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DESCRI PTI ON MULTI PHASE CURRENT SUPPLYI NG Cl RCUI T,
DRI VI NG APPARATUS, COWPRESSOR, AND Al R CONDI TI ONER 5
Technical Field [ 0001 ] This invention relates to
i nverter techniques. Background Art (0002] Fig. 14 is
a circuit diagramillustrating the structure of a
conventional nultiphase 10 cdrrent supplying circuit.
A power supply system 1 includes an AC power supply
13, and supplies an AC t ., L0 a diode bridge
2. An inductance parasitﬁ@hgggﬁﬁﬁmqpomer supply system
1 is indicated as an_inductor 12 connected to the A
pover MUEJIFHASE GURRENISUPPhE NG @R@W%Q@WW@&P TUS,
(ﬁgrforns full-wave rectification on the AC voltage
MPRESSORs ANT? MBLONBIEIGNERt 3 is interposed
bet ween the di ode bridge 2 and an inverter 4, and
output fromthe diode bridge 2 is supplied to the
intervening circuit 3. The intervening circuit 3
Tieplmlicaddseld capaci tor 31 whose both ends are supplied

-wWith output fromthe diode bridge 2. The capacitance

Yadald Thifintchtiorcmaed todnvérer sevhhiguesand sel ectivel y set
at 20 p F, for exanple. The capacitor 31 can be :
mniaturized by reducing its capacitance value 20 C
[ 00041A rectified voltage Vdc obtained at the both

BEsofid ARe capacitor 31 is input to the inverter 4.

~In the inverter 4, switching of transistors serving as

[bGoIWHiL G 109 BLEIER fnus&&ﬁlthﬁy @&ﬁr&ﬁ:e%ﬁ%o&%ﬁbﬁaq multiphase

out based on swtching signals™T,,, T,,, TWobtal ned

PR BB Bt KA Sy, B b 0, PSR sy 1
Q05],. . Th | Gi it .64 P i i {h hase.,. '
ESSGI TS SEiRlscul ' Bk L. 8, B o e

cur

P\é}%’gﬁ %J%Z)ly,ﬁyg%ﬁgi ?%{n@ida@lfi’ asanI i’ndgg{gr P EEALET% ﬁl%sz&(t:i p%r\]?ver supply

" 13 in series.

[0003] The diode bridge 2 performs full-wave rectification on the AC voltage Vip. An.
intervening circuit 3 is interposed between the diode bridge 2 and an inverter 4, and
output from the diode bridge 2 is supplied to the intervening circuit 3. The intervening
circuit 3 includes a capacitor 31 whose both ends are supplied with output from the diode
bridge 2. The capacitance value C of the capacitor is small, and selectively set at 20 u
F, for example. The capacitor 31 can be miniaturized by reducing its capacitance value
C.

[0004] A rectified voltage v4, obtained at the both ends of the capacitor 31 is input to the

inverter 4. In the inverter 4, switching of transistors serving as its switching elements of

the inverter 4 is carried out based on switching signals Ty, Ty, Ty obtained from a control
circuit 6. As a result, three phase currents iy, iy, iw are supplied to a motor 24.

[0005] The control circuit 6 is supplied with a phase 6 ; of the AC voltage Vi, the
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the notor 5. These respective quantities can be

det ect ed by wel | -known techni ques. The control

circuit 6 generates the switching signals T,,, Tv, Tw

based on these quantities. [0006] A technique is

known with a significantly small capacitance value C

of the 5 capacitor 31 and appeopriately controlled

switching signals T,,, T, T, based on the

af mepti oned, respectjve quantities, to.thereby carry

rs*i}fﬁre CORREE BT SWEFNLS Ty byhiw, §w§ f EPfAHRN POHEGHING!E O m of 2 rotor of

tppgrein referred to as capacitorless inverter control. )
&0tQrah 5 cThesP Irespsclivey gpandifics gar bg| detgeteswby Mii-known techniques.

mniaturization of the overall circuit including a

Thgsaetrel sircuih 6 ganerhisy Shersavitching signaly s Te d5it basedior thesmquantities.

as caonpared to an ordinary circuit that 10 includes a

{0t InAnigeloiigqueuist kdon ovith39 ignificastipwmallncapacitancd FamadC of the

16, respectively) instead of the intervening circuit

c8pacitht Bé dndeappromidielpgeonirolied tswOling digtads T, sTROTHitaged on the

| ar ge- capaci tance capacitor CC and a power factor

atarementtioned resactiiar qldntitichleto hapbei dadfy 8&SAINET é@iversion.  Such

~control is capable of suppressing a power factor

sivadhiag | EohtdN fsherdd®@WRITerBddPRbY a$i EHpaditdrROYt inkedrNGohtfol.  The
use such power factor correction réeactor LL.. And 15

c?ﬂcit@rlés@ e BRPESNRA a8bH/S Yol mgudisiton &t thd 6lise %ﬁ'@uit including a
iode DD and a transistor QQ serving as a swtching
c?ﬂ;}&%dtaﬁ ihd, 91;12 RRRREL SF iéerdglf@i(;n astcl&ﬁg)%?e%qs 'ah%ﬁ‘c!liﬁﬁ‘? circuit that

verter contro capa Suppressi ng power

SR ARG 0 B P 95 T DBRL 1, o

.di.sgl ased _j n a.non-patent. . docynment 1. far . le. In .

i o R By Wl e tine Rtou S By fhoothing
a rectified voltage th(?t pul sates widely with a

IS BRAPCR | FeRaETIohy @8 wfrabhond’ dheipr grorfetion roactor LL,  the
sinqjﬁgphase AC paower supply. Yet appropriately .

PRSP SRVEERF £l ds icAPahie of sumpressing-a power tagiog geduction on the

phase AC currents to be output. The non-patent

ravweiLsHPRtY sidq withewlt hayingnigtuse whethpowerpleetor gorrection reactor LL.. And
si ngl e- phase capacitorless inverter control, a power

whale ttlesr sthenthiag fcaro it 302 durtler draclades $i7diodeoPDnanrdea twhmsister QQ serving
maxi mum val ue of both-end voltage of a capacitor is

a$ wi svatcbmgnaerment to2formi aichupper atingeit, the capacitorless inverter control is

capable of suppressing power supply harmonics without having to use a chopper circuit.
[0007] The capacitorless inverter control is disclosed in a non-patent document 1, for

example. In the non-patent document 1, an inverter is applied with a rectified voltage

that pulsates widely with a frequency almost twice as much as that of a single-phase AC

power supply. Yet appropriately controlled switching in the inverter allows three phase

AC currents to be output. The non-patent document 1 indicates that, with respect to

single-phase capacitorless inverter control, a power factor has a favorable value of 97%
or more when a maximum value of both-end voltage of a capacitor is twice or more a -

minimum value,
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(0008] A patent docunent 1 is also cited as rel evant
to the present invention. [0009] Patent docunent 1:
Japanese Patent Application Laid-COpen No. 2004-289985
Non- pat ent docunment 1: |sao Takahashi, "Inverter
controlling nethod for a PM notor having a di ode
rectifying circuit with a high input power factor"”
The Institute of 5 Electrical Engineers of Japan,
@k@ng} Conf erence .i.n 2000, 4-149 (March 2000),

1A ngte dagyment As alse eifd a5ielepent g therpresent invention.

ion%ﬁlvable that a Ilghtnlng surge nay be superinposed
Henicdocamept | Japapssedintant efmplln@uqnmdﬁm dlo. 2004-289985

current supplying circuit adopting the capacitorless
i nver t ¥pn-pagnt dequmsnt dslseke $akdhosld, ‘Apwerter cPhinel)ing meitwd for a PM
desirable that lightning protection neasures be taken
niader havengraviendesepplyingspstis with a hhlihpht péveer fadtoi”s The Institute of
circuit diagramillustrating a structure in which a
HigotyitahEnglina¢rs ©f fapan,/Natictial Obeferpaseth 20001419 (March@000), p.1591
supply system 1l and the diode bridge 2 in the
mul ti phase current supplying circuit shown in Fig.
14. The di ode bridge 2 thus receives the AC 15 vol tage

| D¥sclosuM 6f Thtdéntionght ni ng arrester 7. The |ightning

arrester 7 functions as a peak-val ue suppressing

sand if @rcoﬁéﬂ?%b?éﬁﬂaf‘agl\@qtﬁlﬂé ?ﬁr&\ié%lat bs@ﬁ‘?ﬁ B power supply

upon the AC voltage SSI n I'S

s:fbi"fé?ﬁ‘g{1%@%%&1gﬂmg%€sﬁpﬁ‘§qugﬁéﬁ? %(}]0 tlwgecﬂe Q%pacn?rless inverter

surg
CRRLIo] %g]tq%mr@ég :!)?% IgZT ’s?%’talgﬁgs%a %@%.F gi’glﬁﬁqufopef S {gc%% measures be
d t t hi | ati
558 FenhEbo VB BRE Yem Tn i ch the. AC pover suppl y 13
? : si,nusoj, dal Ita e having a frequency of
E@ﬂHj a]%‘ﬁdlgﬁ %?W%Ml%mv & 3 yigucjite Jp vhieh a lightning arrester 7
%g%nlng urge of several thousands of vol ts having

&4 befeyegn ghegpawer serply pysiene | apd dhewdlioge bridgend lrpféla Iznultrphase
of t he sinusoidal votlage. The sinulation was
cyyant SppRlyingycivmlitashepni ingFigadd. sThodioda hiridged: thus geives the AC
Lo of the parasitic inductor 12, but the value may 4
voltage Vi, via the lightning arrester 7. The lightning arrester 7 functions as a

peak-value suppressing means for suppressing a surge voltage superimposed upon the AC
voltage Vin. |

[0012] Discussion is provided about damage to the inverter 4 when a lightning surge is
superimposed in the power supply system 1. Fig. 18 is a graph showing a waveform 101
of the: AC voltage Vj, and a waveform 110 of the rectified voltage v4.. Herein, this
simulation was performed for the case in which the AC power supply 13 generated a
sinusoidal voltage having a frequency of 50 Hz and an effective value of 270 V, and a
lightning surge of several thousands of volts having a width of 50 s occurred in the
vicinity of the peak of the sinusoidal votlage. The simulation was performed by

adopting 230 1 s for an inductance of Ly of the parasitic inductor 12, but the value may
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actual ly vary dependi ng on the power distribution
circunstances of the area (the | engths of power

lines, difference in |eakage inductance of

transforners). Twenty u F was adopted for the

capaci tance value C of the capacitor 31. The

assunption is that the AC voktage V;,, was clanped to

800 V by the lighting protector 7. 5 [00131 The

waveform 110 of the rectifij.ed, vqltage v& al np

AR ITY VABISACRHIng B the BORFTFbEHOR FReumRStnees, 6] %@éea\x;the lengths
- until imrediately before the superinposition of the

of | RAYYEH Wepss difaency oin leakagsaindygcigyce, of itrapsfarmersle (Tygnty w F was
250 V after the superinposition to have a peak val ue

adopted dorge G@I@ﬁCW@nWW@hl,er&) e theesapheitan311.0 The assumption is that the AC
rectified voltage vdO coincided with the waveform 101
vgftageh%mms\sc@nmgéo 800 V tyghe hghtimz pretecaded due to 10

current flowto the inverter 4. After that, the

{6013 Tde wevefarge N6cofdild reatifidécrobiage vas alnowt caimcided with the
AC voltage V;,, but had an al nost constant mninmum
viekfoem MHeofcthp AC valtage 35, witiviemiediatdle befk¢theGapérimpossifon of the
that a maxi mum val ue (w thout considering the surge)

lightnfin}e surge,C¥dt fih@ase® Iblaf EtMdRhobs tHai 250 VrafidP iR Superimposition to
m ni mum val.ue during operation, thus attaining

- hepes ?Iédkofhlm! kel 800 POWEheh AR Yavefdrn I l@gﬁﬂ’le]rgéfﬁﬁﬁ voltage vq,

t he ghtning surge is applied during standby f
OREIRE | With Ue WaGetoRY S0l S u i 1ol ai0 Ok df
cf romthe capeaci {or 3?0:10&; ﬁlg ‘f‘r@]:vgélt%g% Wf‘ a%%’ﬁs%nr?gh% eased due to

cﬁﬁ@ﬁ? ﬂ’o% H)eth? %ﬁgldti. n gAﬁ%odé%{t h rg&if{éﬁgv%ltgé%@; gﬁdrheot decrease as low

superinposition of 'the ning surge.
hayi d | t .0f about 600 V .
o P AT Uhiagl ¥ P AP ot e CGp g 0., dapacitoress

.inverter. circujt. 4 for the purpose of its . .

