filter including a |lowpass filter which utilize a through-rate of an
anplifier. Therefore, operation and effect which are simlar to those of
claim6 can be realized.



When the phase current detection apparatus of claim8 is enployed, the
apparatus enploys as the anplifier an anplifier having a through-rate which
is equal to or less than a value obtaised by multiplying a ringing
frequency and a mexi num out put voltage. Therefore, operation and effect
which are simlar to those of claim7 can be realized. Wen the phase
current detection apparatus of claim9 is enployed, the apparatus enpl oys
as the anplifier included within the current detector an anplifier

conpri si ng an opephasocairenipletecieon apparatusi of chadni 118 prpdoysien the a

f eedback ﬁg&aﬁgéﬁﬁ terRiAH Bolvah ;@&I—:%t QUee éﬁ%e%?ﬂ%t%‘ldﬁééhom are
greatly reduced, and operation and effect which are simlar to those of one
of cl ai nsMadeoftenm Hre pauntetglsisteandednatiecppa@ponant epcorpanymigohe

appar at “Ssﬂlﬁnthle?ﬁéfbxl.o IS 10 enpl oyed, and when the apparatus detects a
phase current of a notor based upon a current of a DC rink and a vector
pattern to be applijed, in a potor. driving apparatu i ch suppli.es outputs
P Fom P i nver cBrPRERS ity Rtefion anpariips BE st Toviariver rMieiShat us

provi des &hsedonldt ﬁdte@owhidlsicagc@lsL@meiseé?rr eschlation compeonent ofpdeal 1 el to
a current dete r,. wherein,its resonance tfrequency is matched to a
frequencyCB’flePfh&ngWi@ﬁ ShunfEe;dSfed based upon wiring froma bypass
condenser in power supply side to power devices, wiring fromthe power

devi ces to the Aopbase andraniedatecivon Bppasitoseof afainr 20oamploys agi is
reduced, @ r d t 4 Of+ ACGLIGARY A A S . . Sg current
det ecti onﬁg%pg?a{e;c?lgf ﬁgﬁgi %nq?liéll %ﬁ%l %9@8?%%?§hgév§%§§ngg§a?g?u§ detects
a phase copnpegtedfdizeatt tr theagumntup®istar. current of a DC rink and a vector
pattern to be applied, in a notor driving apparatus which supplies outputs
from PWM i nvert &r phase loarmott odetsctiais dppadatugeoft bkaimo@dr is aheapyaranst us

conpri ses r i U G: f i sing del ay
LS S R L AT G e P I G e
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detection apparatus of claim 16 is enployed, the apparatus detects a
current flowng in a DClink using a shunt resistor, in a notor driving
apparatus in which outputs fromPW inverter are supplied to the notor so
as to drive the notor,




the apparatus offsets an error due to inductance conponent acconpanying the
shunt resistor using the first filter. Therefore, accuracy of phase current
detection is inproved. Wen the phase @Gurrent detection apparatus of claim
17 is enployed, the apparatus enploys as the first filter a filter which
has a pol e 12 at a | ower frequency than an upper limt of frequency
characteristics required for a current detection circuit. Therefore, flat
characteristics for a wide range is realized, consequently accuracy of
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the apparatus sets the capacitance of the bypass condenser which is



the apparatus inserts the common node choke coils to ground of the current
detection output and the mcro-conputer. Therefore, transm ssion of common
node signal is prevented, noise curren8 flowing in the m cro-conputer
ground is reduced, and accuracy of phase current detection is inproved.

14 Brief Description of the Drawings Figure 1 is a diagramillustrating an
arrangenent of a notor driving apparatus using an inverter; Figure 2 is a
di agram representing application vqoltage for a notor in two di nensions;

Fi gure 3 peovidedagt atn R dence rdde sPOMUPAgWally TesRect| W thketivantyect or
s out put defddiiF Sutities D JAEr &Miaed ket BT LAALH Aeketiio Bl {owi ng i n
DC link; Figure is a diagramillustrating real mneasurenment exanpl e of
current freSANERGerPIBNOMEROn gegaraied sa £ombigednsapacitgneatof gpan of
arrangene 0 [ IVA W JEVY oY ahas tection
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a di agr anceRflensers, beapmes gl Jarer kss dhae gt manimupy cuarNh v Hehi@d of
reso“ancebe':kig%c%e@ l%j tRe dbGEEAMdeédtst. " aThQﬁbePé‘,Cﬁ%Qﬁ‘felﬁéﬁtc‘éhtor is
arrangenment of a notor driving apparatus in view of current detection;

Fi gure 9 igteatlnidggreased landseurzgntigeasurernnt agewtacy,aanpinsoseda current
flowing through a DC link; Figure 10 is a diagramillustrating a

nmeasur enent exaWlien tfe phaser wenentf derection appataghs af Blailr BKs eheplogedengt h of
wiring is_2.nmeters, Fiqure 11.isS F duggramljj stﬁatingg reh@tionship

bet veen a 0pPdePMHg: APRAAMNS AP E RIS IGUISHO ACBPTY Pagdgipen s s 4
di agram i kchnsttadfi nD@nirk and geveotor phttem RCberaipphied, in htraotorFdigumg 13 is a

di agram | lawﬁf*z{tﬁrsi\ﬂgicﬁaeﬁﬁ)%rﬁse‘g o(iRSﬁ%CﬁSﬁa‘ ﬁWI@IS in%r?e? to the motor so as to

drive the motor,

the apparatus supplies the current directly to power devices from the
bypass condenser in power supply side through the current detector on the
DC link. Therefore, affection of resonance cusrent is suppressed to
nearly zero and current measurement accuracy is improved.

When the phase current detection apparatus of claim 4 is employed,
and when the apparatus detects a phase current of a motor based upon a
cuirent 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,



15 RC primary filter; Figure 14 is a diagramillustrating frequency
characteristics of an RC primary filter; Figure 15 is a diagram
illustrating a current waveformwhen a%ilter is omtted; Figure 16 is a

diagramillustrating a current waveformin a case that a slow anplifier is
enpl oyed; Figure 17 is a diagramillustrating a current waveformdue to a
slow anplifier; Figure 18 is a diagramillustrating an arrangenent of an

anplifier which js restricted its bandw dth by a.period capacitance; Figure
19 is a dVapHRE in Misngdepgth and iheclike »@/aog:eo?‘lﬁmblyaﬁecﬁseandhapelatl@@ndenser

s om it ednd iR Sy RRN dredifiRG1AThbIC UPLIAH H2aft titiechfipbanavel orm I n a

case that a condenser Is provi | gure Is a diagramillustrating an
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22 is a dandrwhenlthesipparatg deteats angmserdurtgntaofdtmotalr basedgupmpar at us in

whi ch a phase._curre detect hon_apparatus of a further_ enbodi ment. of the
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under st andpparausietlaghtsupplies cadphtssfeom BWM-irgerer2d the motdir 3grasnous ef ul

I n understdgin@git@l lgﬁﬁlurement of a current waveform Figure 25 is a diagram
t

useful in hg detection of a current; Figure 2Gis a diagram

illustrating a DC link current j.n a case that e
the apparatus provides the filter' t6 the 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 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



