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1 DESCRI PTI ON POLYPHASE CURRENT SUPPLYI NG CI RCUI T AND
DRI VI NG APPARATUS Technical Field 5 [0001] This
invention relates to an inverter technique.

Background Art [0002] Fig. 13 is a circuit diagram
illustrating the configuration of a conventiona

pol yphase current supplying cincuit. A single-phase ac
power supply 21 supplies an ac voltage V;,,, to a

di ode bridge 11. However, an inductance parasitic to
the power supply 10 syst eRBESCRIFGMINas an i nductor 22
connected in series with the ac power supply 21.

[ 0003] The output of the diode bridge 11 is supplied
to a smobothing circuit 12. The snoothing circuit 12
is conposed only of a snoothing capacitor C having a

smal | CRORNPIBASE CURBENTSIVRPLY ING GIRSUNE ANSY QREVENG APPARATUS

Thehrsem®idid Ng capacitor C can be reduced in size
because of its small capacitance. 15 [0004] A

[0} f | Bhis VRlehBORreVates @UnahRGbra&dhdffel he snoot hi ng

capacitor Cis 1nput to an inverter 13. In the

i , Switching of transistors serving as
Bk A

evices is carried out on the basis of a

vitohi e . ONT obtai ned f 7ol _
BBEET P, S hC P g AP BRTRAARMEof o comentions
The control

' i, Lied t t 4. -
R$lyBkask yiFeRioRRPRng Fsch X ARIS-PIHE AEEPIEH SUly G supplics an ac
1R3E D e oA (. FovisyFhorin ihiicbingg gagiite 0 the ower supply

(mechani cal angle) wnof a rotor of, the notor 24, the

sistepp | shgwn\as an inghgtar 72 corpedted waseries with dhogfcpawes shrply 21.

the inverter 13. These respective quantities iu, iv,

{0R031om Thaioytpl of thydiodedbridgs eisewppldeduty mgmaothing circuit 12, The
wel | - known technique. [0005] Fig. 14 is a graph

shovthing titeuit éRaisi comgluispd edyvedn sineothing) tcapalitbade hduing a small
and 25 rectified voltage Vdc, enploying a tine axis
ERABRIhcE O elglegevernlt s IT int@ofagddsaxiThe #moothing capacitor C can be

o

reduced in size because of its small capacitance.

[0004] A rectified voltage V4 obtained across the smoothing capacitor C is input to an
inverter 13. In the inverter 13, switching of transistors serving as switching devices is
carried out on the basis of a switching instruction CNT obtained from a control circuit 14.
Accordingly, three-phase currents iy, iy, iw are supplied to a motor 24. The control
circuit 14 obtains the switching instruction CNT on the basis of the currents iy, 1y, iw, a
rotation position angle 6,, and a rotation angle speed (mechanical angle) wp, of a rotor of
the motor 24, the ac voltage Vi,, and the rectified voltage V. input to the inverter 13.
These respective quantities iy, iy, iw, Om, ®m, Vin, V4 can be detected using a well-known
technique.

f0005] Fig. 14 is a graph showing the relationship between the input voltage Vi,; and

rectified voltage Vg4, employing a time axis common to them on the horizontal axis. A
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2 capacitance of the snoothing capacitor C was set at
20 i F. Since the snobothing capacitor C has a snal
capacitance in this manner, its rectified voltage Vd,
in turn has a very |arge pul sating conponent which
pul sates at twice the frequency of the ac voltage V.
Herein, the case in which the2rectified voltage Vdc
fluctuates between a little less 5 than 300 V and a
little nore than 400 V is illustrated. [0006] However, )
canatitaneg afhthesstheathinggcanssiteiydt iwas ®RNmatadl agpr oppeaathe smoothing
also allows <control of switching in the inverter 13
capacibercO hdsasmallicapaditanee puthéamiaoner, ite dentifiedrvobige Ve in turn has a
harmoni cs of current supplied fromthe ac power supply
vy lhugetpuisatdhg demboneiy evlith antbates mp teicertbafreqneneyvadrthe ac voltage
factor on the power supply side. 10 [0007] A technique
vof ¢ndinothkicag amnwhithethe eectifiddvaltagevdy; Hluethacairewéar a little less
significantly reduced in capacitance in this manner
thahl3oohessl Hlike ek hieth A007glieilRRasRIcapaci torl ess
inverter control. The single-phase capacitorless