L ardinPBliol S A0SR VSR £ o prsidieing i swee) of the
a_lightning, surge. upon the AC_voItagg V;,, as o
rectifigd (volipgsq Vitnts Ew.e Of FUORS BRIy Nalye duripg epergtion, thiseattaining

occurrence of serious damage to the inverter circuit
operaljemwitharhighpowadades-on in that val ue by the

b&gﬁtning arrester 7. [0016] However, this phenonenon

4 ] Weni the lightningsniasis apidred glaring standby fov eperstion of the inverter 4,

circuit 4 when the capacitor 31 has a |l arge
caragsd cwillaneteflowl foem Ghe Rapacitd® 3il stoathg riapdrtes g wianging Iiee peak value

25 waveform 101 of the AC voltage V;,, and a waveform
exdcktding 600&/ tocteethefd sftertied supgEmpdsition of the lightning surge.

[0015] Components having a breakdown voltage of about 600 V are often selected for
the transistors used in the inverter circuit 4 for the purpose of its miniaturization,

Therefore, the superimposition of a lightning surge upon the AC voltage Vi, as illustrated

-in Fig. 18 means a high possibility of the occurrence of serious damage to the inverter

circuit 4 even with the reduction in that value by the lightning arrester 7.
[0016] However, this phenomenon does not inflict serious damage to the inverter circuit
4 when the capacitor 31 has a large capacitance value C. Fig. 19 is a graph showing the

waveform 101 of the AC voltage Vi, and a waveform 111 of the rectified voltage vqe.
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5 Unlike the graph shown in Fig. 18, the graph shown
in Fig. 19 indicates results of sinulation that
adopted 9001z F for the capacitance value C of the
capacitor 31. In this case, the AC voltage V;,,
increases to 800V while the rectified voltage vdc only
i ncreases to about four hundfed and several tens of
volts. Because of the very | ar ge capacitance 5 val ue

.the rectified vo vas mai ntains, al st t he
Uik i e haoim, Bt el by thS. eragt g i erqﬁra?f;ﬁ resuls of
of the surge occurrence [0017] This_is attrl but ed t
sinplatioqcthay gigpted S0 forhe prrasEaNcEafalie € of discrapacitor 51 o this
smal ler, a charging current is flowing to the
cempthei A voliage,Va 1ngeases uBOGY maiile the tﬂﬁ@ﬁtfb"@ltﬂgﬁg’hd iy gncreases
surge causes a higher voltage to be generated at the
tq apad ifowrhadredrnd sgMerehtsns wgy,oltr;.t Besau® ofcheivenydlatgs capacitance
suppress a voltage increase of the capacitor 31 due to
valuk i(§ Hhereegfisdivgléage v, miatidaing elnpest ther prak hvelue of the AC voltage Vig
capacitorless inverter control having the
eadept antavicatgdfakyvangogearrendd00181 The present
i nvention has been made in view of the above probl ens,

bowl 7] ashighs ataitiuese totthe RicOWHatl@s thel RphitiadeevAapaietombs smaller, a
perform ng the capacitorless inverter control wth

gmgfduﬁeﬂttﬂ ¥loWiRd to #RRAPAdIRINCE @& 1 SiBRABHARY 2 idhe 3 a lightning
ervening circuit even with the 15 superinposition

sﬁfge %allléeg RiUHE vSikla80 bE %gﬂrg'ltteh Ryt thel dabﬁ&to?‘%g e CPutoeInoﬂ}]er way, it is

t1 phase current” suppl®ying circuit according to

éqr;ﬁa& q% suég}gs%% g&raage IH&eQ;é' rﬁ%aac%gaarar rﬁ”&uest%pé’ hléh@%g surge in

Cl I CcUi eak-val ué ‘suppr es

of i Pt fe Ebatliondi Flvedt? %Pﬁrgéﬁ%‘éngn@%p tfér'a” rOéiséAﬁ‘@amages

saoarmr&%ea G RS ATICER ST A 20,985 s

romthe AC r supply Vi a t he peak-val ue
gﬁaﬁp SLidre s feﬁpﬁJ%‘PfOé PRAtPTITINg fen AEPRGIOFIcEs @&%ﬂ%ﬁontml with
on_the AC voltage; a capacitor (31) receiving an

‘signiisantly ﬁ@ﬁ%ltqaeafgra@@rp obR eApgeiday; ingpn iiffoweniag quppit even with the

recei ving a both-end voltage (vdC) of the capacitor to
supgripyositign of p igbmingGuege rents (ia, iv, i.); and an

i nductor (32, 8) connected to the capacitor in series.

k0018 lma first aspeet offa multiphase current supplying circuit according to the present

invention, the multiphase current supplying circuit includes: a peak-value suppressing
means (7) comnected to an AC power supply (13) outputting an AC voltage, the
peak-value suppreseing means suppressing a surge voltage superimposed upon the AC
voltage; a group of diodes (2) receiving the AC voltage (Vi,) from the AC power supply
via the peak-value euppressirlg means to perform full-wave rectification on the AC
voltage; a capacitor (31) receiving an output from the group of diodes; an inverter (4)
receiving a both-end voltage (vq4.) of the capacitor to output mﬁltiphase AC currents (iy, 1y,

iw); and an inductor (32, 8) connected to the capacitor in series., A maximum value of a

pulse of the both-end voltage is twice or more a minimum value thereof.
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25 pul se of the both-end voltage is twce or nore a

m ni mum val ue thereof. 6 [0020] In a second aspect of
the nul ti phase current supplying circuit according to
the present invention, the nultiphase current
supplying circuit includes: a peak-value suppressing
nmeans (7) connected to an AC power supply (13)

out putting an AC voltage, the means suppressing a

: vol t age, superirposed.upon the AC vo]tage;, a .
[OtGRT Tore secnd, bt o) B Buliintiang chRen AEPRBRE A L gecording to the
fromithe AC %\Ner s,ugpl y via the peak-val ue,

PESHPr BYSHg. faanyultiphpss; ForeRts SIRRIVIAG ecifcut includsst gnpeak-value

- on the AC voltage; a capacitor (31) receiving an

- Senprgseing peshs { Necognenigsl of angfGorasver supply <13 )ayipwtng aBAC voltage,

connected to the capacitor in parallel; and an
thermesns suppr4ysing e sixgenplagd superanpbsed lupaiy the ddeYoltiges hegroup of
capacitor to output nultiphase AC currents (ia, i,
diodes (2) Aearimsingrtim AGIvoltagd (G pfromethefAG hewdOsupplyhvienbk peak-value
voltage is twice or nore a m ninum val ue thereof, and
suppeesking sieahy pagaformcfulldesve @ctificatiah o8 ahnACY validgefa eapacitor (31)
resistive elenent (Rs) and a capacitive elenment (Cs).
recORdhllad Rugput Hrdrd tﬂ@ng?@%p of dibéesmal fitsP hIp&sCBBY @dhnected to the
supplying circuit according to the present Invention,

cdpacitdiSn RGNA aRPREEVertd8) fdcERindY PAB2nd 33])taée({{/%j‘§f the capacitor
includes a diode (Ds) connected in series to the

'S BB IR Y O i Bhodn v o FeRGEB p pys of the

R8BSR Y bl R, Bl it s e

= SERP St e RgsuT e e PP e et L
Do o BERSERE Ses BBlHeRF i dorimg o e

PIFOTE S U, PR PRale gpPet S Ry Rihey pgcs a diode (D9
vol t age superi nposed upon the AC voltage; a _grou of

commgeted i 3§rigsetoethyi regisi Yo clamepb (Regand( the capagitymelemenin(Cs). A
power supply via the peak-value suppressing neans to

digestip fient @ Enadavie areaghddeiofdhe divdesombislen\@ithad diseption drom a high

capacitor (31) receiving output fromthe group of
paiewiié side o 4 lave potontird skle (3 Be eapacitet ed to t he capaci tor

[0022] In a fourth aspect of the multiphase current supplying circuit according to the
present invention, the multiphase current supplying circuit includes: a peak-value
suppressing means (7) connected to an AC power supply (13) outputting an AC voltage
(Vin), the means suppressing a surge voltage superimposed upon the AC voltage; a group
of diodes (2) receiving the AC voltage (Vi) from the AC power supply via the peak-value
suppressing means to perform full-wave rectification on the AC voltage; a capacitor (31)
receiving output from the group of diodes; a first bypass (33) connected to the capacitor
in parallel; and an inverter (4) receiving a both-end voltage (vac) of the capacitor to output

multiphase AC currents (iy, iv, iw). A maximum value of a pulse of the both-end voltage
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in parallel; and an inverter (4) receiving a both-end

vol tage (vdc) of the capacitor to output 25 nultiphase

AC currents (ia, is,, iw. A maxi numvalue of a pul se

of the both-end voltage 7 is twice or nore a m ninmm

val ue thereof, the first bypass includes a seria

connection of a diode (Ds) amd a capacitive el enent

(Cs), and a direction froman anode to a cat hode of

.the diode coincides with a direction froma high,

I, SiehPs mPrest My, vals,fhersp b ihe frst bypss rcludena serial connection of

capacitor. 5 [00231 In a fifth aspect. of the

a,figde; (Bshand & ganagiive siemsny (Gr), 1d e direction droniamgnads to heathode of

present invention, in one of the second to fourth _
thesfede eoineides withtai ditestion fony e highspippitial sige te iarlowipotential side of

further includes a second bypass (34) connected to the

theagapaditonr (31) in parallel. The second bypass

conducts when the both-end voltage (v& exceeds a

{0028 Inpa éifidt avpeitnefithe ahuleiph@sccunent SYPPeE Sirvlie Acddiding to the

bot h-end voltage falls bel ow a second 10

pasedénentbndd onabfithessinkdas fokeNaspbas,fthé sfultiphase cutrrﬁnt supplymg

predet erm ned value. [0024] In a Si xth aspect of

ciitilit fidthes thefildlel @MNec PRI pUtNGB 4G ichfdcledat GRE Qéﬂ&glt&o(gtlyﬁ parallel.

present invention, in the fifth aspect, the seco

- TRY P&=dnd 38ypasd Ccl:dﬁ‘aﬁéts Awhes! #e0 rbo?f@%dh v\?ﬁt: Cﬁ/\é\" t &chgtg\l a first

connected I'n series to each ot he urns

%@t@nﬁfﬁ@d Qfgfug Eﬂfnoﬁ’ ‘%ntdggt? v@ﬂe%cthg%)é%ignqis}/é%g%% {ﬂgsslgelow a second

pr edet erm ne urns

R R S

n rcuit ording. to the esent | nventi
PORE Al b Sty SETR Snd® yen: Birpbing e}ra%éccoaélng to the
eak-val ue SSIn ans 7) connected to an

1%5%5 ,lnvgagglp 3}11 Lgl%l%b ns&ccg}(gl ) @aq,sdﬁfl)a@g udes\,a res,stor (Rg)and a

neans sup reSS|n% a sur vol t age superl osed
SR OB IREIOR i B 1o capbeihone Bie Sribhdome gN when the both-end
recei VI ng the AC voltage (V,,,) fromthe AC power

veliagp| (Yaoy icacaci® thye fitst \pafrd@termqupvaé% iand tmwarQFF ovhen the both-end
performfull-wave rectification on the AC vol t age;

- veltaga dalisdiel (v ihe secqulgiredatgmingdoedluet r om t he group of |

di odes; a first bypass (34) connected to the capaci tor
[0025] In a seventh aspect of the multiphase current supplymg circuit according to the

present invention, the multiphase current supplying circuit includes: a peak-value
suppressing means (7) connected to an AC power supply (13) outputting an AC voltage
(Vin), the means suppressing a surge voltage superimposed upon the AC voltage; a group
of diodes (2) receiving the AC voltage (Vin) from the AC power supply via the peak-value
suppressing means to perform full-wave rectification on the AC voltage; a capacitor (31)
receiving output from the group of diodes; a first bypass (34) connected to the capacitor
in paralle]; and an inverter (4) receiving a both-end voltage (vq.) of the capacitor to output
multiphase AC currents (iy, iy, iw). A maximum value of a pulse of the both-end voltage

is twice or more a minimum value thereof, and the first bypass conducts when the
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in parallel; and an inverter (4) receiving a both-end
vol tage (vdJ of the capacitor to output nultiphase AC
.currents (ia, ii,, iw. A nmaxi mumvalue of a pul se of
the both-end voltage 25 is twice or nore a mni num
val ue thereof, and the first bypass conducts when the
8 both-end voltage (vdC) exceéeds a first
predet erm ned val ue, and non-conducts when the

d volta?e falls bel ow a second predeterm ned

bot h- en
- bolhead SpAEe Ve RaFPeEhE TR redetgiiged salenand gen-ernducts when the

[0026] In an eighth aspect of the nultiphase current _
bothypnd ivieljagy delly belavt 6r asqegd t pred¢termigedhrvabisnsmaller than the first
invention, in the seventh aspect, the first bypass
nsiefermimsdpglis. a resistor (RB) and a switch (Q

connected in series to each other, and the switch

t{G026] Ghambightht dspedsaif Hacemaltiphate ayen{ wdiplyng edst adeerding to the
first predeterm ned value, and turns OFF when the

fhreseht ianehtioupintthg seveathl Spdeg| thevfitdh Byseds (31 imyledistaqestitdLRy) and a
value. [0027] In a ninth aspect of the nultiphase

sOitch €QY conhRpled fi Gerftst6 hdh ABEQBA @ Svdtch@rms TN RWRE @ both-end
invention, in one of the second to eighth aspects, the

viuthdd BRASEceds 1RO tirstUpRlstbined VARY! ind HEAOFF Rhkd 88&Sboth-end
an 1 nductor (32, 8) connected in series to a parallel

' f ok d the first b
BRI 09yl LGuEBRAEER Rk B e 11Tt bypass
g?ﬁfﬂt fh aniﬁtﬁ%sﬁ]élt to'f@@ﬁl%ltfpnﬂeagee Dl %B‘;}%ﬂg@g cﬁfﬁ:\{/lgcr 'cécr)rding to the

t he present vent1 on, capacito

By A S s SR BASE Bl st
BT S s Re L5 b 207 il cometon o

articul the diode allogws _a reduction in power
??QE‘F\‘HF?%@ %H&léf‘rﬁﬁb"mss Gpefdkion. [0030] According

io ng fifth and seventh aspects of the nultiphase =
U038t ccordipe {q thg firstdo ainte aspects of theanpltiphass cumantappplying circuit

in particular, control is performed with the both-end

of ohe ayesenbtinesngiondithey caprsitoilesst inyersere central nwith veipuificantly small

capacitance of the capacitor can be performed even with the superimposition of a
lightning surge. |

[0029] According to the third and fourth aspects in particular, the diode allows a
reduction in power consumption under normal operation.