16 the triangle wave conpari son nethod; Figure 27 is an equivalent circuit
di agram of a shunt resistor; Figure 28 is a diagramillustrating
characteristics of a shunt resistor; Fligure 29 is an electric circuit
diagramillustrating a connection situation of a filter to a shunt
resistor; Figure 30 is a diagramillustrating characteristics of an

I nductance canceling filter; Figure 31 is a diagramillustrating
characterlstlcs of a current detection circuit including an inductance
cancel i ngefmploged, pnguiden the a@pamgsadﬁtfsq:qm%tpléaslenguueamfemmmsur ement
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33 is a diagram'illustrating a current. neasurenent wave
condi t i onTR{Ar dikvisgeppargtusswhiahatuppliesovrspatfrons POYM envester 1o @l@r e 34 is

a di agr an}@flgbd ”to%l‘i'%%l%@ﬂ?dtﬂg a relationship between a | oop and a

gener at ed ux under condltlon 't hat noi se cancellng nmeasure, the Ioop
bei ng bet unt_re fﬂd an_anpl.ifie re 35 1is
[

useful in @Pé{ﬂﬂﬁmgv ot Bt 2R i o LG Sedl FesoRange St s ror

si dle ?nd amrppalfalleﬂ so ;2 dmrmtosleterwo@ mepelhet:weeescmaslhenﬁeqeensyors and an
amplifier;

- ure[ s a_di a(graml a coaﬂ] n t hat .an

anpl i fier e ) enme@&emyp ffeume P3G dF Sroeraied pased b WiEPEr | ux.
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a signal grau Q

i or o conpitire o EEHRRY (& PERABR A e STHERIPR. dttdttionng a
condi ti onof radgiagss gediicet, amddcwniert deteciéo adeiracyiioimpiroved.t and a ground
of a mcro-conputer at one side of a shunt resistor; 17 Figure 39 is an

el ectric circui Wﬂeﬁgﬂ?én %héé&tdlﬁiéﬂigdétéb@%' d&ﬁﬁlﬁﬂﬂl@t of epdmpnl [ofle choke
coil is inserted to cted current output round a
mi cr o- confiRRioyed, an when the apparatus detects a phase cunent 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 1s



Best Mode for Carrying Qut the Invention Hereinafter, referring to the
acconpanyi ng draw ngs, we explain a phase current detection apparatus of
enbodi nents according to the present invention in detail. Fig. 1 is a
diagramillustrating an arrangenent of a notor driving apparatus using an
inverter. Table |I represents relationshi ps between an output voltage vector
of the inverter (powf,r devices) and switching condition of sw tching

el enents. Table 1 T~,+, T~+, TW represent switching el enents of upper arns
of u- phasemployshsibe apparatyshemployeepdbe imeloy. driving apparaths/ a maptoss ent
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When the phase current detection apparatus of claim 17 is
employed, the apparatus employs as the first filter a filter which has a pole



19 And, it is sufficient for maintaining the direction of the vector that a
rati o between outputting tunes of the voltage vectors V1 arid V3 is kept to
be constant. A phase current can be dezected fromthe DC |ink by using
characteristics that when the vector a is output, for exanple, the w phase
current flows though the DC link (refer to an arrowin Fig. 3) during the
period in which the voltage vector V1 is output, and a current reverse in
positive-negative with respect to the u-phase current during the period in
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second condenser 3a is determned to be as small as possible within a range
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f denser - 2a. so as to be s led to the 1 nyerter 3,

snoot hi ngb‘%)[( the f1rst_con af lfppl

than the BREPOL f Adwrefore, Hection Qftwnegessary gisiilalaon ds taR¥SHoPnd al ong

the vol t agperftedipand ldffecienhith seNS@MIA t3thdse Of oMk dgdclapas 6 thegpover

devices of the.inverter 3 for protecting the power devices, and the

i nduct ancB'CHAESEnt from the second condenser 3a to the power devices is

determ ned as small as possible. Because the first condenser 2a is a

condenser havi nd¥herathec phaset shekent| daigchonr apparasi 0§ skimesdD tise first

condenser t | v r i Sy b8 filfed S fidsedi m whi ch
eRfpIBYEd iR éﬁﬂoa?gtl:l{égémgr@& z%ssﬁ'le frst M Secbhd filfer S fidted vASIC

is arewi tten_dl agra . taKl ng notice.o resonance. ,| nduct ance
2b and 2cCOMPHSS\PASSHE elededunandtis fopaeqisandpeely te dhe sBHALFRSASIORA and

the thi rdT‘h‘éi‘@fﬁi‘é?ég@iﬁ_ﬁoh’[aﬂ&eﬁ@@ﬁ%‘i&pﬂré §ipildY @ thosk T onee6PBRARR | S
gener at ed d 2c and c i ned capacitance of the

get n the lr:aglﬁ(:t nce 2b an 0 C  ta
second coR@dRsE? ase realirednby the agranggmens syhigh bardly gapexalehewosdugnd 2c
bei ng duetéasy\jnﬁi]myaha isenegp! ed between the first condenser 2a and the
thi'rd condenser 3b,  and that a ri ngi ng current having a long interval and a
great magnitude i C W R 4Qr . t i e of the
second condenserwg'gﬂvzlFlﬂcf’nt1?112‘ﬁtehiléﬁlE conggfr?ggo%éig\rﬁgﬁggt g?mgﬁlggpt%ggig nearly
the sane emplogrdnpné whesoihe appmates deiestancsumeant flowing in anbSalinknt |
however, i fs ; B i 0 be as
LS S%Cgf&g%& ?ﬁéliﬁtog, irf Qemé&ﬁ%@%' %’;ﬁt jeﬁﬁtrus% %gﬁxéi?bﬁfﬁﬂt@@oﬁl

smal | as possih range 1 n power devices ‘are not

destr oyed%tWM 1BVeIGer 918 Supjdicdute the malarse #igto duve fae MISE of the ringi ng
of current due to resonance can be nade not to flowin the current detector
5 ther eby theiappatatdecentélomaisc duacy magnet fusdgerferateldefront tee slasdnance

bet ween ¢ feriorsEd dfigoRtedingt Bt Tnk TaiFe A30EeBRn 0HaF Thelftoltiace”
currents, atberacgouinphasernuamnesrdedectaonis hepidvedd condenser 3c, and the
resonance current flowng in the current detector 5 is determ ned based

upon the capaci WaRegs B | phitke cheraiftCaB@ctondenparadsd afdcldit 20 ri
condenser 3c (only the resonance curr%nt flow in.the secongé?n?{enser 3a
flows in pﬁgjl@ypdeﬁpdd@}g@bgﬁ agparatus detects a curfent flowing m a m

using a shunt resistor, in a motor driving apparatus in which outputs from



21 because the resonance current is distributed to the second condenser 3a
and the third condenser 3c. Wen the inductance 2b and 2c due to wring
between the first condenser 2a and theld hird condenser 3b, notor phase
currents, the second condenser 3a and the third condenser 3c are