[0006E" t BbwERR! cHind! th\Wewilth#fy {REUSHP TN asBappiBRidi ko allows

capaci tor as descri bed above as well as elimnating

chiifol rkﬁcs%ﬁ@(l#ﬂé %&le Ul Bi%er® % § e ACL RhardcRl wi Q\éé]tﬂ%%iﬁg,ereduction of

power fac I'Ch can achi eve size reductl

RS enrtehs SHHPLBE B B Pt bt Ao brdge 11 and
DRV PGEn! ] PEBLEEIR SRdR RN LPRNNon- pat ent  docurment
g P TR a3 820555 oo capotor sty
docunent 1: |sao Takahashi "l nverter Controllin

b dn gapasganceoinPizigvBiasRe Wikl dgrein be called single—%hase capacitorless
_High-Input-Power-Factor Diode Rectifier Circuit", 2002

iyestet eattiol.ut Eheosingie base eapaciorliss iniesteneonien) aHows size reduction of
Nati onal Conference, 4-149 (March 2002), p. 1591

aBnsolhisg capaoftord aswientried JtO0¢ 0 wadl aedipninbidag thio owegssithor using a
snoot hi ng capacitor C enployed in the single-phase

r&pdbt Ghpresimgithy poiver faxtuil dlichham @chioveldize reduction of a polystage
capaci tance. And the inductor 22 connected in

current supplying circuit as a whole to achieve cost reduction.

[0008] Prior art documents disclosing such single-phase capacitorless inverter control

are Patent document 1 and Non-patent document 1.

[0009] Patent document !: Japanese Patent Application Laid-Open No. 2002-354826

Non-patent document 1: Isao Takahashi “Inverter Controlling Method using

PM Motor having High-Input-Power-Factor Diode Rectifier Circuit”, 2002 The Institute

of Electrical Engineers of Japan, National Conference, 4-149 (March 2002), p.1591

Disclosure of Invention

[0010] As described above, the smoothing capacitor C employed in the single-phase

capacitorless inverter control has a small capacitance. And the inductor 22 connected in

series with this has an inductance of not more than a several hundreds of micro henries.
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25 series with this has an inductance of not nore than

a several hundreds of mcro henries. 3 [0011]

Therefore, the resonance frequency of a series

resonant circuit constituted of them corresponds to

har noni cs of very high order, ;e.g., about the 30th

order to 40th order as conpared to the frequency of

the ac voltage V;,, (several tens of hertz). The
[00U1 T Edreford) étreéonante fleyuatcypsiweserisuepdnandirauiteoestionted of them
has i ncreased harnonic contents of the 5

cHHQAPSIBNLIHARONRE dhvery hidhlotlef @lg. | 5@ MEL30th order to 40th order as
regul ati ons provided by I'EC (International

compitd o %l‘fé"ﬁieg ncy QMAeSad OBMagdeVer @Lngall R8s \WPARIZ). The current

).
[imt of a root-nean-square value of harnonics, and it

irpfit B% h?@%g 6’&’%& ngﬁg@ Ef‘%hé;}fegj;ré ;l%gtih&%&%dh Ri€ contents of the

ontents. met ho uci ng the harnonic

a%ge%%rgltoﬁedg%%&easi ng a series resonance 10 frequency
may BeoCons Gt ed. Fi g. 15 is a circuit diagram