[0030] According to the fifth and seventh aspects of the multiphase current supplying
circuit of the present invention in particular, control is performed with the both-end
voltage not exceeding the first predetermined value.

[0031] According to the sixth and eighth aspects of the multiphase current supplying
circuit of the present invention in particular, the resistor is connected to the capacitor in
parallel when the both-end voltage exceeds the first predetermined value, thus slowing

charging speed to the capacitor and suppressing an increase in the both-end voltage.
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[0031] According to the sixth and eighth aspects of
the nmul ti phase current supplying circuit of the
present invention in particular, the resistor is
connected to the capacitor in parallel when the

bot h-end vol t age exceeds the first predeterm ned

val ue, thus slow ng 25 chargi Ag speed to the capacitor
and suppressing an increase in the both-end voltage. 9

1, A.drivin pparat.us_.includji ng the nultiphase . .
g@%@éﬁ? HB‘EWP%S%E i"}“i‘iﬁ“ﬂg ﬁ‘&%?‘ﬁ?%g FB“S‘H@“BHIY’?‘ﬁ gireuit according
first .t i nth aspects, and a notor_(5) supplied with
13 RS 961165 BFRIGB TRE URGBTE § FBPIOT () suPRjech ghin e Multiphase AC
obt ai ned. .,[.0033] A conpressor including the above
CHFFRES Hey ba bS8 06 Sb8eddr i ven by the driving 5
ZE aratus can al so_be obtained. [0034] An air o

ili Acesipresser ingluding: the ahovs driviogpppareius andddven by the driving
cooling or heating air by adopting a cool ant
apparpite saredsobe oltainednpr essor can al so be attai ned.
0035 ] These and ot her objects, features, aspects and
0] t Ay ais cariditiorer probsiug the mbevd ¢ampressiot,lant ecsling orbesting air by
apparent fromthe follow ng detail ed description of
atidygingraaselant cokfipresied by itltecontiabssbakenulédbeatinsdct i on
Wi th the acconpanying drawi ngs. Brief Description of
(oGBS Moese[aB@ 3fter bhjetts, fédtuies, &peits Gl AdvlhRYEASN the present invention
illustrating a driving apparatus according to a ?lrst
vxﬁ]leée%ﬁlﬁdmﬁf@‘agﬂbdf&ﬁt fom e f@!&aﬁﬁgtdétﬁléﬁnhésgﬂ{ati&? of the present

[Fig. 2] is a ock diagramillustrating a detailed

ifVehtiG Whéh Akerint@RfdnRliod Witk 4 liflo dilwihgs, @
1ci rcurt di ag? alrrrlw [ iustl?lgﬁtﬁgh%%cgogﬁp%l&? re 6#553

lightning arrester 7 together with a power supply
system | and a diode bridge 2. [Fig. 4] is a graph

'ﬁiﬁﬁﬂ Q%ﬁmno?ﬁrat.i on according to the first preferred
erod! NeRt o

{e],,'vgn& esent invention. 20 [Fig. 5l is a
' it.di,agramillustrati t he drjiving apparatus ..
&@%ﬁgﬁ@'ﬁﬁs & cyrevit dingtam fIlfprating £ drigngy 4@%@“&@@?@@%&0 a first

enbodi nent,. of the present invention.
| prertléorre% er;nPbodnnent 0 theppresent nvention.

-[Fig. 2] is a block diagram illustrating a detailed structure of a control circuit 6.

[Fig. 3] is a circuit diagram iilustrating the structure of a lightning arrester 7
together with a power supply system 1 and a diode bridge 2.

[Fig. 4] is a graph showing an operation according to the first preferred
embodiment of the pfesent invention.

[Fig. 5] is a circuit diagram illustrating the driving apparatus according to a first
variation of the first preferred embodiment of the present invention.

[Fig. 6] is a circuit diagram illustrating the driving apparatus according to a
second variation of the first preferred embodiment of the present invention,

[Fig. 7] is a circuit diagram illustrating the structure of an intervening-circuit 3b

adopted in a second preferred embodiment of the present invention.
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[Fig. 6] is acircuit diagramillustrating the driving
apparatus according to a second variation of the
first preferred enbodi nent of the present invention.
[Fig. 7] is acircuit diagramillustrating the
structure of an intervening circuit 3b 25 adopted in
a second preferred enbodi-nentifof the present
invention. 10 [Fig. 8] is a graph showi ng an

oper at ccordin o t.he second, prefe
enbodi I:Fgﬁu SR 8 il SORE ARvRRFTAIOH anszdrgﬂg &) thegsegond preferred
% gh sh%ng an qQperation according to a first
P f Present IRERHAY preferred enbodi ment of the
present invention. 5 [Fig. 10] is a circuit diagram
i || ustlFig- |5Hngt%€faﬂh ishoWgE Avpapartinn agsewting tya tfisstavariation of the
second variation of the second preferred enbodi nent of
s¢aend prederead erpbpdimentof the iEpsgnt invpnfien.a gr aph showi ng an

- operation according to the second variation of the

secondFig.ef(dris ectireni dlitigrentillosirdting the deeing dpparenisiaetording to a
[Fig. 12] is a circuit diagramillustrating part of

secord maridtiophdsies wuondeprefent eaibppinyénd gf thepeesetit invaRiodi Ng
to a third preferred enbodi nent of the present

i nvent{ifgm . 11]] £ g grapBlshbwing 1 bathtiordh@eFdB 1o the Sbdodltivagiation of
part of the nultiphase current supplying circuit

tiRGeandipieretred Eﬁﬁo&ﬁiehﬁofﬁh@%ﬁésérﬁ%@éﬁﬁ@ﬁ“ ment of the
pl' esent I nvent| on is acircuit di agram

illust g §dhe §itr&ﬁ'@td55 11&3&%?5% ff_ilthe nitgﬁlphase current

mul tip ase current suppl ying circui

AR L i

glo:nsgln[@: ggng:ﬂr ?g;%{):oll ﬁ'ﬁth éhag arngu}lf' %n'TStH ugt %ge 5nu1t1phase current
ipph A iR o BhEg pitsrrrgodbe teﬂtr et 35166 pigssny investion

l'i ght ni.n rester, 7,
g rﬂ’lgg ﬁ{] 1s a circuit diagram illustrating the structure of a conventional

multiphase current supplying circuit.

[Fig. 15] is a circuit diagram illustrating the structure of a conventional
smoothing circuit.

[Fig. 16] is a circpit diagram illustrating the structure of a conventional
smoothing circuit.

[Fig. 17] is a circuit diagram illustrating the structure of a multiphase current
supplying circuit including the lightning arrester 7.

[Fig. 18] is a graph showing an operation of the multiphase current sﬁpplying
circuit including the lightning arrester 7. |

[Fig. 19] is a graph showing an operation of the multiphase current supplying

circuit including the lightning arrester 7.
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[Fig. 18] is a graph show ng an operation of the

mul ti phase current supplying <circuit including the
lightning arrester 7. [Fig. 19] is a graph show ng an
operation of the multiphase current supplying circuit
including the lightning arrester 7. 25 Best Mdes for
Carrying Qut the Invention [0037] First Preferred
Enmbodinent Fig. 1 is a circuit diagramillustrating a

drivi aratus according to a first preferred
B@ﬁ’ol}ﬂljﬂa%eﬁgaalfry‘lnﬁ@%lt ¥enti9%venti on. The driving

E(?arat us includes a notor 5 5 serving as a driving

g %7,] et Bseferred Eptadiensstir r ent suppl ying circuit that
supplies nultiphase currents to the nmotor 5. [ 0038 ]

The nuFig ghiaseciryitrdisgramyiblosyiting « iriving tapparetus desording to a first
di ode bridge 2, an intervening circuit 3, an inverter

- preferme embodiment ofthé pre@entdnversioni gihadriging mpparties iftludes a motor

The diode bridge 2 is connected to a single-phase AC
Spsumeing saspp | dyivings patm dndv b amtihiphhdeghirfent gufflyiap r dstnir thd; supplies
and perforns full-wave rectification on a single-phase
mARiptelsé ageentd to,the hber 5par asi ti c i nductance of the

power supply system 1l as nentioned above is indicated

foo3] THed wallihads c@ﬁeﬂe@gﬁ?ﬁmg Bt ACIRAVRE $URBIY bldge 2, an

in series. Two hundred an irty u His adopted for

Hﬂef(r@fuﬂg ckRuiel3, kR RAEASI § icBrdrHIAUFLANE _ed%'\d %Ol@%iﬁﬂin-grré?rester 7. The

di ode Bridge 2 has the full-wave rectificatfon

d{dﬁg%&g 8 i@E%nQ@IE(i & ﬁnﬁ%a%%% !At%‘(;ﬁeé %ﬁ;ﬁ:{l@%&&h 187 B lighting

vol t age to i [ enl ng
. T . ! .. i3 q
Attt o neffofins F RRYE ARG 8L & ARG Tolmmsyym The
el R Sl P S0 REns® SHRTR &R cEmoBiones dbgypeis ingigeted as an
Bt TR BRSSP B i SR T S iy
the inductor 32 and the one end of the capacitor 31,
Hdﬁad‘apt?é%qriar‘f L1 kA patautic MAWRERIE- i s bot h- end

ol taige of the capacitor 31 is output to the inverter
0039]" The diode bridge 2 has the full-wave rectification function, and performs

full-wave rectification on the AC voltage V;, to input it to the intervening circuit 3. The

intervening circuit 3 includes a capacitor 31 and an inductor 32, and is constituted by a

choke input type low-pass filter. More specifically, one end of the inductor 32 and one

end of the capacitor 31 are connected, output from the diode bridge 2 is received between
the other end of the inductor 32 and the one end of the capacitor 31, and a rectified
voltage vg. which is both-end voltage of the capacitor 31 is output to the inverter 4
[0040] The capacitor 31 has a capacitance value C set so fhat the rectified voltage v
pulsates widely with a frequency twice as much as a frequency of the AC voltage Vi, and
a maximum value of the rectified voltagé Vgc 1s twice or more a minimum value. By
way of example, the capacitance value C is set to 20 u F, and inductance L of the

inductor 32 is set to 300 u H, respectively. These values are significantly small as




10

15

20 .