determ ned, 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
accur at el igé&p@ i nduct ance 22 c due to wiring between the first
condenser ARV G 31Ri SUPP ’6‘% AGIPr 948 10odHING thh BYAOE t uat i on,
measurenent error can be elimnated by actually neasuring an error due to
r esonancetlsurisnitryhelemérs carer et affectadi bymaee rdre towmgnetie Hukr ent

o and BT e el ehd b tR BAR HRCHEL BRI iGRalREer aa

and the thf the cocdemy elerBbnto aFherefde, acourasyt depkaseocurdent detection
resonance:. CH,ééecW to be equal to or less than the determ ned m ni nrum val ue
of det ect S HBYFE As described above, due to the affection of the second

condenser 3a, %&é nance current based upon the indugtance dyue to the
wiring, the sec Rhase sy dptection dppariEnse ) &k #n t he

current dexgfbe éd5th%0a rbmsgﬁﬂpre%enmneewcmu @lhlh@ﬁtsoxtnhﬁélaﬂ@l‘fb aal t hough
t he second cond nsg eveatg ower .devi ces %(g%bel nB g}troyed by
e e e nlsovﬁeﬁlgl%tﬁ nGGC s eRnrtedriers die sty tmde { o
bear the fasigior amdothet DE $ig&kondl E@@@@x@s%bc@ﬁ@%iaﬁhﬁ@ éeftrenntieRctiof
capaC|tance of the second condenser 3a to lie 0 by connecting the third
condenser B3PIPIREdur rent detector 5 and the power devices with extrenely
short wiring to_one another, because the voltage difference bet ween t he
before and behi Ndhen tiee phaseesurtest edetection apparateseby elaam 2

Consequen e
o R %%@?’%*‘h?"’r"‘é*igﬁga‘%*c@ﬂeﬁf’ﬁ%d‘n"‘9

suppr essel G dimkdior detertigg 8 moter gragnbnevIrent detating slicsie apdual

circuit apfiafge gﬁu@f I%CERHH Qrﬂé’ﬂeﬂﬁoﬁpé‘é’ﬁé‘ﬁﬂ% ‘fﬁl’lt‘:*&s' §n5 tf ag current

det ection. | .nductance cg one i's superior betwe the th condenser 3b
22 and t h@hishels BERNide lnhm@Oéerp&éwtlagc@mﬁ%nehtw}ilghsew% I8t ween

the power PYM GPer@éaretppied todtheFaBRITN0LESTD BBvERROmMctogoNpPr i ses wi ndi ng
so that the notor 4 has great inductance, capacitance conponent is superior

 so- has Ui appafhsonbeCHEERNAF STRATF 48 S BLERTBh Afeuit 4RdTD °F 0
i s gener agwulb@gﬁﬁthmmcmmnpw@mdpame anaiheh @t cengasideané eheTshurtr equency
of this resgaRCe Prer dﬁgéfgo{éﬂmltd?esl 210 %%ﬁe B! r'&%ﬁf&”ﬁ%ﬂ%gﬁ é by the

i nductance 2b and 2c W ring betwe st _.condenser
third condesiie %1%¥Hdﬂ9Wéngolﬂﬂbﬂ%f‘edlm@hWﬁM§e BPUNGe aBEcRFFAIIAGN nser 3a

and the tghﬁgjﬁ @gﬂgﬁngg{ecﬁl@m l'ghﬁ{cﬁt)%@ the current flowing in the current
det ect or becomes oscillating rrent for a'while fromthe vol tage vector

out’put, as is i Fi al engn ryp under a
condition that 'ltvkiefél\t}vl ﬁengp%e l}egitd'é?tee%(rfr%{onﬁe&p{ﬁ?%ﬂg o0 Elat ergifp s

i 11 ustratetploysdg.ando when ttlhles appalettuvsadWhmhefcompuste ar ébunnesistatequency
of about derpnpbhe: W g S Thi s
frequency%?s(s% P;sdstﬂ gblata (1)1 fglg%t%tﬁ(gg;$h (Ethe reggllrigné:lglg eﬁ%ﬁﬁgﬁ

gener at edcuyuttheandn@lumcanceompuwdlez@ndng a deffationgchaene OWtpeeas apst
condenser t i I e of the
second coﬁﬁﬁﬁééﬁd Joichs Fﬁ0‘3'“!??‘(]?%5%%‘2’5?é’ﬁ”*ég%l’%%’?iﬁgﬂﬁ??%ﬁ‘%
greatest frgndtWidrinypeesarmpuppliedhto Hist BYotel $Q/AfHEP dpygrthe JBOtGHi ch i s
applied the neasure of the above enbodi ment. Relationships between the
wiring frde tdygpapaesr irdeviscese tcontihenmmtade ¢hakel ¢dits tesgrunck ofyilees due
to the existence of tEJ notor, 4, observed fro thoseg.\#a %orms are
i 11 ustrat EHECRLE geteﬂonl t OPPUELqaPdt oh¢ ¢ FEETOKE! ]&‘gﬂ | ati oReLY % i s
lncreasedtltansm@g@&t@momhm thdersegmdnst mloermfedt; hmsmtoneﬂt flowdinighat the
oscillation E‘Y‘C e is increased |i ear(f/ a \F/in %t e increase in W ring
lengt h ( cHbItBe| BHYPRSOMPRIgE groupd 1y fedquced, ABF 3 GHHTh A RIFSE I @ hange
of three tjetm]o]s]srn@pnomed for the cable length of fromtwo neters to 16
neters, and that the filter forned in the current detector 5 is needed to
have frequency characteristics matching to the frequency when the cutoff

frequency is determned to be a | ow frequency for the cable Iength 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 enment accuracy is greatly inprovdd 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 power devices to the notor 4 and the notor 4. It is preferable
that a filter having a changeover neans for ' changing over the cutoff

f r equencyBiriefdipsaypidonofithe Diawisgsso that it is possible that flexible
coping with the change in wiring length and the like is realized by

changi ng over t Fggdecquency diagrant dlugtdthfe aemrargenserfti bf ef mstdwur t her
descri bed., .Description is.nmade.by taking the RC primary filter circuit

i | | ust r at S ViRE @P ?lqﬁsﬁl%agiaéﬁﬁ@; for sinplifying the description. The
step response characteristics of this RC prinmary filter are characteristics
illustrated i n Figure12,iswhiiagramereprespnemgyapplacatterevpliage fonsi mhtoIRC
primary fi ] cteristics illustrated in Fig. 14. Provided that

t he currem E\?é @@?‘%@tlglégat the final timng of the vector when the m ni num
vector length is.outpyt, the value of CR is.determ ned using the

el att onehi'p of FIEUTeRS is ¢ Gaihnk Jettulcin WHEHSAGHE QIR S Mistesent s
time of dadtlecttwritiomtpa), fromthe allowable error Es due to the speed of
response at the detection timng. ~ The cutoff frequency fO of the filter
is calculated f I AQ)I VE b ressed is
cal cul at ed fr_omFt? elteggrpﬂ\é?% ﬁ%g{?:fﬁo@epﬂeﬂg%‘?g?%s%@ rgllntrll&étﬁgot%ﬁg@a owabl e
error Es 8felmKithe ri ngi ng. And, the ringing frequency fr is obtained from
the ringing anount Es/Vr. Therefore, current detection accuracy can be