' strating a polyphase current s i NQ__CJ. I CUi .
ieh® it bRk ealatieim, prlaoel ot HBRG eitpfigy Blectotechnical
The recto K.is, in the smopthing circuit 12, . .
COREUFRER) GeierBuns the WRRCLUTR: This FOtOTIISE Yl of harmonics, and it
.snoot hi ng capacitor C Therefore, the product of the
i5 degineble Hriedueriths aferemeationcd haswpBIEORIEHS. | e t he

resonance frequency decreases. Since the upper limt,

[@¥13] heAd B method v sedusingathe hagingaicofonientssiertegsing a series resonance
allowed to be a higher value as its frequency

fidgomenpsasy bteheonsediwed.i drigi A5 resomincos dingmue pibystriating a polyphase
consi dered as effective neans to conply with the

carént supplvingreedtuitagith atéavnst. K [ad8ddHo tHewmodthinghironit b2.  The rector
series resonance frequency is decreased, a problem

Kafid, S@s theN smbhghing RechR AR, Vinkérgedofin tRfie§ Aetwédrethe inductor 22 and
voltage Vdc is increased although the regul ations on

shBofhigTeRbdeof &7 PEhadRGECthd Droddti Sof kit RRfuctankd 8nd capacitance

results 1'h a nore significant "‘problemas the ac power
: i t i's i f e
SRLY i R TRy Bl (A B LR imi of e

Pl RAFARERHSE AR 415, RTHE Al g o ey
dgc(:er gs%g,e ef yeﬂﬁgtiignn it fressorxrloagct:eh iﬁ% mtar?c% 95' ?;E)r?sriéeirgt{] as effective means to
comply with the aforementioned regulations.

[0014] However, when the series resonance frequency is decreased, a problem arises in
that the peak value of the rectified voltage V4 is increased although the regulations on
harmonics can be adhered to. This, in particular, results in a more significant problem as
the ac power supply 21 is more unstable and as a distortion from the sinusoidal wave of
the ac voltage Vj, increases. This is because the capacitance of the smoothing capacitor
C is small as described above, and has a degraded function of smoothing the distortion

from the sinusoidal wave in the smoothing capacitor.

[0015] Fig. 16 is a graph showing the relationship between the input voltage Vi, and
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fromthe sinusoidal wave in the snoothing capacitor
25 [0015] Fig. 16 is a graph showing the relationship
bet ween the input voltage V;,, and 4 rectified
voltage V& in the case where the inductance of the
reactor K was set at 6 nH and the capacitance of the
snoot hi ng capacitor C was set4at 20 F, enploying a
tine axis comon to then1on the horizontal axis.

ion s run on se.in which the

reGRfd B)tog0Honiit HE S99 WETS HgonghOlehis ﬂlﬁcSW&Fmgﬂﬁﬁ‘&%;ﬁet at 6 mH
21 are 50 Hz and 240V,, and 5 further, a 460-Hz

angdithg eaperigancy of theganapihing 6aRAcHes Sowes set shefliHE: %plﬁaftn@& time axis
that such distortion was also enployed in the

cogiman et them potheherzantal gxihe Hmasiionfwas in onythe case in which the
Further, power consunption neasured 100W In this

voltagerost by 1p&awhila thecratifgs dfghe pe power spplpol t angeé OMdoand 240V, and
reaches as high as 470 V. [0016] For instance, the

furthet] mA60rHEL,i 30V distdition vedthgd med suptrpage (Udshomld b&MoteiOthat such
(Intelligent Power Mdule) used frequently as a power

distodlishewad alsdcemplged dh thd disulagencfoal diaibing Me @aph ofnFig. 14).
overvol tage protecting function of stopping swtching

Fuethet, hSowér ¥8sufiption” mBARKGE 1I00W.t hinS tHifMavd) ethet PRikaGatue of the
vol tage rises to be or higher than the nmaxinmmrating

reame%rmfag@% 1906t as Aidhi 5oty f or operating this

overvol tage protecting function fluctuates in voltage

(of Pyt UF‘Q(? ﬁu'étah&é ern%(hﬁﬂm' %%t?ﬁgarotfe& ?Cb't'ilﬁ%ﬂng%ﬁz{ggmvdc of IPM

ions In s conponen
ance i rabl,e to.suppress
ﬂlf* ‘ng‘F awsroﬁ‘%%dd*i@ TFEUBBUT e FONEE QAL gy pygrier 13 3
rvol tage otectin nct.i on .t o