25

[ 0040] The capacitor 31 has a capacitance value C set
so that the rectified voltage v& pulsates wdely with
a frequency twice as nuch as a frequency of the AC
voltage V;,,, and a maxi mum value of the rectified
voltage v& is twice or nore a mninmumvalue. By way
of exanple, the capacitance vl ue Cis set to 20 ,u F,
and inductance L of the 25 inductor 32 is set to 300

g R 0 e SR e S0 g st n

00 u F) and.i ct (e.g. 6 adopted in the
‘E‘ﬁ%‘?‘ﬁﬁ?é CHFWES[}%@%& 4% Figm 13 g@i 1 rgspectivelyng 16,
r ctively). [00411 The inverter 4 supplies three
ﬂﬁé‘gﬁ H}? ARYFLtST hysupplies thiee phaseneurramisoh, B, iFife the motor 5. The
currents i,,, i, iWcorrespond to a U phase, a
CYIBHA de Iy, BreprEesposHasel-nhesp acY -iphasey andTin V-phasentespectively. The
4 includes three transistors (upper armside
lpyestes onedndss theeehranaistang (uppeo bine cidertransistves)t eadh thavingen collector
one end of the capacitor 31, and three transistors
cohmasted @r thesomeend rodrihe shpacsipr S4¢ land akited GraRiseTs (lotver arm side
connected to the other end of the capacitor 31. Each
tahsittbes) egtheiavargnarsertiftet taietel @6 thef Ahéend d¥ahd capatifor 31. Each
each of the lower armside transistors on a
off itsgppRYy i side tRaskors fHRfs 8 Palrlweikh SichadT (HE RRYer M deedﬁansistors

transi stor and the collector 10 of a lower armsid

oh a8k bRphdse iR Tﬁ@cielﬁﬁief ofhf ugﬁprﬁﬂls?de%ﬁ%fear &fld the collector

and the currents i u, Iw are romt

of Qw&ta&ﬂr’si({bo@ﬁﬁist&%nﬁﬁg ‘rﬂgef %agié\%{ecclahﬂlgon(f cgllﬁ%gteﬁ,f atd e currents

upper arm side trans: st c ower arh_ _ I
L O BB SO R B e e
i gnal . r . U- : oo
ah SR Beotors S s o SERCRtRisty Ts alipoiabibed on swiching

pass fegeneratyve current fromthe pptor 5,.each of '
- S‘lgﬂ"i"s u—b’pgf"’ varnfgqnaet%et?%‘i@l SHGHE &nd Thewvitching sigaals Tu, Ty, Tw

transistors iis prqQvided with_a freewheeling diode
CHEFPRY 192 U-phigife acoRRE @ a W-phase.apsnesiéyelend a
gath de connected to the collector. [0043) The control
GG42di To passsregenspptivedciirant fromthe enorl Sofachhef A@ upper arm side

voltage V,,,, the rectified voltage vd, generated at
irppaiyiors gad layfer e sidepzanisistors Biprovided with adidesvhiecling divde having an
i,, and a

anode connected to the emitter and a cathode connected to the collector.

[0043] The control circuit 6 is supplied with é phase 6, of the AC voltage V;,, the
rectified voItage Vi generated at both ends of the capacitor 31, the currents i, iy, iw; and a
rotation position angle (mechanical angle) # , of a rotor of the motor 5 . These
respective quantities can be detected by v.velI-k:nown techniques. The control circuit 6
also receives a command value cum; for rotation angular speed (angular speed of the
mechénical angle) of the motor 5, and a current phase command B8°. The control
circuit 6 generates the switching signals Ty, Ty, T based on these.

[0044] Fig. 2 is a block diagram illustrating a detailed structure of the control circuit 6.
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Inpth B magasHe dlux diregtipn gsty

20 rotation position angle (nmechanical angle) O in of

a rotor of the notor 5. These respective quantities

can be detected by well-known techni ques. The control
circuit 6 also receives a comuand val ue cu nt for,

rotati on angul ar speed (angul ar speed of the

mechani cal angle) of the notors 5, and a current phase
command (3 . The control circuit 6 generates the

witching signals T., Tv, Tx, based on these.

?tee@mo LgiTguit & incjudes gipositionisendoneratpr ek, Bat-q ﬁ@ordmate converter 62,
detailed structure of the control circuit 6. 13 The
aspeedreontreli apstater 65, pwempvad currprigipeiater/ Gdp e eurap eprtrd operator 65,
61, a d-q coordinate converter 62, a speed control
adp&va(Bulse Wide Modntstivoh) cperatort 66 padad FW4timer 67 which have the
control operator 65, a PWM (Pulse Wde Modul ation)
fptoet afipeformmgdparaBdhs geit oBtrbedbdiy. whi ch have the

~functions of perform ng operations set out below 5

[ 053] THhpositixs/dpeed bpEare 60 petaho ind dutplisai Rfatidithngle (electrical
outputs a rotation angle (electrical angle B e) and

@: ap LoandietHlicl ahPaadsiRiJuhallaspeRd @), &“ 91% él&émcal angle and

ectri cal angl e and angul ar speed co m of

o 8N @ rﬁéchtaﬁ!@alr ), & the '}%tdiftﬂff%% %&Qtsgdoagéﬁ on the

mschanl cal angle B mo the rotor o e notor

ﬁn‘i’c&g gﬁ r @' ngf- € PCR&S 52 f (f ﬁﬁ%toro?t Wd;&{]@éor&é&e %?nverter 62

Xi s current i g-axis curre

(4 mt C ' s
ogtglé@ é?éé %dcd;%mé%&{-r 19[ aﬁﬁ fq e%urr% 1%)tr1.;1 ghse?ihon an equation (1)
S0 aIIed d-axis cu enti netic flux current,. a
iRl POE B S fmint SRS %C&aeaga e P QIO Py ThS so-called
malnmanetlcflu dlrectlon establlshe thlnthe
drﬁ’ﬁso‘imrg lﬁﬁ’aa&”ﬁgc @H"é’&%" Pldg @ (?“Hi‘iltscon&ﬂnlﬂg'rfmtl I%ro‘ih%ﬁe& fpagnetic flux
“current that controls torl_gue directly with a 90-degree
ishegh withinihs neqtey &rand ﬂ1&550-called q-axis
[ 00461 [Nurmeral 1] [id]= 2 cosCe cos(Be-2) r/%
Cweant Bedordvy gyurent) thay epntwpls forque Ehrg¢t}Yamtb| $ P@-degree Phase advance
-sin(Ba+2)r/3)]
relative to the d-axis current,

[0046] [Numeral 1]

[id} 2|:cos9e cos(@-27/3) cos(9e+27r/3)} " 0
;

3|-sing -sin(@-27/3) —sin(@+27/3)

Iw

[0047] The speed control operator 63 performs proportionate/integral operations (PI
operation) based on the command value m for angular speed of the mechanical angle
and the angular speed ‘wm of the mechanical angle of the motor 5, to output a motor
current command im*. Further, the command current operator 64 receives the motor
current command iy, , the current phase command j *, and the phase angle € 1, to output
a d-axis current command is and a g-axis current iq* based on an equation (2). These

currents fluctuate widely with a frequency ripple twice as much as that of the AC voltage
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iw iul [0047] The speed control operator- 63 perforns
proportionate/integral operations (Pl 20 operation)
based on the command value co nt for angul ar speed of
t he nechani cal angle and the angul ar speed co m of
t he nmechani cal angle of the notor 5, to output a notor
current command inr. Further, 14 he conmand current
operator 64 receives the notor current conmand i nt,
&he current phase conmand a , and the phase angle 0 1,
Y output a d-axis current conmand id* and a g-axis
_jurr nt i q* based on an equation (2). These 25

0P4%In {Numeigt2liate wi dely with a frequency ripple
twice as nmuch as. that of the AC voltage 14 Via.
[0048] [Nuneral2] id* sin,8 *]=dnrISmBII[ C S R*

(2) [irgs=3 JI [ O0049L:,T current control operator 65
receiv£s qhéﬁﬁﬁﬂﬁﬁs current-@i and the g-axis current
igq, thelddaxis cutr&f tonmand i d* and the g-axis.
current iqg*, and the angular speed We of the

el ectrical angle, to output a d-axis voltage command

Y0049]dThe GuiKhiScon@bl 3f@tatof FFNRAE VYA thed@aH Qe and the g-axis
equation (3). In the equation (3), Kd and Kq represent

chRet QRS 81aQR¥uroft! dnfMankilg AadHd §-23%ukbe: i 8 fie angylar speed
respectively, Ld and Lq represent ‘motor i nddct ance %?

& D6f Bt Srian %élla,etooﬁlgﬁ.\t%’ d-%ﬁ]%p\ﬁﬁ{agé/ @!E%maﬂ&]q And® q-axis voltage

‘represents a nmotor counter electrgnotive vof tage

chiilis &('}H Ilz[éaggd's %11 JnNg&?a%%h (% *ﬁld it;ﬂje e%usatiL)Ma(%, f(f,’ a.ﬁg Kq represent

- K
proportional gain of the d-axis and the g-axis, respectively, Ly and L, represent motor

inductance of the d-axis and the g-axis, respectively, and ¢ , represents a motor counter

electromotive voltage constant.

[0050} [Numeral 3]

va*| |—Ka  —@ela || ia Kdia*
L= L ~(3)
Vy Wela -K; Ig Kyig * +a)e¢h
[0051] The PWM operator 66 receives the rotation angle (electrical angle) 0 . of the
rotor and the d-axis voltage ‘command vs and the g-axis voltage command vq*, to

generate phase voltage commands v, , Vv, vy based on an equation (4).

[0052] [Numeral 4]

v ® cosG: —gin &
. 2 , Va ¥
wr =2 cos@-21/3)  —sin@-27/3) |, - (4)
wr| 7 cos(@+27/3)  —sin(@+27/3) "

[0053] The PWM operator 66 also receives the rectified voltage vg4,, and uses this

voltage and the phase voltage commands vu*, vv*, Vy , t0 obtain ON time <t iG=wv,w)
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+owel a] (3) [00511 The PWM operator 66 receives the

rotation angle (electrical angle) O of the rotor and

the d-axis voltage command vd* and the g-axis voltage

command vq", to generate phase voltage commands vas,

"vv*, vwr based on an equation (4). 20 (00521 [ Nuneral

4] W* COSBe -snee vv* _ cos(®& 2~c/3) -sin(Be-27r/3) (

4) VW cos(+27r/3) -sin(Be+27r/3) [vd:] vg [0053]

€ : . . .

Og gret%’sr Y& sige Hanpsier afigach plase bpsedgm anrgquetinn (Shasé carrier period
d "M,ovvr, vw, to obtain ONtinme 2 i

Te jis intrgduagd tqjhe pguation (Fhe Theperuaefthe DBktime ansisforsiblyichanged to

PWM operator 66 al so receives the rectified
vol tage commands v"",
each phase based on an equation (5). A carrier period

- Ty whes ckepeding Tz candtin faréiblyechaatedio 2e5) whehteingbalewatrd, he

ONtinme i i is forcibly changed to T, when exceedi ng
T0054dnMNursertb¥]ci bl y changed to zero when bei ng bel ow
zero. [0054] [Nuneral 5] 5 T-yi*+0.5*vdcTc (5) Vdc
[ 00551 The PWMtinmer 67 stores the ONtinesr , c, i

for each carrier period T., and supplies the inverter
4 wthghﬁé_ﬁé_t_ﬁmng-gbgnals Tn, Tv, Tw, for turning
the transistwgr 10 of each phase on/off in response to

the stored tine. [0056] Fig. 3 is a circuit diagram
illustrating an adoptable structure for the |ightning

R, P AR Sy RN WL e 86 AR i 7
ar?%ktg)gg%s g{%ﬁg{rrerteb ﬁgﬁﬂp{hetmwﬂjn%ds?g&ig ﬂ? %V,ZT“I, fsor : nn%ctthg ‘iiransistor
of each phase on/off in response to the stored time.

[0056] Fig. 3 is a circuit diagram illustrating an adoptable structure for the lightning
arrester 7, which is shown fogether with the power supply system 1 and the diode bridge 2.
In Fig. 3, a pair of input lines of the diode bridge 2 is connected to each other by a

protection element 70 included in the lightning arrester 7a. A varistor may be adopted

- for the protection element 70.

[0057] Fig. 4 is a graph showing a waveform 101 of the AC voltage V;, and a waveform
102 of the rectified voltage vq. in the multiphase current supplying circuit illustrated in
Fig. 1. Like the simulation shown in Fig. 18, this simulation was performed for the
case in which the AC power supply 13 generates a sinusoidal voltage having a frequency
of 50 Hz and an effective value of 270 V, a lightning surge of several thousands of volts
having a width of 50 s occurs in the vicinity of a peak, and the AC voltage Vi, is
clamped to 800 V by the lighting protector 7.