i nproved by det Figurei 5gig edidgramg illesicating reah niasuremeneexantpletdfe not or
4 so as t . 0 e yfrequency to be equal to or greater than the
ringing fgggﬁgﬁgﬁ‘rﬁfﬁbg’@ﬁ@%a ual neasurenent waveformin a case that no
filtering is carried qut, is,illustrated in Fig. 15, while the actual
measur enent vvavﬁ%‘t“rﬁ ith 1§ 2 digerag: Iysiang, A5 iafangemmentypLsy MOty oyed,
is illustdeaivedgi mppa@tuslGn Refielira nthase fwgent Idetedtibnl Gppatatus ohder st ood
that ringi 1r_}ﬁ}{)ccg\n ef f iveJ%/ be. suH@r essed ﬁ%{ enpl oyi ng the sl ower

anplifi er® et gdre ?l?fg‘inﬁﬁ AR 1LAPR fl'vel y be suppressed by using
the filter which, utilizes the through-rate of the anplifier. \Wen the
square wave wit F1IgWe 7rsdquéigiam whichiprewndenigure  eopseptealdy By t he

ampl i fier tdl@nneotidecof som@hceate f X Vmax (V/s), the ' anplitude becones
the anplitude Vmax/2, as is illustrated in Fig. 17 so that it becones the

so-cal | ed cut of fs; q YW I 3 - t
frequency is gr?é%‘]lil)e/é ggg%cdelgktdgpIlgﬁgg%%gﬁbpgétugggpfggﬁ%%ég{cﬁleglﬁléc@ %gsses

t hr ough. Bimgotarsdiivingnappatatus m vieme of cudieatdatactionyst rat i ng an arr angenent
of a current out putting section 5b of an exanple. This current outputting
section Sb has #Figwyeedaid endiagranl iifligtratiind .a amemvreinent ¥xangpld af eondenser
5b4. An inBuj[ ifﬁ}nal ia _SUEB| iﬁﬂ%tjo the non-inversion input termnal of the
oper at i on§PUEHHETHY B8 BEPUEPADLUBKS  on i nput terninal of the operational
anplifier Sb 1 is connected to the ground via a resistor 5b2, and_an out put
signal is outpuf1gwiemlOnis éu@@ﬁfﬁmeﬂ}ﬁsﬁ'@lm@f atmeappEMmantotAmplePf 14 er 5b1.
The 1 esi StafresA1Pthe oBERYEDETinR el § 1ERMNESH Gehing iPaimblest; Lo one

anot her between the n-inversion I nput term e output term nal of

that e condendaptisn 11 & flagraif G fin EARIAEORYp BiTH8h R b f2°°

actual nedsngthnard awayghgroscilhatior agervabat t he condenser 5b4 i s provided,
is illustrated in Fig. 20. Wien Figs. 19 and 20 are conpared to one
another, it is Eiggrstiandgst hagia ﬁlnoﬁlﬂlystpdt%%hﬁptarbaﬂ%e@héﬂ @fidgi SREPt are
greatly reduced P{ provi ding the condenser- 5b4, and that speeding up is
real i zed QEYBAERINE restriction in bandwi dth.

Figure 13 i1s a diagram illustrating response characteristics of an



25 Fig. 21 is a diagramillustrating an arrangenment of a notor driving
apparatus to which a phase current detection apparatus of another

enbodi nent according to the present inMention is applied. This notor
driving apparatus is different fromthe notor- driving apparatus of Fig. 6
in that a LC serial resonance circuit Sc is connected to the shunt resistor
Sa in parallel. The resonance frequency of this LC serial resonance circuit
5¢c is matched to the ringing frequency generated by the wiring fromthe
third conBéhpamaty filer;he power devices, wiring fromthe power devices to
the nmotor 4, and the notor 4. Wen this arrangenent is enpl oyed, the
current due to Figagenpd iis abikassediliktidtimg Fegaeney chasianggcscof anit Sc so
t hat the r ent deﬁﬁctﬂi on accuracy is unproved. Fig. 22 is a diagram

i 1l ustrat MgPERAY dH§Enent of a notor driving apparatus to which a phase
current detection apparatus of a further . enbodi ment according to the
present inventiBrgure &ppisi eddiagnam bassraturg i ayrrappavaneforins wlieif @r ent
fromthe ﬁ?(teﬁ)ri SFliinje'ag apparatus of Fig. 6 in that the current output from
the current detector 5 is supplied to a CPU 7, the port output fromthe CPU
7 is supplied tg. a _drhger circuit Zﬁ and t he d[jvgr outgut fromthe driver
circuit 7a is stpplielods 3 daagrame Histrating R, cprigny veaeform i, ancask s

ar r angenetiatiasslemphmypdifiertisemapioyed; detector 5 sequentially detects
current flowng in the DC link and supplies to the CPU 7. The CPU 7 sanpl es

the current at ) rienti;det-66 1L Linpi - - h current
based upon the gir/%g)gsz?nls gi%@?oﬁ&“@ﬁ“?ﬂ&%??’%%fgrﬁgﬁgle.ﬁl %i#%n%ﬁ?he CPU 7
carries obow BEIpifdesssi ng for motor driving such as speed controlling,
current controlling and the |ike, and specifies an output voltage vector
for the driver Figurei 18 is.a diagraini Vmstratinguan arvangeinens ofvant atiplfiel ement s
of the powsl. deyi. . aceardi 1.9,11 comn . CPU 7 so that the

i nverter g‘ﬁ’éﬁ&ﬁ/?észﬁx‘igﬁcfgag’é%&’d&?‘eﬁfé)&%‘?ﬁ%ﬁ%@?% The cited reference
utilizes the fact t_haL t.he phase CU{I‘eI’]t .appears on the DC ||nk depending
upon the swit chfHP€ohRi18i dliggrapmdllusyaing je USRI eaVEIgHR HbRetds the
phase cur flentscordddse®@é omittedyi ng apparatus detects the phase current
simlarly. Wien the phase current is detected in the notor driving

appar atus havi ngégdl% Q%€ %’ié@%ﬂfrfﬁﬂéta-aﬁﬂg £ebrRBt wWelgimOmh h0fasg thin
pul se becaones t probllemas Is i1llustrated in the cited reference. Wen
the extreHiaty eondenserdeprevidadput (vol tage vector length is extrenely
short), processing such as restricting the m ninum pul se width (mninmm
vol tage vector FepngehPlois tahdidgrkm iHesaadrgt e avangemhenteas$ua emetdr i s

i npossi bl g r I . t he m.nj I [ gth
becones |§§§§’Fg%ﬁ’p§?%tj§§3gn g@sayﬁﬁggggﬁnéﬂthmﬁy&%Fbgglg]tgsg@?%rngh\%}i ch
cannot beemhgsimendrof thagressddnyentitiais appliedi t age (current) waveforh is
defornmed. Therefore, it is necessary that the m nimumvol tage vector |ength
is determ ned tFi%ﬁ‘eaQZSiBDrat diggransdllbbeatifpi an ratingemént bé afhecdi on of
ringing or, the like for .t helg't Bi n ﬁul se 1S ngc_r't.bed In_the fforf‘ﬁgliﬁnxg, but

it is nec85YMg aPRATAPS AN Jehichiq BRAYG GYITERT dCWSHORAPRAEAIR OL A FHLRET by

t aki ng t hemimdmameftthegresaninaaaiomes hpphed;nt o consi deration for

perform ng accurate current detection. Delay of each sectionis illustrated
In Fig. 23 Figure 23 is a diagram useful in understanding a delay time of each
section;