s GRENE A V{000 ﬁ%rvgtéaerﬁowfga% EBRHaR oL sTarPipe tching of the
. above there is a concern that the_ case, of n%é .
inggrsy; foF ryotenting dhist BM rvken; the ag vojtage ripey 1Qy 08 @inhigher than the

the overvoltage protecting function 20 from being
mypama wiingis empleyedount er to the harnonics

regul ations, and the case of providing the reactor K
[00FT]g. ASircuit for opeyatingrthis ovptvpltage proteeting funetinn dictuates in voltage

regul ati ons but causes the overvoltage protecting
atfwhich ito ppératidre isoypaertedtreghlting from fluctuations in its components. In light ,of_'
these circumstances, it is desirable to suppress the rectified voltage V4. at about 450 V in
order not to cause the overvoltage protecting function to be operated.
{0018] Considering in accordance with the above, there is a concern that the case of not
providing the reactor K (Fig. 13, Fig. 14) prevents the overvoltage protecting function
from being operated but runs counter to the harmonics regulations, and the case of
providing the reactor K (Fig. 15, Fig. 16) can comply with the harmonics regulations but
causes the overvoltage protecting function to be operated.
[0019] This invention has been made in view of such problems, and has an object to

suppress the peak value of a rectified voltage while reducing harmonics of current

supplied to a polyphase current supplying circuit when effecting the single-phase
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[0019] This invention has been nade in view of such
probl ens, and has an object to suppress the peak
value of a rectified voltage while reduci ng harnonics
of current 25 supplied to a polyphase current
supplying circuit when effecting the single-phase 5
capacitorless inverter contros with a snoothing
capacitor significantly reduced in capacitance.
[OOZOJ A first aspect of a pol yphase current, supp
cappgitoless GRVETH s Conitpb nwitdn a E@%&F‘%@P%@F oHEnige ﬁ‘/ reduced in
(11) performng full-wave rectification on an ac
capatitange (V;,,); a b5 snmoothing circuit (15) having a
smoot hi ng capacitor (C) and outputting, in response to
[0820Joutdpufirsbfaspéne afi edpolyphasp, carrent csupplug vatcuigefl Whis invention
havi ng pul sation at twice the frequency of the ac
congprisagen dibdengioapl(1 Enskafemind fulswaod Ractificatipesn foac ¢&ltage (Vin); a
and an inverter (13) outputting, in response to the
sth@sthinkicdui 01 3)d@eingtad ensnhinphasscing (Cyaidoitputting, inl response to an
iw.) I'n accordance with the pulsation. The snpothing

oitptitCofi the Uile WG, adeétfRGl WitagkV }Qa@iﬁ lshtiéﬂ Bgtvﬂce the frequency
series resonant circuit together with the snoot hing

ofCR@?adéSW’EﬁE‘gqugnaoﬁE}p @%gs ¥%E+éesr’ﬁb'&ﬁfn%s tHC and B8 1nverter (13)

| ZD) “suppressi ng a peak
ARyl HEETE R IRl Sl AR A0 oo i

circuit of. t nventi eak val ue .of, t
acingcfapg? enith op'l aé’é‘islf‘go%upp ssSgEPO{?\ﬂPg ec\r(‘élﬂﬁclpﬁlades a reactor (K)
har.nmoni ¢ 15 contents of curret su Iledth r.eto el
cHERREny RS FPionam FERRL RgriBer, NALE te, Smortis e“é;‘Ea"‘ or; and a
inverter control wth the snDothl aCIt0§%§
Pk AdeSUPRTSaIBE devian €8s R GoX) Sk @@cﬁ%g&a% ) SYpPEepsing a peak
pol yphase current supplying circuit of this invention
valge ot the rpadifiggheliageur rent suppl ying circuit according
to the first aspect, wherein the peak-value
[092ppr edstardingddo itipee firsh abprde of the polyplase DIrenhshpplying circuit of this
capacitor (C5) connected in 20 series between the pair
invEnigdig she pedkhealsarobthei ragti fiaipadtdgeris sapmlesed ovigle reducing harmonic
consum ng part (& 16) connected in parallel wth the
cERORET bPourdntli SuPFlidd NhéreN e refiictih® wheatihioghkdled single-phase

capacitorless inverter control with the smoothing capacitor (C) reduced in capacitance.
[0022] A second aspect of the polyphase current supplying circuit of this invention is

the polyphase current supplying circuit according to the first aspect, wherein the