[0058] The waveform 102 of the rectified voltage vy, does not reach 600 V after the

superimposition of the lightning surge. This is attributed to the fact that a charging

- current i; flowing from the diode bridge 2 to the capacitor 31, which goes through the
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protection elenent 70 included in the Iightning

arrester 7a. A varistor may be adopted 15 for the
protection elenment 70. [0057] Fig. 4 is a graph

showi ng a waveform 101 of the AC voltage V;n and a
waveform 102 of the rectified voltage v& in the

mul ti phase current supplying Wircuit illustrated in

Fig. 1. Like the simulation shown in Fig. 18, this
.Simul ati.on was rformed. for t ase in which the AC
e 32,8 Breyoiel Boner b einetespldyheiadtunr Sage havi ng

@0&0? quepcy 20 of 50 Hz and an effective value of 270

, I Hg‘P?FIFﬁ valye Qﬁt}@flné@&@?cﬁllf ehhibe dudvgtor G2 i ebtimated as set out
havi n% a wdth of 50 u s occurs in the vicinity of a
bplosic, 1n s regardagurpestt dagenofiflow Fomdhe papaditerd I800ha/intygrter 4 when
the lighting protector 7. [00581 The waveform 102 of
thenimvertert4 is endstandhyafe opgtatidneer mben teaimve8604 & af bperation but a
the superinposition of the lightning surge. This is
lightnitighsutgeds applie elufiag the haputafatime go-tige vahagefoaheh all three of
flowng fromthe diode bridge 2 to the capacitor 31,
thehipplr greetrarsistanghe ONg or when all.three of thellbwien Bl tr@hsistérs are ON).
is prevented from changing steeply by the inductor 32.
AnQftiflate/ofdedesiratile @aNalofeheindh@tndeNIHCHRA G- isthud D Safer estimate
i nductor 32 is estimated as set out below. In this

a$ e@ApAled UNicthe §RRBteNPls fnl PMAHLAM TGO fogfav/&;ﬁ#%frs%ased on

the inverter 4 when the inverter 4 Is on stan

HRRAEFPRRA th CuMbiiok fo hewﬁg,tﬂggiaﬁ?@ 4 n operation but

a 5 lightning surge 1s applie ng the output of a

. _ . | ) h .
L a5l Qo P 0], i 32 e
' . i mat f
o URHSGHD ) ] b, SRS B o,

BT T o B SR e B g e

. 1S hased on the assunption that current does no flow
i IpWiRg 't diFosaparitor Sy 607s0bevehAbs dndustprt Ragnd the inductor 32. The

represents the sumof the inductance L of the inductor

amouny o chmge qj (Hengantegeatiop of srrrepia iy introdecsd tothe lastiequation. The
represents power_supply voltage, a

power supply voltage is V- is rectified by the diode bridge 2, and its absolute value is

applied to the capacitor 31.

[0061] [Numeral 6]

Va= LS@"'i'lficdf
d C

2

d 1 :
_—_L— B - 6

[0062] Since a maximum value Vi of the power supply voltage V; haé been applied to
the capacitor 31 before the occurrence of the Iightlﬁng surge, the charging current i, does
not flow, and the voltage of the capacitor 31 is V.

[0063] When a solution is obtained with the assumption that the voltage of the lighining

surge after being clamped is Vs, that V, = Vg in the equation (6), and further that initial
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rel ati onship of an equation (6) holds based on the

assunption, since the charging current is flowing to

the capacitor 31 goes through the inductor 12 and the

i nductor 32. The anount of charge g (tine integration

of current) is introduced to the |ast equation. The 15

power supply voltage is V2 isirrectified by the diode

bridge 2, and its absolute value is applied to the

c paci tor 31. 00611 [Nurmeral 6] Vz = Ls digd C+ 1
vpluespgre adopted so fhat i =0 and q § C - \6)the oltaze Vi ¥ ef the capacitor 31

maxi mum val ue VM of the power supply voltage V2 has

apd & chepaing eumrent it Fd.cdmpeadiately after Huef eomepletiom of the lightning surge

occurrence of the |lightning surge, the charging

(& afeantthe ocaimeence nbtheflighmingsurgeharevoiptaasel of edulations (7) and (8),

capacitor 31 is VM [ 0063 ] Wien a solution is

respecivelyd wi th t he assunption that the voltage of the

lightning 25 surge after being clanped is Vs, that V2

00 ]i Nunkegalezjuat i on (6), and further that initial 17

val ues are adopted sothat i. =0and g =C VM the
.vol tage Vdc VD of the capaci tor 31 and the charging
current i. '., tely after the conpletion of

t he Ilg@;p@n §up@ﬁms af1gy the occurrence of the
l'i ghtning surge) are QLer essed as equations (7) and
(8), respectively. 5 [0064] [Nuneral 7]
VD=Vs-(Vs-VMcos L C(7) s [0065] [Nuneral 8] 10

[0065] [Numeral 8]

, , C . AT
fce = |— (Vs — V) sin
Ls ( ) ~ LsC

[0066] The pulse width AT of the lightning surge is assumed to be very narrow as

¥

compared to the period of the AC voltage V;,. Thus the power supply voltage V- before
and after the occurrence of the lightning surge can be approximated to have the maximum
value Vy (without considering the surge) as indicated by the waveform 101. A solution
is obtained again with V, =V, and i; = icc and q = C + Vp as initial values in the equation

(6). The voltage V4. of the capacitor 31, which keeps increasing while the charging

current i, flows due to the effect of the inductor, becomes maximum when the charging

current i, becomes zero. The maximum value Vy is expressed as an equation (9).

[0067] [Numeral 9]

VN=VM+\/(VD—VM)2+Z'CC2% +(9)

{0068] Protection against breakdown due to the lightning surge can be obtained when
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I CC=F-ZC-(Vs-Vu)sin AT (8) LsC [0066] The pul se

wi dth AT of the lightning surge is assuned to be very
narrow as .conpared to the period of the AC voltage V;
,,. Thus the power supply voltage V2 before 15 and
after the occurrence of the lightning surge can be
approxi mated to have the nmaxil3um val ue VM (w t hout
consi dering the surge) as indicated by the waveform
101. .A solytign, is obtained agajn with V2 = VM and
the maximym valte Y s ot mppp thaniths bréakdopm vloe? f theaverter 4.

uation (6). The voltage Vdc of the capacitor 31, )
(R Woen thel squinasiRpndin) in the ecesian ghnhe iodiciasne Ls is obtained

flows due to the effect of the inductor, becones

by PARAHORED- t he charging 20 current i0 becomes zero.

The npaxi mum val ue VN i s expressed as an equation (9).
WU@?] [Yuweeralk I} 9] VN=YM+ (YD-VM 2+ZCC2 LS C (9) 25

[ 0068] Protection agai nst breakdown due to the

i ghtning surge can be obtai ned when 18 the maxi num
value VN is-not nore than the breakdown vol tage of the

inverter 4.[/[0069] Using thelequations (7) and (8) in
t he equati i nduct @nce Ls is obtained by an
equat i pn= | 10}.1dh 2 ...(10) Ls =
C AT 1(V M

M Z_, {00$ (rﬁ -?ZM?%}
€os <l—-
. 2\ Vs =V

[0071]Using C=20 uF, Vs=800V, V=600V, Viy=25-270 V,and AT=50 p
s as specific numerical values, the inductance Lg is obtained to be about 450 1 H from the
equation (9). Since Vi decreases as the inductance Lg increases based on the equation
(10), the inverter 4 can be protected against breakdown due to the lightning surge when
the inductance Lg is not less than about 450 1 H. |

[0072] An LC resonant frequency can be obtained by transforming the equation (10).
When Vs = 800 V, Vy =600 V, Vjy = 2%+ 270 V, and AT =50 pus are adopted, a
resonant frequency is 1681 Hz, which is of 34® order with respect to a power supply
frequency of 50 Hz, and 28*h order with respect to a power supply frequency of 60 Hz,
Put another way, protection against breakdown due to the lightning surge can be obtained

by selecting Lg to be lower than these orders.

- [0073]1In the data used for the simulation shown in Fig. 4, the inductance of the inductor

12 is set to 230 u H and the inductance of the inductor 32 is set to 300  H so that an
inductance is greater than Lg obtained from the equation (10). Fig. 4 shows the
simulation results when the inverter 4 is in operation but a lightning surge was applied

during the output of a line-to-line voltage of O (when all three of the ﬁpper arm transistors
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10 [ 0071 ] Using C=20 h F, Vs =800 V, VN = 600 V,
VM= 21.5.270 V, and AT=50 u s as specific nunerica
val ues, the inductance Ls is obtained to be about 450
Hfromthe equation (9). Since VN decreases as the

i nduct ance Ls increases based on the equation (10),

the inverter 4 can be protect&d agai nst breakdown due
to the lightning surge when the inductance Ls is not

| e t han about 450, u H 15 [0072] An LC resonant )
%G éé{,@ﬁ e %Pé‘ttﬁff HOYET Ry st ss areng@Ng hellggBaligof Fig. 11

(%g}. Wien Vs = 800 V, VN =600V, VWM=2"-" 270V,

anf g1z 19 showsimplationgeml s pderctimilar cirqunstamass. f r equency
is 1681 Hz, which is of 34th order with respect to a
B8] Thpsithe atiove dessnibgd offe@s citr be abidingd bly conuketingian finductor to
respect to a power supply frequency of 60 Hz. Put

then calaeitormAl in peries egltdnoviewgdifreh the pakelosupptiueystem tlhe Fig. 5 is a
| i ghtning surge can be obtained 20 by selecting Ls to

chreuit disgram Hhntratiestbe deidtargsapparddi/&totding foen fiat aaritsdd of the first
for the sinmulation shown in Fig. 4, the inductance of

peferrédetibédimentlof thepreednt idvedfOn. HAAMGelvbRing REUEE 3RCRloptable for
of the inductor 32 is set to 300 H so that an

theBeGV@REE ciréuil3 aRlikles tREPa8iIQ0S PATLEd MBMRbRS2a and 32b. The
equation (10). Fig. 4 shows the sinulation results

it ford BEa bt §70 &6 BnhebtddtoABE cRhdcABr BHin ?crieg WHeR VAbved from the
surge was applied 25 during the output of a

PbWBERIEBIy e D 0BefE aphd BSbeBulo btpSFoRG, | 0P ThES
. i. . Fiqg.8 Fig.9 Fig 11
LGOFSLE3E B b e aliP bRk s itha bt Bevidk abbatus podgrding fo'a second
t he ove descri bed

I - [0074] T _ .
vEERS! Bt pistAst cRoR YN RE e AEPSE FNERERor Apinterveniag
ol s Jhdidesdhe Sabapty ST RS Aptnten o dndigior 32 fastead of the

_44I ustrating the driving apparatus according to a )
induplor 3¢a An dadustor Gk 1stinterposed tepresndhe dightvingoatirentont 7 erd the diode
the present invention. An intervening circuit 3aa
brdemi-abl ke indpctor his connestadktnitheycapiagiteri X1 i8 semgsl udes t he
capacitor 31 and two inductors 32a and 32b. The
[H{F6d t Bsbowd de mnusid2ed that theoshneging durent tijowimgda itheocapacitor 31,
31 in series when viewed fromthe
which goes through the inductors 32a and 32b in the first variation, and through the

inductor 8 in the second variation, respectively, is prevented from changing steeply by the

inductor 8. Therefore, an increase in the rectified voltage v4; can be suppressed in these

variations as well, | | |
[0077] 1t is of course allowed to provide the inductor 8 between the diode bridge 2 and

the lightning arrester 7, and the inductor 32 in the intervening circuit 3a (or the inductors

*32a and 32b in the intervening circuit 3aa), respectively, as these two inductors 8 and 32

(or three inductors 8, 32a and 32b) are also connected to the capacitor 31 in series.

[0078] With such divided inductors, it is again preferable that the sum of their

inductances and the system inductance Ly be not less than the inductance Lg obtained
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power supply system 1 while being arranged opposite to
each other. 10 [ 00751 Fig. 6 is a circuit diagram
illustrating the driving apparatus according to a
second variation of the first preferred enbodi nent of
the present invention. An intervening circuit 3

i ncl udes the capacitor 31, buto does not include the

i nductor 32. Instead of the inductor 32, an inductor

8 ig interpaosed between the lightning arrester 7 and
j@%%aﬁPSW@Dnﬁﬁﬁdge 2. The inductor 8 is connected to

ihe ﬁapacitqr 31 in series. 15 [0076] It should be

B0 1q8s descrihed abave. b spppcifgrlessrinesyter conttdl ovithhey sigoifichetly small
capacitor 31, which goes through the inductors 32a
capagitapns viahnet(h ef thercapacitor i3dtdanrhe penfdréd evephwithéhe superimposition
i nductor 8 in the second variation, respectively, is
op adightriingl singem Fovagoyen ghs trekplor Wycanhise miade smblder @. size than the
Therefore, an increase in the rectified voltage vas

 inghatob & Lsadopted s €k sniodthieg eircwiay 301t indrB92athusabl seridlsly hampering

'[0077] It is of course allowed to provide the inductor
11 ihiaseésativh of theatervehing@@ciitand the i ghtning
arrester 7, and the inductor 32 in the intervening
circuit 3a (or the inductors 32a and 32b in the
intervening circuit 3aa), respectively, as these two

[o0B0qt S¥conBPRRG eI mbS ikl €€ | nductors 8, 32a and
32b

) are also connected to the capacitor 31 in series.