Figure 24 is a diagram useful in understanding measurement of a
current waveform;

Figure 25 is a diagram useful in understanding detection of a
current;

Figure 26 is a diagram illustrating a DC link current in a case that



The port delay of the CPU 7, the delay of the driver circuit 7a, and the
del ay of the power device are added, and the sum becones the entire del ay.
Al t hough only the delay inriseis illustrated in Fig. 23, the delay in
fall is simlarly generated. In a usually enployed circuit, these delay are
several hundreds ns, respectively, slid the total delay is 500 ns to 1 ps
whi ch varies to about tw ce val ue dependi ng upon tenperature, dispersion,
and the like. Therefore, the change in delay tine cannot be ignored when
pul se resthé siangleovavesempaaisoabvethad;~s is considered. By taking this
into consideration, one or plural relationships of at |least rise delay tine

or fall delay tiFigu@ 27w ageequiviehociiewt deadraandf &lshuhngesigtot;he DC | nk
corresponding to the conmand 'of the CPU 7 are nmeasured, then the current

detection tl!111 gkl g. Orgni:Qi Vi : hBar £ eryn pe ed upon
t he neasur enent hﬂrl%&ceulztg,ml?hg?ghaﬁ%ﬁgqgé%@g{lﬁgnbg?lr%cgeélsggn 1921 rr‘fraglg:lﬂgz to the
current. DeSgtorption is nade further with reference to Fig. 24. Fig. 24 is
a diagram useful in understandi ng the neasurenent method of current

waveform It isFasstengd ishah dlberieovhtuitediagearfuilRistratingout ¢utinertioar each
delay fromthe ou fpuégcc_)rrrran% tim ngtpﬁ_Because the current waveformis a

repetiti of'HAVERSHA QHeE IR ASIBRCHYFOkough the times each from the out put
start to the output stop are different fromone another, it is thought that
wavef orm of si mbigwresp@pe ai diagepetilluistelipgahasacteastiey of yanPiwiuctAnSey al .
When t he %Hﬁé@ﬁ‘ﬁgifﬂté}et ected at various current detection delay tines for
every PWM 1t is°neasured what waveform bei ng output fromthe output start
timng. Simlar in e.fall,. it is..also neasured what wayeform bei ng
output 1 rom t ne S BuG leibg inbiigh HiisrrEiRe chafe it Y Gara e, fal)
del ay ti mdetedtigi ogcwa\intluding anrindectaaced caheeling éilere obtained by this
operation. It is sufficient that the total rise tine + the convergence tine
of ringing wavelrgme t32€id i 4| didiBaf M AWstrdiighda SkaRehi ZfPashierd@ier m ned
to be the IO\gfr_llmcgeg_of t he .curt&'lent detection delay tine as is

i |1 ust r at ¥YAOENGNGRY HFonditeN: hat ParsIiGAuGtaRee BiGancelledle time till the
circuit being stabilized - the total fall tinme (the total fall tinme is a
time fromthe olfggate s3dpisiai dipgranm ilhestraging sa aguirag) meagerementned to

be the | owefydfbfint yAlet N cBLAIHMMEC WRheb&RALN oSNt ‘{1%09’5@&?‘1 ugrent is
securely neasure Hesg%tectghe elay ti Sr?\e]e %g c’éuorsse, ﬁw | ower n|Ctm{t val ues
are enpl oyéﬂc%ged;he m ni mum val ues, respectively. It is assuned that the
del ay such as acduisition tinme of the current detector 5 is detected as

bei ng i ncl uded Figemct34de$ ay,dibgransesefing measidesstemdinigs apeclbtomehipusi ng

the curre tar. 5 t _Fi t . 1LS:Dor hl e t hat
the rreasu;Btgﬁ‘ggéﬁo%fﬁggc%n%%Iéggequ%wa?ﬁel %8%%%%%5“04‘}’3{ h@l%:’%@k?@ Ecarri ed
out under naeasielj thedoopHating beCveem asshunt redsios andoameampdifiye not or 4 at
tile starting. 1~~ |.his case, the current value does not change, and the

PWM wi dt h does Tgue3nde.a Hhgireionsefudda uiicestaBdiiy ariididen which

per'f or ned. Thelrsrrﬁasure nt nust be.(ﬁearrl ed or&. at é hi’ starti né, ecause

f1 owi ng DEABGFISHEX A3t Shund; tesistar Side apelsamphifier |sidg DY£1Q5SHiE PO e t hat
t he tri anleeweenpashsnnesistdrethd sn amplifyagd for PWM wavef or m generation, and
that the nmeasurenment of delay tinme and the |ike corresponding to the

command of the @hulk BB%WGid{“gE{u'hemusWﬁfgr E%ﬁﬁitﬁ&gtm‘ia 1B is

detection_ are carried out at e rising sliope and_the falling slope,
respect i Vw_le1nented in parallel to a plane which is formed by flux;

Figure 37 is a diagram illustrating a conventional connection

condition of a signal ground of a current detection circuit and a ground of

a micro-computer;

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;



Fig. 26 i s a diagramillustrating the DC link current in the ' triangle
wave conparison nethod. Vn is an exanple of an output voltage vector. In
the triangl e wave conpari son method, two voltage vectors in synchronismto
one another are output within one carrier so that two current waveforns in
synchronismto one another are observed. Therefore, it is preferable that
one is used for phase current detection while the other is used for delay
ti me nmeasurenent. Thereby, the phase current neasurenent is carried out

wi t h nmeasur erenFigifretHbiden gjeatiicecisdmagiagrant Hhtstaiurgeaconditeon that