_ peak-value suppressing device includes: a diode (Ds) and a capacitor (C;) connected in

series between the pair of ends of the smoothing capacitor; and a power consuming part
(R;; 16) connected in parallel with the capacitor. A direction from an anode to a cathode
of the diode corresponds to a direction from a high potential side to a low potential side of
the smoothing capacitor (C).

[0023] According to the second aspect of the polyphase current supplying circuit of

this invention, when a large amount of charges abruptly flows into the series resonant
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of the diode corresponds to a direction froma high
potential side to a |low potential side of the
snoot hi ng capacitor (C). [0023] According to the
second aspect of the pol yphase current supplying
circuit of 25 this invention, when a | arge anount of
charges abruptly flows into the series resonant 6
circuit, part of themis consuned by chargi ng of the

.capacitor. (C5). This presses i ncrease jn.the

citfakt, B ORHIELY GOSUTRA BV IRHALEEE Bh e SAPATIEF (Cahg ,ﬁ%wpfesses an

. when the voltage across the capacjtor_ (C5)

ingrepgsoingthe MVoltagesacsosshe smepbargcapackord e And; gten when the voltage
voltage (VvdO) is avoided by the function of the diode .

aof @) the Taparitor KEs)cliempgeatily ajsge.i ainceasy i shejrastifiad yolage (Vae) is
5 by a power consum ng elenent. [0024] A third aspect

awfidediey the fiyphias ef ther diede (BdppThem ghechargsd capacitdri(€s) is discharged
invention is the polyphase current supplying circuit

bys poweli cugstiinighderaetond aspect, wherein the power

consum ng part is a resistor (Re). [0025] According to

[0ohe] t hA iirdapeet ofathe b phadeyqitRaesupplyiag cirsuippf thid@vention is the
circuit of this 10 Invention, power can easily be

& pRddnen supel icfre@it a6ERABMStoSThe ot adpeét, wherein the power
pcggl?gitor ((‘Zjbi’?.ﬁ?%gzg] R fou??h aspect of tpﬁe waEE P

| yi ' it of this i ti
o e BT emt " Suppl vi ng < roui © accor di ng
[dgg}i 1 h?éé&?&ﬂ&é@%eﬁﬁﬁd eﬂp%réedfr{hé Bgla/g{? ercun%ﬂpsctl\‘b?;.lﬁ%% circuit of this

a power supply ) for rcircu

R PR iy P S oS Ry o kdfs SRISIEATBE capacioor

é§n effectively be used on the basis of charges stored

(& t he capacitor (C5). [0028] Afifth aspect of the

dool ¥phase current supplying circuit of this, inventi.on .
[G026] heA fourtly gpResk of the BYPRAFS AUFHCALSUAPIENE Cirgyit §f dhip gnvention is
to any one of the second to fourth aspects, 20 )

theimel yhase erarene applying sirsuip peeosding do the\seeend aspegiewherein the power
i ncludes a resistor (R5) connected in

consuming part is a power supply (16) for another circuit.

[0027] According to the fourth aspect of the polyphase current supplying circuit of this

invention, power can effectively be used on the basis of charges stored at the capacitor

(Cs).

[0028] A fifth aspect of the polyphase current supplying circuit of this invention is the

polyphase current supplying circuit according to any one of the second to fourth aspects,

wherein the peak-value suppressing device further includes a resistor (R;) connected in

series with the diode (Ds) and capacitor (Cs).

[0029] According to the fifth aspect of the polyphase current supplying circuit of this
invention, an inrush current in the initial state where the capacitor (C;) is little charged

can be suppressed.