(00781 i h ; L s aqga .

bref oranrs PR AT TefeY EfB0 it e blogk hifghiads s, pecitor 31
' t e Lo be not |less than the . . -
ab 8 R il 685G AESRk SuEaliCls R esindct et an inductor o
0079]. descri bed.above,. the capacitorless inverter |

G%O%P?J&oﬁdl £ S g%ihﬁ}'f?ﬁﬁ?lﬁy a%ﬁﬁﬁg m@a‘b%ﬁ‘i"f’%?één\l?é?aﬁél with the
C of tﬁg Eapﬁlcitor 31 can be perforned even with the ‘

CAFREYT T S1SERTRE expesyeyreghinthe YRaEge. Moreover, the
hﬂ%uiﬁgr 32 can he made smaller in size than the 5 o

hétige- Tis aespuediagnm Rusuwing e sauetirecefj ansinfgverndngicircuit 3b

302, thus not seriously hanpering the mniaturization

haying yuch atomaenibag dThe ciucturg Gbewh iBekignd o efain ragldpted in this
Enbodi nent

embodiment, except that the intervening circuit 3a is replaced by the intervening circuit

. 3b shown in Fig. 7.

[0082] The intervening circuit 3b includes the capacitor 31 whose both ends are
supplied with output from _ the diode bridge 2, and outputs the rectified voltage v,
generated at the both ends of the capacitor 31 to the inverter 4. The interveniﬂg circuit
3b further includes the bypass 33 connected to the capacitor 31 in parallel.

[0083] In the bypass 33, a diode Ds, a resistor Rg and a capacitor Cg are connected in
series, and a direction from an anode to a cathode of the diode Ds coincides with a
direction from a high potential side to a low potential side of the capacitor 31. Fig. 7 is
an illustration of a case where the anqde of the diode Dg is connected to one end on the

high potential side of the capacitor 31, the cathode of the diode Ds to one end of the
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In the first preferred enbodi nent, fromthe diode
bridge 2 to the capacitor 31 10 and a steep change in
the charging current i. is suppressed by connecting an
i nductor to the capacitor 31 in series.

Al ternatively, a bypass may be provided in parall el
wWth the capacitor 31 to di szlharge excess current to
the bypass. [00811 Fig. 7 is a circuit diagram

i LlLustrating the structyre of an intervening circuit
I‘%Sbsmfﬁ%i; 3‘?—@0 Bli:ﬂlda"% TesstarsRs ia anesend o tF GaRHIA Charnd the other

Fig. Is agai n_adopted in this 15 enbodi nent, except
ep E %lﬁ

LAPRTN e ito P1g) gndypn the lpw petsntial edidpftthe capacitor 31,
intervening circuit 3b shown in Fig. 7. [0082] The
1pSReRivelni ﬂgleardfermftth@ diadp dsu thesresifior Rapad itho ca@titutHos frming a
both ends are supplied with output fromthe di ode
spragl gtyeuibmanp he changedt s the rectified vol tage vdc
?enerated at the both ends of the capacitor 31 to the
(008t Big. & is 7lpeaphndhemieni mgveforauittl ofaRe AT FoltddeeV;,, a waveform
i ncl udes the bypass 33 connected to the capacitor 31
108 of Bothtdndlvolth08B]he lcapdciter Qy paRisa Wavefernsl il 04l of B, re@ified voltage
resistor Rs and a capacitor Cs are connected in ‘

vaer Tas sirlatiéh dbidGénsOfkebptoiRe dito Ao Coft e Sypadshmr _ﬁreoiﬁientical. to

~the diode Ds coincides with a direction froma high

tiRRE g5t thRl sidufi®ioh Gh@ feQdd et @hpts sitvPlin TE 18. As data of the
capacitor 31. Fig. 7 is an illustration of a case :

bYHRS %3,t he R8¢ R hdsherdispite ??Iéfesofcﬂﬁﬁc&@tﬁep%agy?(ﬁgpi Cs has a

e€nd on the 25 high potentia e of the capaci
: h [ end e 21

cAREERE LR & 100", £ PSR Pkt PLEERE rlueld o 8 g pampared o

n . apacitor and th he nd .of 1t he, .
G811 GRBRE b Bbactinestviin OF 9P pl FendEpinda; b Sgpulaton that
tﬂ@?ﬁ’gia Ci toa 31, .r}‘gsp ctively. The order of the
S nipe grena shavis WIGe- % and the capacitor Cs forming

rial circuit y be changed. 5 [0084] Fig. 8 is a

E?%Eﬁ tﬁ%ﬁ"‘ﬁ’ﬁﬁﬁn\/\é%f‘& ‘%Fl’@fﬁg?d tVﬁBaQQCVncoﬂwg ogincides gwith the
waveform 103 of both-end voltage of the capacitor Cs,
wakeform Wi\ efoths AG4veltage nén vasit immediately tafpee theioccurregce of the
Simulation conditions except the provision of the
hglgtpmgg;ug;. aMeanwbile] thawayveform 103 of the both-end voltage of the capacitor

Cs has been charged to a peak vale (2%° « 270 V) of the AC voltage Vi, due to the 'earlier
operation. But when the lightning surge occurs and the AC voltage Vj, increases steeply
toward 800 V, not only the capacitor 31 but also the capacitor Cs is charged via the diode

Ds. The current to charge the capacitor Cs flows via the resistor Rg. Accordingly, the

- rectified voltage v indicated by the waveform 104 increases more steeply than the

both-end voltage of the capacitor Cs indicated by the waveform 103 does. Note that the
charging current i, in this embodiment can be made smaller than the charging current i, in
the intervening circuit 3 (Fig. 15) by the charging current flowing through the capacitor

Cs. This prevents the rectified voltage v4, from reaching 600 V.,

[0086] Then, due to current flow to the inverter 4, the rectified voltage v4, almost




10

15

20

25

those for the sinmulation that resulted in the graph
shown in Fig. 18. As data of the bypass 33, the
resistor Rs has a resistance value of 10 Q and the
capacitor Cs has a 10 capacitance value of 100 u F
Such bypass 33 can be reduced in size as conpared to

t he capacitor 31 having a capdcitance value of 900 u F
adopted in the sinmulation that resulted in the graph

| A Fi 9. [00851 f 04 of, . . .
B, 0y oo AT . HELREL AR} o comies v

wayeform 1 of .the AC voltage_ V;,, uptil | diately
GBI PRS Vo Behih AN SeFeseho K88" fHab: Forgi B Ngliage var does not
Meanwhi |l e, the veform 103 of the both-end voltage of
deqreasg éﬁiﬂw%ﬂﬁcﬁh" fagee ¥in but hayyan almpshoqnstant papiguppvajue.  The
270, of the AC voltage V;,, due to the earlier
cayaeiterlesy Hivepieh pexfsms coirglisg Hhatiamax mugevalue (Withouh donskdsring the
AC voltage V;,, increases steeply toward 800 V, not
susglyof; the f@‘ﬁ}ﬂf@i Yadiags vacbis ttwideser mhee & apaimunorvalds dusing operation,
charged via the diode Ds. The current to charge the
thyis péahing opStiph awikh atiigh péreerrfastost or Rs. Accordi ngly,
the 20 rectified voltage vdc indicated by the waveform
[087] rn émsatherinmed, the defi-ynd holfagevf thd edpaceiCy@ihdds with the
of the capacitor Cs indicated by the waveform 103 -
redtifiad vdleige Whadd thes holdvaheivBRagelheRBfter. S This #because potential

enbodi ment can be nmade smaller than the charging
orf thel @ftodk Siderof thé 8iddB R BAREI BE 11 B&thichd Jolthdedof the kafi¥itor Cs is
the charging current flowi ng through the capacitor

i . _ =g ¢ ;
i 0SB 5 O Sl 8 W e oo v

' : 4. 4 fj npst .
003 | PR L i RS gL el B B RS, e rcine
j . t.coincides with he AC.valtage V;
vt TP ROERES Y e CBeipie ol in bR SapuitlCiRerer conol
vol tage.vdc, daes n decr.ea s lgqw as t AC )
T hEgRma {5ihER 38 e, CRRIEE s pe S i it fhe diode D
. The. ca itaorless, inverter perforns cqontrol so that a
mﬁE%‘( PW?@% ui’L{S@F%‘}%dwﬁ%ﬁ 49 g@ﬁ‘ disgharae trgms o the capaciton &s under
éﬁ%ﬁified voltage vdc is twi.ce or nore a m ni num val ue
1
g

ORFIAoBy Whichrgenerates dossin HierfesigionBer al¢ sedueg pewer consumption

hi gh power factor. )
at the resistor Rg under normal operation, therefore, it is preferable that the diode Dg be

provided in the bypass 33. The case of using the inductors 8, 32, 32a and 32b as
described in the first preferred embodiment, where such consumption is not generated
naturally, is more advantageous than when the diode Dyg is not provided in the bypass 33
in that respect.

[0089] Meanwhile, when the resistor Rs is not provided in the bypass 33, the capacitor
Cs is charged quickly, which allows an increase in the amount of current flowing through
the bypass 33. As a result, an increase in the rectified voltage v4. can be suppressed
even more effectively. Fig. 9 is a graph showing an operation according to a first

variation of the second preferred embodiment of the present invention, where the bypass
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[0087] On the other hand, the both-end voltage of the
capacitor Cs coincides with the rectified voltage vde
and then holds the voltage thereafter. This is so
because potential on the cathode side of the diode Ds
based on the both-end voltage of the capacitor Cs is
10 hi gher than potential on t3e anode side of the
di ode Ds based on the rectified voltage v& [0088 ]
he di,ode Ds,is_not a_necessity in_view of the above
3B RVt SoRkhef chraiotie otd Rsd QIR Seaior Rs. A
w del ment i oned apove in the_capacitorless
WS DT HRGH the ‘?‘ﬂg-senﬁ o llggs At grcapagiici e gnd phgaveform 108
.%ﬁgaci or Cg_ | so pul sates widely without the diode Ds
Indicatesdhprstiied valtage Wi raspacivelyo charge to and
gi scgargﬁfe1 fromof the capacitor Cs under 15 normal
P304t Thmbothiend rolizasenfsheennapiser Curintthefirse yamation isbighdtghan that
reduce power consunption at the resistor Rs under
wihieh thel regipler Bs ioprovidhér elt dx prefarable thap theftepats| 38 hehmovitibd with the
di ode Ds be provided in the bypass 33. The case of :
rasistorR¢ #leo camhblet off sipBresSRg aBtamahihcB2ke asthed@sicendesltage of the
‘in the first preferred enbodi nent, where such
capangoms idme tosa nahsignsiedb®enomat Boatl YetivaSoRD&R] in the rectified
advant ageous t han when the diode Ds is not provided in

vblbege Ry PsSt@Rion20 i n that respect. [0089] Meanwhil e,
when the resistor Rs i's not provided in the bypass 33,

[ 60913 aRRRéIgAMot Condideréd A 96 dirfthéd, ?imtefﬂaj Rﬁ% @Eéug%qﬂl @E gapacitor

increase in the anount of current flow ng throu

CYPRRss when He d?odg%s“istconﬁ&teixf‘d SHLERE-ch vbll ][ogf:i{'lc-:: {:/Jg%gi.tor Cs that

vol tage vdO can be 'suppresse even nore
b Ple? S opIRBRAY of 104 MRy SRGE Ml R BORRh i B Bpfined tme
P o8 TR0 I O o P By s wi o
bR A 565, e 6 s el A 2 e
BB ETDARe SRS Tt o S S e 0 e
capacitor Cs in the first variation is higher than

CQERAL 5 when the resistor Rs is provided. It is

referable that the bypass 33 be provided with the
00921 As described above, the capacitor 31 apparently increases in capacitance value at

the occurrence of a lightning surge, and functions with the original capacitance value C
under normal operation. Accordingly, the capacitorless inverter control with a
significantly small capacitance value C of the capacitor 31 can be performed even with

the superimposition of a lightning surge. Further, the capacitance of the capacitor Cg

may be made smaller than the capacitance (e.g. 900 u F) of the capacitor CC adopted in

the conventional structures illustrated in Fig. 15 and Fig. 16. Considering that the
capacitor Cs performs the operation of branching the charging current to the capacitor 31
to suppress a voltage increase, the capacitance of the capacitor Cs may be specifically

made as small as about 100 u F, for example, which is larger than that of the capacitor
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- version; gfghe secopd piefamed embotinienig

resistor Rs al so capabl e of suppressing abnornal
increase in the both-end voltage of the capacitor Cs
due to a transi ent phenonenon at power activation, and
in the rectified voltage vdo by extension. (00911

Al t hough not considered in the sinulation, interna

| oss occurs in the capacitor 2410 Cs. Thus when the

di ode Ds is connected, the both-end voltage of the

citor hat . rose after _the appligcation of the )

TR Gt ¥ ae ecgledlan0q, aThf Blheclintnal dusiot seriousty
constant .due to.the jnternal |oss _of the capacitor Cs,
hamperde minarigation fdhederygning gircuitaxi num val ue
w{}tgoux considering the surge) of the rectified o

Paghieyd) 1piaseirmiigdiagrasilisbating the diiving japparay apeording to a
connected to both ends of the caPacitor Cs to reduce

theguesebbhvaltione, Arhiatervening

capacitor 31 apparently increases in capacitance val ue _
cieuit Bt dapectmcwne thab hdditibhallyt imchges thegimduetod 32 writt fespsct to the
with the original capacitance value C under nor nal

- indpreeng eircuindbor Mong bpecifidally ctpandicasr ¥5 & donvedté®in series to the

control with a significantly small capacitance val ue
p&ialié] dohrectioparith®tapdditarad1 481 MEHyPad¥eTs, e\BNaduptifg AR intervening
the superinposition of a lightning surge. Further, the

ciRaRASs baleLintirvidity CROAAES SAbwRSH MBY 1 Pl TaAGIcREH e inductor 32
than the capacitance (e.g. 900 u F) of the capacitor

. t 1 i . i . .
SSRGS RO 5 U SRS 0

tHe ARG REfelRd %ﬁ[ﬁoﬁfnﬁ@%ﬁ taJ:Eeco%B?t% {ro%gq:[%i. bRRNGHINY \}oggge increase

charging current to the capaci t o suppress
. ' it .of .th it Cs
IR TBIAZG, o 08 SORAEI TSGR Gt cvn

f le, which is larger than that of the
mgge[)%fgel)éﬁggfiy24 31 yet smaller than that of the

it.or. CC. Th apaci t or wi ]| thus not seriously .
 (RRBE it i A b e B vaye arRel QLetdhe &4 Fojinge Nomprvaveform

0 Fig. 10 is a circuit diagramillustrating the '
l‘gﬁ?Pgﬂ?gb%‘g"ﬁ&& afolfaes ok Hhearangeites Gs. angh 3 aaveformf 1Gonef the rectified
second preferred enbodi nent of the present invention.
voliage e r Vidi Hepady mentioned values were adopted for the inductance L of the
inductor 32, and data of the bypass 33. It is shown that a peak value of the rectified

voltage vq, at the occurrence of the lightning surge is small as compared to the waveform

-102 (Fig. 4) adopting only the inductor 32, or the waveform 104 (Fig. 8) adopting only

the bypass 33.