Put waver By oiie Bihds CE0yS BETRTSR B IBTRAPIERD FRLRRE b B RAA ot Ton

and ' thegosimdof amaiareesamputent are carried out within one carrier,
because synchroni sm as above does not exist. But, in this case, current

det ecti ontgpM@@e/f@schﬁm,@%/@hmhegﬁogﬁaﬁbly stoppi ng the phase current
detection and carrying out the delay tine neasurenent. An encl osed

conpressor can e gl yap 1té3fextriﬂ§\t5r?ltné)%\céor\éfﬂbﬁﬂ%féd%Wﬁ%, Bye 8?1?1%%. the
above notor driving apparatus. An enclosed*co ssor 155’ usual Ty driven by
t he positpbasesewygent detestionspadatusrofcnboediments acopedingrial thequesérdn of a

r ot or V\,itpl.g;étn hid.on sensor). In recent years, it is effective that
each of the at%\}gﬂg%ﬂgg‘l'nents is applied which accurately detects the phase
vol tage fromt hﬁ' DC* . i nkd.cur.r enig F_e ause the techni for defecting a -
rotational  29FFost t% drdigeram, Blusiaing an a%@emf&tgﬁﬁ%}n% t1B&r rent s,
and equi pappiratessary antinseheen Teylel Ppepkeséntsartdtdseshipoeiwespanhas an
ar r angenent tQat ﬁiam)tor t|s d%s‘ﬁ)oased vv!tt_hl na ,s.pace. in |cgh c?@l.ant and
refriger aPPIRPEYONRARE $PFLOL, BT & JRYGTIEL {RPRES, BEYIRESY Ut I REIDEnst ant

i s great econdiiort bhswitchifgpekiment€onsequently, it is particularly effective
that the enbodi nents of Figs. 8 26 are applied. Next, an enbodi nent is
descri bedTyhjech carries out phase current detection using a shunt resistor.
Fig. 27 is a diagramillustrating an equivalent circuit of the shunt

resistor. r gst strance, . n PEic i t re
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be |I's, anu-phasef maduenphase; oepeativelipe Jar ashti, cTy ndeepreses yeitedsingt es t he
el ect r onot.i r J- = i e t . Lhl r
becones g%leeglt?eeé@fgfrelﬁ\l%sygrrﬁisfggagﬁ%%o 1 ongél’t _,Hﬁgowtgﬂg%ef tlgglé%cct)ﬁrr@gﬁt he

great probn disbpadt ONirepregentseh capdidinrethaba ovitehigy ¢leawpné of\ancappeint such
as pul se gunr; -4 rd : j A ion from
s bhen R T phE GTARE 2 W igolfinBotenp AN A eP pE R hed OFE) O 1

i s illustHtldepresents. axpnditionsthahdeswiteBing elamentyof 2@ bpRer ABPoISexi st s

at about AUnkHEOFEYhd HalvikiRhs eWdBehfof AE6RRS 8ANAL thHRAENI es equal to or
greater than the frequency. When a current detection circuit is designed in

usual, noi se i spdagreanade b ies il ahbngnbaRHhh Al cBiBhsd 028TjsoT eat er

than the necessary current detection Bant et a pulse current Irs to be

rrpa‘sur ed, conneeiad bisweeni arpbaterminakbofin rechfericiroudgdi whith meeiwsisore, a

di sadvant ggeaqs i3] 7 {9ah ﬁ'xr@tgh/i rtﬁPééegﬁé(s&%\rzégér @eﬁp%ﬁ%@ctgﬂ'iﬁe SO

t hat accurat'e cdrrent neasurerent cannot be carrjed out in the shunt

resi stor Patalle) witbhespectoo thei Brsifdongienser 28. déhitput 96 thedhresuphasst

det ect | O”iﬁ\%éfélf 3 'i§‘§uﬁ?ﬁeé‘%ﬁ“§ RGbY 4".indArs%EbﬁHyco?MeBE&"BQ'iﬁ‘%oﬁnEbt’eHer to

the current detector, e filter canceling electronotive force due to the

par asi ti cin avallahde 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 5b
receives the voltage between terminals of the shunt resistor 5a as an input,



30 Fig. 29 is a diagramillustrating this circuit arrangenent of an
exanple. An RC filter is provided at the output of the slaunt resistor. A
condenser Cc and a resistor Rc for canideling electronotive force due to the
parasitic inductance Ls are determne;d to satisfy the relationship of CcRc
= Ls/Rs. Transfer function froma voltage generated at tlae shunt resistor
to tlae out put VO beconmes 1/(jc~CcRc + 1). Wien the transform function
where Cc = 0.1 e-6 F, and Rc = 40 Ois represented with a Bode diagram the
di agr am b8BSPEEPRISAE A8 RHRIGHICEIFUTEENY | ustrated in Fig. 30 so that it is
understood that a pole exists at about 40 kHz. The transfer function from
the current'|s Thetdfereuwheh dveohhge vattaromdVOianViealinesmyls of Rhe+ j wis)

ls / (1 + j,. ~ Rs + Rg) ,-.c~2LsCc nd ¢ acteristigs, bhecone f| at

char act or FIIPES #F COARGEd tfian 106 ot ie, S FE Hoviri itk YOIRERSOr31 and

al sof ]tc)ecojrm:remﬁngctoer ki;atmasixjﬁgt@rm?iti Ebeie’iniiﬁtgb feferredncy ast;gimsimageso g hat
no affecti.on dye to noise exist and that ase cur.rent can bhe ure
accur at el V.lnﬁlg'gtlsi%(?t W@l‘efﬁ%i}&%%ﬁ)t@gt 'cse\ﬂ?)ern %Y(thg?aﬁe%b 1%/ISEP’i Tobt ai ned
by det er nexamglé htheperminil of w-phaenoy thé anoryradms eonAbctetizp +ine of i s

| ower thap the band@ifm x,an*gl , flt%:‘-?iz re Uif d for the current getection
circuit. THePQWS WY M tFiiH an‘PeO §POASCS, @F B otar 4 aLe COpReyst '
?i ff er enceo betlisenof hhe hngei'r%ﬂuhBCchmget ﬁls?ddpplllie‘%éﬂlﬁendiy‘eb@@%ﬁ higir t he
requency. characteristics can shaped to esired shape by _having a

o1 1 oht s mit ARk s Mdsece i G BRARGER PG 5 BB ety Gain
| ow frequesspgctiaely)so as to enhance the rise of tlae pulse, by determning
pole > zero. Wien the shift beconmes too great, the shift causes neasurenent

error. Theref or §/hésh PWMr(hfuﬁeaWiQtH hdagiios) ieein 'léyéiﬁ,tlﬂﬁghﬂ@d'e g be
appr oxi mat e}é&géust.rre t wthi
r

({; t he range not .t\cl)wcau e rTEa_surerren,t error. In

the shunt?2 goris Celermimed hased | WhAn A SHH0 Wi @htipiohphioudputtipg a

neasur enenbltafe r vérdoNgvithin antaied. t Mherefore, Mhen khek ividtdge 8f @agponent
asur. ement th extrenely error and accuracy can

further, [ smal | th high ac

bl et or BBASE TS BERfu bt a7t & G ant et o ofaed ettt Vet St amae

Ls i sI cantieiedpetiadi Idousdspohdihgd ntld:izg. V6Ragmhﬂiféelﬁ_ﬁasut>etve?ﬁn vplyedesr n i n

actual us e nne¢cessary . 0sc at k.on.conponent .i s .cance .S

1 et ot DB S SRR BT R - SBRETTRRPE S5 HENG Sel) ppe el

good cur r entputeesltagneniows agugscblaglybyhappioliage veetos peougmtoso thdtt eri ng.
the voltage vector VO, V7 occupies most time period within a carrier, the

voltage vector V0O, V7 applying no voltage to the motor 4.