[0030] A sixth aspect of the polyphase current supplying circuit of this invention is the
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series wwth the diode (D5) and capacitor (C5). [0029]
According to the fifth aspect of the pol yphase current
supplying circuit of this, invention, an inrush
current in the initial state where the capacitor (C5)
is little charged can be suppressed. 25 [0030] A

si xth aspect of the pol yphase?current supplying
circuit of this invention is the 7 polyphase current

plying circyit according.fo t fth asp
pofypRe) FHITORE SHRRLARG TG a8 wgstg.tﬁa ARt sy the peak-value
includes a switch (Si) connected in parallel wth t
Sumﬁ%ltg)#ew%qqéaﬂhe[ @%&%@%W@} (R ronperted i&?ﬁaﬁglp%b the resistor
of the polyphase current supplying circuit of this 5
(R)avention, the switch (SI) is shorted after the steady
state is obtained to nake the resistance of the
(002 stAacordie) toathp aiahbpect ef the pdlyphase amrenicupplyingtdigsuit of this
effect of suppressing the peak value. [0032] A
inesien;} kheasywitch (81) tihrehmaddy pfies ehec steadntstseipploptaiged to make the
circuit of this invention is the pol yphase current
reSiStReY0MBe fosistdti(R,)apparedil y gelopwhith danritdresRReEffect of suppressing
wherein the 10 peak-val ue suppressing device is
thepeukaled in parallel with the reactor (K), and the
peak- val ue suppressing device includes a resistor

[O()f#-] ﬁg 0Q3Rin 4 E&rcﬁ' th¢ Ipéﬁ'ﬁﬁik% &%ﬁpg%ﬁﬁg elre@t of s invention is

se curr nt supp g circuit

{Bﬂagg u&*x@:ﬁt sﬁéﬁ)lﬁ %(rj éa!n% acb%fnvd%’?ﬁ:?grﬂl?n}*s? 9%39&' Retferein the

esonance gen

ng_capaci { or ( reduc e c
Pe&fg%  FpppRRRE dent ¢ aﬁeﬁgmo?m?ﬁ? Bl bR SR80, and he
pa i tor avoi d S resses the peak
e&flpler%@we@?wq @aﬁﬁsﬁ o e). [0034] Anoi ght h
ect of the polyphase current  sup ng circuit of
[Ophf iAfFerting #0 the sqvrRthsPsss e sthe ¢ xpilﬁﬁe SYEML phpRJying circuit of
circuit according to the seventh aspect, wherein the
thisdakenrignubesepipoe i) rgrge os d@mpmgtag@rnsr the|rgenngnes generated by the
switch (S2) connected in series with the _
reactor (K) and smoothing capacitor (C), which reduces the resonance. Accordingly,

abrupt charging of the smoothing capacitor (C) is avoided, which suppresses the peak
value of the rectified voltage (V).

[0034] An eighth aspect of the polyphase current supplying circuit of this invention is
the polyphase current supplying circuit according to the seventh aspect, wherein the

peak-value suppressing device further includes a switch (S2) connected in series with the

 resistor (Ry).

[0035] According to the eighth aspect of the polyphase current supplying circuit of this
invention, the paralle]l connection between the resistor (R;) and reactor (K) is
disconnected in view of the fact that the function required of the resistor (Ry) is decreased
in necessity under heavy load conditions.