[0095] It is of course allowed to further provide the inductor 8 between the diode bridge

2 and the lightning arrester 7 as described in the first preferred embodiment.

Alternatively, the inductor 8 may be provided between the diode bridge 2 and the
lightning arrester 7 while adopting the intervening circuit 3b instead of the intervening

circuit 3c.
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5 circuit 3c has a structure that additionally

i ncl udes the inductor 32 with respect to the
intervening circuit 3b. Mre specifically, the

i nductor 32 is connected in series to the paralle
connection of the capacitor 31 and the bypass 33. By
adopting the intervening cir@uit 3c as the
intervening circuit 3 shown in Fig. 1, the function of

iy YR i hed in the first preferred
g@%ﬁ%ineﬁipéﬁgéﬁﬁ%ﬁgﬁﬁélﬁon of the bypass 33 descri bed

in 10 . [of0) referr enbodj nent. are ¢ i ned.

t oget h%??‘ ]?ﬁ%r}d;&ogrg ey :?I??%@@S it 'gﬁ‘;&éﬂ%%ljarit ﬁgfﬁem“lnphase current
Sre?t.ifiedu%olta e vdc g%gthe Q%%frr nce of a lightning
'WBPPYRE FLRU SCeUPine e b fued, Brefetkest embpdigent 9E[tRe Preserd 4pvention.
%g 1éli c? gr?ph showi ng a waveform 101 of the AC

Yelyfhediode bridage, dacoinierierod, and the lighwing asrestey 3| are gmitted, the

of .the capacitor Cs, and a waveform 106 of the
CIrQRt 15t gapdigured i sigyler vy thEigal I e dulythisesmbiodinaght,y thieviatervening
were_adopted for the inductance L of the inductor 32,
cispvit 3shewofintlig byipaeplaced.byl an iintesiening difvait 3@ (sealfig. 12) or an
~value of the rectified voltage vd, at the occurrence
ingfrverieg Ciceylit Jei (sep Bgrif®. is snmal|l as conpared to the

waveform 102 (Fig. 4) adopting only the inductor 32, ‘
k0097 heThwamesraming] fcuftFidohast) sealapici iAGVIOEH ¥ bypdie 30VBadditionally
33. 20 [ 00951 It is of course allowed to further
cqunesiedier the@apaeftue s Din FardlRil W8 e infeeyvetiROAGrclti3d Wscribed Mt the first
the lightning arrester 7 as described 1n the first

prefegre@r drEbbRMBRCHVIR Neferere 1BF PRL 11V eajnﬁztg% re}ﬁtff\géﬂ%%i ﬂécu?t 3e has a

may be provided between the dirode bri

sthicBitt ™ WHich HEES, a?:? 3% i‘@@{j}&iﬁoﬁ-ﬂ@?&dnﬂgctgﬁﬁ) t'h@ E%{a?ﬁ%éﬁgigé)arallel in

circuit 3b inst of the Intervening <circ

thé *'I_htel[vgﬁ%g?c%rgglt Bg dggcﬁt)cecF {nﬁtg Eg%b?lﬁg)r%fg%?tf nggg?cp‘%l%nta wni% %gference 1o

are circ I agrans |

RS0 GOR 0 FAESHA 97 P8 18 s s o

switching element and a resistor Rp.

[0098] The control circuit 6 supplies a bias voltage CNQ to the base of the transistor Q
based on the rectified voltage vy.. The transistor Q is turned on when the rectified
voltage vy exceeds a first predetermined valué, and turned off when the rectified voltage
vee falls below a second predetermined value (which is smaller than the first
predetermined value). |

[0099] In this way the resistor Rp gets connected to the capacitor 31 in parallel when the

rectified voltage vy, exceeds the first predetermined value and increases, thus slowing

charging speed to the capacitor 31 and suppressing an increase in the rectified voltage vge.
Moreover, the parallel connection to the capacitor 31 gets canceled when the rectified
voltage Vy; falls below the second predetermined value, thus not compromising the

operation of the capacitorless inverter under normal operation.
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Al t hough the diode bridge 2, the inverter 4, and the
lightning arrester 7 are omtted, the 5 circuit is
configured in a simlar way to Fig. 1. In this

enbodi ment, the intervening circuit 3 shown in Fig. 1
Is replaced by an intervenin% circuit 3d (see Fig. 12)
or an intervening circuit 3e&%(see Fig. 13). [0097]
The intervening circuit 3d has a structure in which a

BT 3o uROdoh 00 My GRATASEE bR RSB0 G
o B B SR ERTER pahes! E0RS e ot
CBRBEHCS 4B 38 PP B bR by 340

intervenjn [tcuit 3b described in the second
@ Rish

CHPACTRY Mt iniRrfemng¢iEruis 36 ang 3crshgwnzn Figre 7 and 10 as
bypass, 34 includes a serial connection of a transistor
the) seeqnd; prgfesrgd smbedimenk pnd its | seernd; vasiation respeftivedy. FBis of course
15 [0098] The control circuit 6 supplies a bias
allpyyadalgemasiify thsse aseh b @10b praviding the eisiston R sQundothe atiodenDs (short
~the rectified voltage vdc. The transistor Qis turned
cigpyitwemavalhe rectified voltage Vdo exceeds a first
ﬁ{iedet erm ned val ue, and turned off when the rectified
01 hfisill slctendiivelys theeteotified sehafedv p hegebeclainped byahe ®ypass 34
(which is smaller than the first predetern ned
withdutegrovidihe[ 88 98ductar 3h{shovedirduiterehRYAIS i thdBitei®tSing circuit 3d
connected to the capacitor 31 in parallel when the
sho@atih fFigd2vol t age vdo exceeds the first predetermn ned
val ue and increases, thus slowing charging speed to -
I . . .
TORGR P FRATE Sradk PO HRGBRE Aies ke 15 R st vhlYing lighining
Welo t j.Lar capcel ed .when the. ., .
su?é@"rﬁﬁtc{rhl%lﬂst&oﬁl Jé@d&@g@ﬁég{nfgsat %%glggéet%ﬁ.e ‘ge ve dclrcuﬁ and a lightning

reétified voltage
' . hus . . Si h 2
suBic DR GRHRM B 2By RRDRrLe Ak Asfddy A power
ion. ..26 0100] It .i . | d t )
85 L L et o s Ao s e

-~ in parallel,int i ntervening circuit 3 shown in Fig.
Se%‘“ﬁ@ VAR CS’&PB aﬁtﬁfgﬁy oﬁgr toperatiopef theaipgetagt. In terms of structural

complexity, therefore, it will be more advantageous to adopt the bypass 33.

[0103] Application
The driving apparatus including the multiphase current supplying circuit and
the m_otbr 5 supplied with the multiphase AC currents i, .iv, iy according to the present
invention is capable of driving a compressor, for example. Such cdmpressor is included

in an air conditioner, for example. The air conditioner adopts a coolant for air cooling or

air heating, and the coolant is compressed by the compressor.

[0104] While the invention has been shown and described in detail, the foregoing

description is in all aspects illustrative and not restrictive. It is therefore understood that




enbodi nent. Alternatively, it is allowed to
additionally connect the bypass 34 to the capacitor
31 in parallel in the intervening circuits 3b and 3c
shown in Figs. 7 and 10 as 5 the second preferred
enmbodi nent and its second variation, respectively. It
is of course allowed to nodi?fy t hese cases by not
prOV|d|ng the resistor Rs and the diode Ds (short

m?%%rt%?‘% IR oty ' b iR Ao cipime fomyhe scope

thout grOV|d|ng t he |nductor 32 (short circuit
'n the intervening circuit 3d 10 shown in
rFlg. 12. [0102] For the bypass 34 to operate
effectively in response to a fast varying |ightning
surge, the transistor Q needs to operate at high-
~ speed. A drive circuit and a lightning surge
detecting circuit that are appropriate to the:
operation are al so needed. A power supply for
activating those drive circuit ‘and |ightning surge
.detecting circuit needs to be 15 secured even during
standby for operation of the inverter 4. In ternms of
structural conplexity, therefore, it will be nore
advant ageous to adopt the bypass 33. [0103]
Application The driving apparatus including the
nul ti phase current supplying circuit and 20 the notor
-5 supplied with the nultiphase AC currents i,,, i, iw
according to the present invention is capable of
driving a conpressor, for exanple. Such conpressor is
included -in an air conditioner, for exanple. The air
condi ti oner adopts a coolant for air cooling or air
heati ng, and the coolant is conpressed by the
conpressor. [0104] Wile the invention has been shown
and described in detail, the foregoing 25 description
is in all aspects illustrative and not restrictive. It
is therefore understood that 27 nunerous
nmodi fi cati ons and variations can be devi sed without
departing fromthe scope of the invention.
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28 CLAIMS 1. A nultiphase current supplying circuit
conprising: a peak-val ue suppressing neans (7)
connected to an AC power supply (13) 5 outputting an
AC vol tage, said peak-val ue suppressi ng nmeans
suppressing a surge voltage superinposed upon said AC
vol tage; a group of diodes (& receiving said AC
voltage (V;8) fromsaid AC power supply via said
peak-val ue suppressing neapﬁﬁlgdgaerf ormfull-wave
rectification on said AC voltage; 10 a capacitor (31)
recei ving an output fromsaid group of diodes; an
dnverter (4) receiving a both-end voltage (v& of said

capacifor,to.output nultiphase AC currents (iu, i,

W ; afml %ﬁn‘i‘lﬁg}i}f@? GYITI8 SUPPEYING GICINESUBPHENE ai d

capacitor .in series, wherein a nmaxi numvalue of a

pul se HPCUSYHUS SHPRIEHIL BFISE) | connggteds i an My eposver sapply (13)
m ni joum val ue thereof. 2. A nmultiphase current

ouipBibng AR i ¢ VPkage: saidppakr wilursuparessiag meahuBIPPLAsping e siingg voltage
means (7) connected to an AC power supply (13)
sgnerpwesqdiporsailaiGobliagge, sai d neans suppressing a

surge vol tage superinposed upon 20 said AC voltage; a _
gr oup gragpoefediodd) () ecedivinggashAC Abltapel (\GYefr¢; said AC power
fromsaid AC power supply via said peak-val ue
supphpviessidngpaieahs fuppredsifpniahitd perfors fullokidd @afifi@fon on said
on said AC voltage; a capacitor (31) receiving an
AQWddtage;f rom sai d group of diodes; 25 a first bypass

(33) connected to said capacitor in parallel; and 29

a capacitor (31) receiving an output from said group of diodes;
an inverter.@) receiving a both-end voltage (vy.) of said capacitor to output
multiphase AC currents (iy, iy, iy); and
an inductor (32, 8) connected to said capacitor in series, wherein
a maximum value of a pulse of said both-end voltage is twice or more a

minimum value thereof.