Fig. 2 represents a voltage applied to the motor 4, the voltage
being represented in two dimensional manner. A case is defined to be
u-phase direction that a positive voltage is applied to u-phase while
negative voltages are applied to v-phase and w-phase. V-phase direction
and w-phase direction are defined similarly. 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.



As descri bed above, zero of about several tens kHz nmay be generated due to
t he i nductance conponent which is parasitic to the shunt resistor. Wen a
pul se current having conponent of seversal MHz is neasured, a great peak
voltage is generated. Wen it is input directly to an active el enent such
as anplifier or the like, accurate anplification cannot be carried out or
very expensive circuit arrangenent nust be used by the affection of the
restriction in through rate and dynam c range of an anplifier. So, the
wavef or m Asidpnewd suflcieptfaematimiamigy theedifédticar o thavetmrithashaptdd to t he

the. act i veLr &t e i RERHIERT the. P0Rabe SR 08, PICHTE NEEXEKERER: Secbmes

possi bl e eonstant. t he above problens. It nmay be possible that a filter is
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noi se so neasur nﬁ EE ﬁ%?l IB ggne at ed fherefo&glfthls gflse is
reduced b y Z%I‘@@reg ad -1l ddPetidnatigy, refes to AasLilpd-referencedl case,
there exist a Irnlt in reducrnﬁ noi se based upon restriction in the size of
the shunt resi sByrtakiegwan aetnahcurepbdptectiont Bo GoasElaraGoR hdespps iaf i er ,
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det ecti onyagfsiitamhdcessdiRMee redtiibtiosd is a diagramillustrating
i npl ementati on arrangenent” which is not affected by n0|se due to qux
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from the paséndih té@ﬁégr@s%nt%rarumasgﬂﬁﬁraf ed in measurement current by

t he noi se curren arasitic resist ce on the mnrlng Noi se generated

in the input of r.e b vi di ng
sai d noi 56 cancAlingiaur Py RERHONGH e FRIEOR HRCHEGE: b

ar r'angenmeappaatus of Fegel we thati & thiod cendeiisey boissferthdu tpr ovtderdswhmh masy t hat
noi se cur f r ced
Ther of or ccopnetefgndrbua st R sk A2 Baehi 248t EIRPENTRN e bR,

ground oflcwrpecmtortzhecampanedemcmténaadttéxat tthecua@aanenherofaiﬂ]eoswoedd of the
Srunt resEsh@tnst*3h 95 eIIRLCR b 4T Omal®s PRREL fanlg® A event ed
from occurrence that § current f ?% roungpﬁ M%ﬁ

m cro- corrp\dueh @h&rﬂ;edeﬁ’msp@ﬂenﬂmalde@flob’hé bwgmalsuggeuw@lt@gm dutitdg it as
noi se, nn%rrent measurenent with accuracy can be realized. By
prOV|d|ng a co n node choke coil is prOV|ded as is illustrated in Fig.
flowing in the DHBIAGORr b TR o Cornbl? TE Vs ERAADS FRDEtice |5
preventedabooamggngﬁﬁm¢nua1eﬁhabﬂnmgnt|on of claim1 has characteristic

ef fect such that current 33 detection accuracy is inproved by preventing

ringing of curt g fiel InpESROANER OB AN N9 eBiitRE Ky ikeRatisect or
The invention o s characteristic effec hat neasur ement
error is GHERIN 2 ,d&mneébedle@mﬂledurommt mfeaaamademﬂnwburac@yrt@er Mssloved.
The i nvent,8ReRleChRisd & f@%ecé(]ﬂj’ 4eld fé i {eCs ﬁfé?]htﬂehéﬁt (11964 On of
resonance current 1s suppresse near y zero and can -ent asur ement
accuracy is inproved. The invention of claim4 has characteristic effect
such that the conponent of the ringing frequency is sufficiently suppressed
wi thin nmeasurenent error, and the current detection accuracy is inproved.



The invention of claim5 has characteristic effect such that varying in
wiring length and the |like can be flexibly dealt, and has effect which is
simlar to that of claim4. The inventdton of claim6 has characteristic
effect such that the conmponent of the ringing frequency is sufficiently
suppressed, and the current neasurenent accuracy is inproved. The invention
of claim?7 has characteristic effect which is simlar to that of claimb®é.
The invention of claim8 has characteristic effect which is simlar to that
of cl ai mthe inverteneistsuppliet tol thermotak alomgr dietealtage veaddr.ect such t hat

not only overshoot but al so undershoot are greatly reduced, and has effect

which is simlalhtgecbsd condense0Ba gs ?h‘@ﬁid_kdtl@ea‘ibyfﬁh@.Iidw;ﬁnﬂéﬂ@es)fofd aim 10
has character.i sti.c e%lf ct such that, affection af i nglqn&l s. reduced, and

current edRYSHCh ¢t Ut PIOECHIRgs ths ROWEHed§ Higeh: A e dpdppianeehas

char act er¢@poneht effonsudie tseabnaf tedeeroBades athensbwée ddviesdug to
devices is reduce and gurrent ?etectlon accuracy is inproved. 34 The

i nvent i ordgETIRedA8 STIAILAs RYSSIPiGr i stic effect such that delay time is

measured under a condition that current value does not vary and that PWM
wi dth does not Baegusesdhehdirstueonsienseiet 2etisors anndeassr ihavingr gvesd. The
inventio =2 S Ll L4 e .dgl te) IS
al vays meiaCah) renelCof MR Aotile Bbieril UG rEt Ctneier B BIOURED, Sy
i s i nproviddrd gpadensesrth BrloBE. cl ai m 14 has characteristic effect such that
measurenent of delay tine is carried out by stopping phase current
detection propeFig,7 snaldeagraantvhieh ech rowrateudiagyainsofi Figr 6Viegtaldsgn when a
system not havi gg s§rmet ry is eCrSIFI oelygg. @1? i(ﬁlventi on.of claiml1 Eas

char act er PSS U FESPRARS- ¢ plyducdgng M ChaFUSFO R afg GPRReed, 14
even whenbetwemnmrihesfickt comdeassio2a asd dhe vieind condenseredti.i on of claim 16 has
characteristic effect such that accuracy of phase current detection is

i nproved. The i RvRNEA@sBfod fAIM Bif. MeshahaisaahRed §§ igeneidteg heswebnt hat a
flat characteristic for,._a V\ndez rande is realized so that aﬁcuracy hase
d.

current déCedpfBRtanse; gbr @hdd 2cTRBY; fOBHINEH 6APRGIEANACIOThERE Rabat of i a1 ¢
ef fect suednddileraBd had thbahad esndenser 3! tike Wdiectaadd bl gnd 28l beingd so that
aceuracy 8fle an\%?‘rirclg "are ncton(gleetcteecdt between e rfi(xj'gtegéndenser 2a and the third
condenser 3b, and that a ringing current having a long interval and a great
magnitude flows in the current detector 5 when the capacitance of the
second condenser 3a and the third condenser 3c are determined to be

nearly the same (for example, about 1 puF) to one another.