[0036] A ninth aspect of the polyphase current supplying circuit of this invention is the
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20 resistor (RL). [0035] According to the eighth
aspect of the pol yphase current supplying circuit of
this invention, the parallel connection between the
resistor (RL) and reactor (K) is disconnected in view
of the fact that the function required of the resistor
(RL) is decreased in necessi8y under heavy | oad
conditions. 25 [0036] A ninth aspect of the pol yphase
urrent supplying circuit of this inyention is the 8
Pog,mlgaaﬁ gugent upelyinescipyitachgrding i the st espastn &fimnt the peak-value
first aspect, wherein the peak-val ue suppressing .
SURBREPHBE | devatsn e cobrpcted paaralisl writh Hthe henagteisg heapgcitor (C), and
capacitor (C, and conducts when the rectified
copgdheta yhep\itie reasificdeddtage (Y ocd expreds at Bshpredeterrningd valugdand does
does not conduct when it falls bel ow a second
nqbreeddua rwhereit fabd belowoa s¢rogtepreddteminéd value siot higher than the first
predet erm ned val ue. [0037] According to the ninth
pradqreatined valbe. pol yphase current supplying circuit of
this invention, control is exerted such that the
[008Z]} | fAQDrdiaL ta 8RR diMiCaspeaes tﬂ@bol?ﬁﬁmﬁtuh’eﬁt $upbBfing circuit of this
predet erm ned val ue. [0838] A tenth aspect of the

inPERHRN BSRrAlUS ELHedSHBR kbt Rtk ebfifisd VoRdgel(Wi,§ doBY 85t d:@Bed the first
is the 10 pol yphase current supplying circuit

pr@&&@ﬁfﬁh@@vﬁﬁeﬁ he ninth aspect, wherein the peak-val ue
suppressi ng device includes a resistor (RB) and a

b1 Cch ' i i . Ot . T .
10B¥81 S gty SARAESE B0 phlyehle el biboRRC oD i Bfention is the
xceeds the first redet ermi ned yal u and, the switch
PATZPISF SuticnwrpRing diedtasciling s e ahéch e 1 Peak-value
bel ow t he second, predet ernj ned val ue 00391, . . .
SURBSHIE 45 V108 IR @ESIa (Redang e w@haé?yﬁm@@dea (PR with each
suppL¥%$g circuit of this invention, since the
othels| sty spigh isstupsdner twlen wheospctificd) voltags ¢Vye) exceeds the first
snnothjng capacitor (C) when the rectified yoltige
preseienmingd velhe, and the switchoisciyened off yden\the wectifiedevadipge dVac) falls
of charging the snoothing capacitor (C) can be
belewdibeskcond pradetegmired vphiek val ue of the
[0039] According to the tenth aspect of the polyphase current supplying circuit of this
invention, since the resistor (Rp) is connected in parallel with the smoothing capacitor (C)
when the rectified voltage (Vg4,) exceeds the first predetermined value, the speed of
charging the smoothing capacitor (C) can be reduced, allowing the peak value of the
rectified voltage (V) to be suppressed.
[0040] An eleventh aspect of the polyphase current supplying circuit of this invention
is the polyphase current supplying circuit according to the ninth aspect, wherein the
peak-value suppressing device includes a Zener diode (ZD).
[004]1] According to the eleventh aspect of the polyphase current supplying circuit of

this invention, the peak-value suppressing device can be obtained with a simple

configuration.
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rectified voltage (Vvdc) to be suppressed. 20 [0040] An
el event h aspect of the pol yphase current supplying
circuit of this invention is the pol yphase current
supplying circuit according to the ninth aspect,
wherein the peak-val ue suppressing device includes a
Zener diode (ZD). [0041] Accokding to the eleventh
aspect of the pol yphase current supplying circuit of
his |nv tion, the peak-yal ue pressj ng devi.ce can
[0B42 D1t B APRecaS) ﬁ‘iﬂ"éa/ ing 0G| Igygnaion ofPmprisesp dhepolyphase
A driving apparatus according to this invention
custenp pUppbEng eheuipagoppting éo awyupnenf the figp throvgh elgventh aspects; and a
according to any one of the first through el eventh
dritgpe pars driverdingresponbeforige palyphase acequrientsi(@shokse to the
pol yphase ac currents (ia, iv, iw). [0043] In the
[0843 Vi g thp deviigrppaatucs aticngﬁng) ta this inveuton,ithe firsthtbrough eleventh
first through eleventh 5 aspects of the pol yphase
aspeitts efithepopphysenaineht supplyingyirbet applbeagpliddd044] These
and other objects, features, aspects and advantages of