2. A multiphase current supplying circuit comprising:

a peak-value suppressing means (7) connected to an AC power supply (13)
outputting an AC voltage, said means suppressing a surge voltage superimposed upon
said AC voltage;

a group of diodes (2) receiving said AC voltage (Vi) from said AC power
supply via said peak-value suppressing means to perform full-wave rectification on said
AC voltage; | |

‘a capacitor (31) receiving an output from said group of diodes;

a first bypass (33) connected to said capacitor in parallel; and-
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an inverter (4) receiving a both-end voltage NO of
said capacitor to output nultiphase AC currents (is,
i,,, i,), wherein a maxi nrum val ue of a pul se of said
bot h-end voltage is twice or nore a mninmum val ue
thereof, and 5 said first bypass includes a seria
connection of a resistive el effent (Rs) and a
capacitive elenent (Cs). 3. The nulti phase current
suppl yi ' N [ to.claim wherein -said
b1 e ) BORE Y BRLAGSLEE ool L a0 ou

first i nc
in _series .t aid 10 resistive el enent
%%g%%g: ésugﬁeagc,(%?plé’cli” P& ement (Cs), and a

direction tron1ag angde to a c%%$ dﬁ}of saj d dj ode

coi nci HEMXEIR Xalye of & pylse of; ofi-gl poltasst s viey g more a
-taalo tential side of said capacitor. 4. A
HH%%P{%H%Y&E%WM supplying circuit conprising: 15 a

peak-val ug suppressing means (7) connected to an AC

power S&ifhprsy by lnfé\aq%gmenﬂb cemmepitory of @ agpistivw/element (Rs) and a
- sai d nmeans suppressing a surge vol tage superi nposed _
capgeitive glegnent(Gedd t age; a group of diodes (2) receiving

said AC voltage (V;,,) fromsaid AC power supply via

sai d peak-val ue suppressing neans to performfull-wave

rectification on said 20 AC voltage; a capacitor (31)

r ecei VA.nglteuhpltiphdse edraaisdpglyingriehit decelding to daibi 2 Skherein

bypass (33) connected to said capacitor in parallel;

and arsaldfis bepask 433)rfaakérintdes AT D) ¥MdeaEE it ¥&hids to said
of said capacitor to output nultiphase AC currents

refistive ¢lement %Y)s) atdh Qi PlaBaciRv@elbRth \sghjue of a pul se
of said both-end voltage is twce of nore a 30

M Ni MAAYRLYE AIRELERode to a cathode of said diode coincides with a direction

froma high potential side to a low potential side of said capacitor.

4. A mulﬁphase current supplying circuit comprising:

a peak-value suppressing means (7) connected to an AC power supply (13)
outputting an AC voltage (Vi,), said means suppressing a surge voltage superimposed
upon said AC voltage;

a group of diodes (2) receiving said AC voltage (Vi) from said AC power
supply via s.aid peak-value suppressing means to perform full-wave rectification on said
AC voltage;

a'capacitor (31) receiving output from said group of diodes;

a first bypass (33) connected to said capacitor in parallel; and

an inverter (4) receiving a both-end voltage (v4;) of said capacitor to output
multiphase AC currents (iy, iy, iw), Wherein

a maximum value of a pulse of said both-end voltage is twice or more a
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said first bypass includes a serial connection of a
di ode (Ds) and a capacitive elenent (Cs), and a
direction froman anode to a cathode of said diode
coincides wth a direction 5 froma high potentia
side to a |low potential side of said capacitor. 5. The
mul ti phase current supplying ®ircuit according to
claim?2, further conprising: a second bypass (34)
connectqd Eo sgid capacitor (31) in parallel, said
I VA thTEY% S s conduct i ng when sai d bot h- end
voltage]£§do excegaﬁ%% firsﬁ predet erm ned. val ue, .
and notMEBHYM¥PISH ANGApASS asseripl sormectpr of a1diodsdDishpnd; a capacitive
bel ow a second predeterm ned value snaller than said :
element (Gs).¢8dt er mi ned val ue. 6. The mul ti phase current
supplying circuit according to claim3, further 15
conpr i &f¥eption fenae am anddeasscatiiode efsaidediodaicaineidesi with a direction
capacitor (31) in parallel, said second bypass
fromradiigh pntgniiklsidegaa dow potentalsidodf agkcapad®). exceeds a
first predeterm ned value, and non-conducting when
sai d both-end voltage falls bel ow a second
‘predeterm ned value smaller than said first
pr edet®r rThee thukthdse c@@ent. suppbyinal | circib aSeor@ith! ®NElaim 2, further
supplying circuit according to claim4, further
caapiMiAgi Ng: a second bypass (34) connected to said
capacitor (31) in parallel, said second bypass

conducd sdeendBophss @4} Bdahlredeh ¥l ity g%% aﬁ ?ﬁleclﬁgﬁ sdid secon

first predeterm ned’value, 25 and hon-c cti ng when ‘

TP RN ) S pimined i
B AR A S B AT BPE  ldprpine e

smaller than said first predetermined value.

6. The multiphase current supplying circuit according to claim 3, further
comprising:

a second bypass (34) connected to said capacitor (31) in parallel, said second
bypass conducting when said both-end voliage (v4;) exceeds a first predetermined value,
and non-conducting when said both-end voltage falls below a second predetermined value

smaller than said first predetermined value.

7. The multiphase current supplying circuit according to claim 4, further
comprising:

a second bypass (34) connected to said capacitor (31) in parallel, said second
bypass conducting when said both-end voltage (v4.) exceeds a first predetermined value,

and non-conducting when said both-end voltage falls below a second predetermined value
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second bypass (34) includes a resistor (RB) and a
swtch (Q connected in series to each 5 other, said
switch turning ON when said both-end vol tage (vdc)
exceeds said first predeterm ned val ue, and turning
OFF when said both-end voltage falls bel ow said
second predeterm ned val ue. ! The nul ti phase current
suppl ying circui t according to claim6, wherein said
shISeRaNg; é@m es a resistor (RB) and a
sSwi tch (Q)cpﬁgo nect e %@%g{rf?es to each other, said
switch turning ON when said both-end vol tage NO
exceeds said first predeterm ned value, and turning

s e c ond pre rﬁ%é?‘élfﬁf‘%s gﬂg%\%&ﬁ’ ﬁ%glg%%cuéfﬁ‘écok‘ﬁflg ?aﬁg’g% 3, wherein said
sGiay et L0 st '3%6%{6%%54 S 9 PVt L oamp et iy siries to each

RB) d a swtch nnect e n series to e
O@F’h 1d Suit ahéwn%ﬁ% r Whety sed a;hféw@awdtas%tﬂwcérfaweeds said first
Ita e de) exceeds said first predeterm ned val ue,
P@ﬁaremn Ygluer pndytaming QF H sthsn bothrenge vélidgesfalle| slow said
said second predeterm ned value. 20 11. A nultiphase
Sf’@Gﬁ‘?E‘ﬁ’ﬂe@@pmJj Y#ue.circuit conprising: a peak-val ue
suppressing neans (7) connected to an AC power supply
(13) outputting an AC voltage (V;,,), said neans
suppressi ng a surge voltage superinposed upon said AC
vol t ade; Thb naultipleasp caferdisopielging 2jrctiie aiovding toséthigh H\Gvherein said
'voltage (V;,,) fromsaid AC power 32 supply via said
seperk byekI (343 iRhides Si 1RSSR ARS) 41 HOKTeH (Q)féﬂnhedfb@d/ﬁq series to each
rectification on said AC voltage; a capacitor (31)

othe; &jald B@iteh! ttiaing 0NN RO s8iH Okt hd %&ﬁgé ﬁo‘% f éx%&%ds said first
bypass (34) connected to said capacitor

pré@étermined value, and turning OFF when said both-end voltage falls below said

~ second predetermined value.

10.  The multiphase current supplying circuit according to claim 7, wherein
said second bypass (34) includes a resistor (Rg) and a switch (Q) connected in series to
each other, said switch turning ON when said both-end voltage (vg) exceeds said first
predetermined value, and turning OFF when said both-end voltage falls beiow said

second predetermined value.

11. A multiphase current supplying circuit comprising:

a peak-value suppressing means (7) connected to an AC power supply (13)
outputting an AC voltage (Vis), said means suppressing a surge voltage superimposed
upon said AC voltage; |

a group of diodes (2) receiving said AC voltage (Vip) from said AC power
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5 an inverter (4) receiving a both-end voltage (vdO)
of said capacitor to output nultiphase AC currents
(ia, is., iw, wherein a maxi mrum val ue of a pul se of
said both-end voltage is twice or nore a m ninmm
val ue thereof, and said first bypass conducts when
sai d both-end voltage (vdc) eRceeds a first 10
predet ermi ned val ue, and non-conducts when said

- -volta falls bel ow a second redet er m ped .

SO g Pl B miberivg Fifaly bR, HGUSFeGuhcation on said
Ef]e lﬁ:él-ti phase current supplying circuit according to
Ac W1, wherein said first bypass (34) includes a
resistor Rﬁ% ?Pd a,.swtch (Q connected in series to

each 4%Paeis (3L desciving ovipht fromsaidyzromp ofdindesai d

bot h-end vol tage (vdc) exceeds said first

pr edetkist Bagss/@reonngeted taisaid papacitsr iniperallshiaod

bot h-end voltage falls bel ow said second -

pr edeta8r \veres (¢alrensiving a biitle-end Ivoltpdeaba,)caft saith tapacitor to output
supplying circuit according to claim1l1, further 20

- myHipbasesh@gurrents (indudi)owhé@dy 8) connected in series to

a parallel connection of said capacitor (31) and said
first abypassih 33jue34] a pulse DiigaidubbthRASFolfEE l8Mvice or more a

- supplying circuit according to claim?2, further 25

mirinjom wiluwegher33f, aad | nductor (32, 8) connected in
series to a parallel connection of said capacitor

(31) and Hat bypidsSdonBHRESPhen3$hid Ihh-erdP voﬁ%@n%vdi)oexceeds a first

mul ti phase current supplying circuit accor

preddérMined $atid, BBA noR-EAGRY %hg&? 'Faeifl' %O{hr—]&llﬂc{oﬁ{gﬁé %ﬁlssb%}oav a second

connected I n series to a par connec

p&é’&é}?ﬂiﬁ&f vahielhlalRP thafi 3hd fekd p%de?é’rﬁ%?esd \(ai?é 34)

12. The multiphase current supplying circuit according to claim 11, wherein
said first bypass (34) includes a resistor (Rg) and a switch (Q) connected in series to each -
other, said switch turning ON when said both-end voltage (v4) exceeds said first
predetermined value, and turning OFF when said both-end voltage 'falls below said

second predetermined value.

13. The multiphase current supplying circuit according to claim 1, further
comprising:
an inductor (32, 8) connected in series to a parallel connection of said capacitor

(31) and said first bypass (33; 34).

14.  The multiphase current supplying circnit according to claim 2, further

comprising:
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16. The mul ti phase current supplying circuit according
to claim4, further 10 conprising: an inductor (32,

8) connected in series to a parallel connection of
said capacitor (31) and said first bypass (33; 34).
17. The multi phase current supplying circuit according
to claim11, further 15 conp®i sing: an inductor (32
8) connected in series to a parallel connection of

i d i t d said first b 33; 34).. ,
28, Tl RORPREA B arraat T fsise o hgai peanocdioa gt A gapacitor

cl.ai, 2, further 20 conprising: an inductor (32,
(%ﬁa%ﬁﬂg]@t%%tdwpﬁsséé??i?’é% to a parallel connection of

said capacitor (31) and said first bypass (33; 34).

19. A driving apparatus conprising: 25 the nultiphase
current_supplying circuit according to one of clains 1

to 18:1&n mudfinhescocurtSit wipplyirigecirauit hccoadiolg to claim 3, further
mul ti phase AC currents (ia, iv, ice,). 20. A

ceppsirgsor conpri sing: the driving apparatus according

to claim19, 5 said conpressor being driven by said

dri vi nan imdpeton(32s 8) cadhectéd irfédies @g baralleledonB&HdRi0Fis4l8 capacitor
the conpressor according to claim20, said air

(Xonad tdid fiest bypa¥si(3®) 3@y, heating air by adopting a

cool ant, said coolant 10 being conpressed by said

conpr essor

16. The multiphase current supplying circuit according to claim 4, further
comprising:
an inductor (32, 8) connected in series to a parallel connection of said capacitor

(31) and said first bypass (33; 34).

17.  The multiphase current supplying circuit according to claim 11, further
comprising:
an inductor (32, 8) connected in series to a parallel connection of said capacitor

(31) and said first bypass (33; 34).

18. The multiphase current supplying circuit according to claim 12, further
comprising:
an inductor (32, 8) connected in series to a parallel connection of said capacitor

(31) and said first bypass (33; 34).

19. A driving apparatus comprising:

the multiphase current supplying circuit according to one of claims 1 to 18; and




34

a motor (5) supplied with said multiphase AC currents (iy, iy, iy).

20. A compressor comprising:
the driving apparatus according to claim 19,

5 said compressor being driven by said driving apparatus.

21.  An air conditioner comprising:
the compressor according to claim 20,
said air conditioner cooling or heating air by adopting a coolant, said coolant

10 being compressed by said compressor.