In this embodiment, however, the capacitance of the second
condenser 3a is determined to be as small as possible within a range in
which the power devices are not destroyed by a surge voltage due to
switching, so that most of the ringing 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,



The invention of claiml19 has characteristic effect such that affection of
unnecessary oscillation is renoved, and has effect which is simlar to that
of one of clainms 16 to 18. The inventi2an of claim 20 has effect which is
simlar to that of one of clainms 16 to 19 by the arrangenent which hardly
generates error due to asymmetry and is cheap. The invention of claim2l
has characteristic effect such that accuracy of phase current detection is
i nproved. 35 The invention of claim22 has characteristic effect such

t hat accubemapsefthghresenance emraidtiecdistmbutedi topthey sdcomheondenstii da of

cl aim 23 ] I.. imlar to that of claim22. The invention of
claim 24 astlﬁgﬁgéfgﬁ{igﬁéé%gﬁfect such that potential of signal ground is

prevented fromyaryi degpite cuyprent flow ng in the mcro-conputer

ground, and accliheny s laa\a%téneaﬁtbﬁpddé@&dﬁ By Wising-Bebveen tRaiShvent i on
of clai m@dugeearand ge $iitd cehdamier 3¢ mbtoatphlaseraients, ahe REc6pdmon node
signal is prevent urrent . flow,ng in,the mcro-co utaa&% round is
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etects a urgent o .not. o ased upon a.curren a rin
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mot or S0, as riye the r . e apparatus is characterized in
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F_evikce (Se)lixfliixdﬂeddsjlv :abnmll/y' tﬂe_aglasingpatnhbn-o& Mt@msdﬁgehwndxﬁ)whané he DC
ink, is set as_s as_possi bl e in.arange,in which no power devices
(3) are b sOeRl & mAduiiR e dovieih ot cenL et ity Srne e
c]thr rent dem@azt ithe sippatian uthat sthen p@mmf T albu[;ica:cawaﬁdn tnhgne@t ON), plmag ebgur r ent )
of a noto - ed upo ren nd a yector tern to be
appl i ed, g?'ltglﬂ)ﬁ%?%% &’sﬁ %%P%&ﬁ&@géfl%‘é\ O?réP%tse(a?lﬁ({]/?ﬂB&gﬁ)eér%ﬁ E’ég\m‘?@ﬁf@uppl i es
out put ?] f comd ekt i3t o tasrto(dtetmintehthenetror di)tostheasesbnancé cartehe taot or
4), the S | [ N Ci f SS
Condenser O BApaL KT fes§ WHETAEBLEThE blBlm At PRAR S5RER o8 SumER i ¢
respect to a current detector (5) on the l.ink,.is set so that a current
on Fhe current %t%é?&%egsﬁb%@é U§ %%3&?@“9%&%%%@?%89’& Gy a "
Cogbi ned 8gphei 13@0?31@& can-teﬂt basa;dh@pmi@m@m(mdtzmeg dop tggllemémngquhel y S: dte
and a wiring i,nduct.ance hetween se, condenser , .becones edual to
or 1 ase +imd” FORRRRRE: AR SR \ah B SEOMERSEL ot s S o
get ector {éectd. SAmphage %nnermt tlme%?oti oOmpipaothers hasd aalthppgh aheas yvhikch
etects a e 0 : rrept o rin
and a vecrainRCe GIGRRL Bodyghtthe doweR e LictR o friecisy A0S,
drivi ng apheapedluyohiage Hodloppihigethecww wehingf the thPdkdondemsee3b(B)madet he
notor- (4 i a [ racteri zed in
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capacitance of the second condenser ga 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



37 devices (3) froma bypass condenser (2a) in power supply side through a
current detector (5) on the DC link. 4. A phase current detection apparatus
i s an apparatus which detects a phase 2urrent of a notor (4) based upon a
current of a DC rink and a vector pattern to be applied, and which is
provided in a notor driving apparatus which supplies outputs frolll PW
inverter (3) to the notor (4) so as to drive the notor (4), the apparatus
is characterized in that a Iovv-pass filter is provided to a current
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the filter is calculated from the value. The ringing amount Es/Vr to be

suppressed is calculated from the amplitude Vr of the ringing at tmin and

the allowable error Es due to the ringing. And, the ringing frequency fr

is obtained from the ringing amount Es/Vr.

Therefore, current detection accuracy can be improved by
determining the wiring length from the inverter 3 to the motor 4 so as to
make the resonance frequency to be equal to or greater than the ringing
frequency fr.



t he apparatus is characterized in that circuitry elenents are inplenented
so that the circuitry elenents are not affected. by noise due to nagnetic
flux generated fromthe shunt resistor2dand the DC |ink. 23. A phase current
detection apparatus as set forth in claim22, wherein the circuitry

el enents are inplemented in parallel to a plane which is generated by
magnetic flux generated fromthe shunt resistor and the DC link. 24. A
phase current detection apparatus is an apparatus which conprises a shunt
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109&' ()- 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.
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Fig. 21 is a diagram illustrating an arrangement of a motor driving
apparatus to which a phase current detection apparatus of another

embodiment according to the present invention is applied.

This motor driving apparatus is different from the motor driving
apparatus of Fig. 6 in that a LC serial resonance circuit 5c is connected to
the shunt resistor 5a in parallel. The resonance frequency of this LC
serial resonance circuit Sc is matched to the ringing frequency generated
by the wiring from the third condenser 3b to the power devices, wiring
from the power devices to the motor 4, and the motor 4.

When this arrangement is employed, the current due to ringing is
bypassed by the LC serial resonance circuit Sc so that the current detection
accuracy is improved.

Fig. 22 is a diagram illustrating an arrangement of a motor driving
apparatus to which a phase current detection apparatus of a further
embodiment according to the present invention is applied.

This motor driving apparatus is different from the motor driving
apparatus of Fig. 6 in that the current output from the current detector 5 is
supplied to a CPU 7, the port output from the CPU 7 is supplied to a driver
circuit 7a, and the driver output from the driver circuit 7a is supplied to the
inverter 3 (power devices).

When this amrangement 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 evefy 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 output (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 pus 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 us 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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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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is flowed to the motor 4 at the starting. In this case, the current value
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 1s 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 ijsIs' 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 + jwLs) 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 usuval, 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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ig. 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/(jwCcRc + 1).

When the transform function where Cc = 0.1 ¢ ° F, and Rc =40 O
is represented with a Bode diagram, the diagram becomes a diagram

1 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) —szch),
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
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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;lux 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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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 1llustrated 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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detection accuracy is improved by preventing ringing of current due to

resonance from flowing in the current detector.”

The invention of claim 2 has characteristic effect such that
measurement error is greatly decreased and current measurement accuracy
1s 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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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 l 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 1is
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.
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The invention of claim 22 has characteristic effect such that
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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What Is Claimed Is;

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 1s 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 1s 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 froon 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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devices (3) from a bypass condenser (2a) in power supply side through a

current detector (5) on the DC link.

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 vpon 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 (5b1) 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 (5b1l) 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 t:he 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 current 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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wherein the determination means 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 (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 compiessor.

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.