[(K)biqi\ | TheRO hdBthét bbjecthefeafiRedTaESE BRI RVanthf & a1t ths invention will
follow ng detail ed descrlptlon and acconpanyi ng

béébﬁi@' RfiRe dPphht BRERT iHRL Edvihg [Héﬂﬂéﬁlgﬂe%phgg@d accompanying
Fig. 1] is a circuit diagramshow ng a driving
Qatus according to a first enbodinment of this
t|on [Fig. 2] is a graph showi ng the effects of

BhﬁﬁDg§%%th0?B? fhds according to the first

Invention. [Fig. 3] is a graph

effects he driving.apparatus, accardj.n
(RSY it 5 LR Daeinih s brne i SRR PR fEPEl o a first
% u|t di agram showi ng the configuration of a
1y ‘P‘!}l)B’ﬁﬁE $ARYSHIONS yppl ying circuit according to a

second _enbodi nent of this_inventian.
[Fig. 2] is a graph showing the effects of the driving apparatus according to the

first embodiment of this invention.

{Fig. 3] is a graph showing the effects of the driving apparatus according to the
first embodiment of this invention.

[Fig. 4] is a circuit diagram showing the configuration of a polyphase current
supplying circuit according to a second embodiment of this invention.

[Fig. 5] is a circuit diagram showing a driving apparatus according to a third
embodiment of this invention.

- [Fig. 6] is a graph showing the effects of the driving apparatus according to the

third embodiment of this invention.

[Fig. 71 is a graph showing the effects of a conventional technique.

[Fig. 8] is a circuit diagram showing a driving apparatus according to a fourth
embodiment of this invention.

[Fig. 91 is a graph showing the effects of the driving apparatus according to the
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[Fig. 5] is a circuit diagramshow ng a driving
apparatus according to a third enbodinent of this
invention. 20 [Fig. 6] is a graph showing the effects
of the driving apparatus according to the third
enbodi nent of this invention. [Fig. 7] is a graph
showi ng the effects of a convntional technique. [Fig.
8] is a circuit diagramshow ng a driving apparatus
g%ﬁordi ng to a fourth, enbodi nent of this invention.
foprsh embgdiment pLihis igveRiPishowi ng the effects of the
driving a gar atus according to the 10 fourth )
enbodil E bis atgiaph shovang thsreffects of the diiving appgyatsiaccording to the
showi ng the effects of the driving apparatus according
fongh embodineant ohthénpeitiamt of this invention. [Fig. 11
] is acircuit diagramshow ng a driving apparatus
accor dFey 11 bisaa Eirtuih diagraamishadwimend dofinghapparatwsesticbniing to a fifth
[Fig. 12] is a graph showing the effects of the
emsadimegy fplniafimtensionccording to the fifth enbodi nent
of this invention. [Fig. 13] is a circuit diagram
i1 ust{Fad 1 PPistahRamPsHonans eel «ffectf ofahé BAVIAB appiatus according to the
pol yphase current supplying circuit. 10 [Fig. 14] is a
fifih aRBo SRR ShiiavaRpmat i on of the conventi onal
pol yphase current supplying circuit. [Fig. 15] is a
Ci r cuigk: diagr . . . 0 :
pol ypiiiits 138 ctontCHERLlT Ank i M, SRR § conventiona

pg%g%ﬁgﬁﬁl ignlg\éﬁguit?.y the invention. [Fig. 16] is a

operation of the pol yphase current
suppl yin 5 circui,t f.or .expl ainin roblens to be.
ol ved Tty 14138 o sohiHostinE HECPeRte b CoFoans? paphase current
this,l nvention
Supplying circuit.
[Fig. 15] is a circuit diagram illustrating the configuration of a polyphase
current supplying circuit for explaining problems to be solved by the invention.
[Fig. 16] is a graph showing the operation of the polyphase current supplying

circuit for explaining problems to be solved by the invention.

Best Mode for Carrying Out the Invention

[0046] First embodiment

Fig. 1 is a circuit diagram showing a driving apparatus according to the first
embodiment of thts invention. The driving apparatus is provided with a motor 24
serving as a driving part and a polyphase current supplying circuit for supplying
polyphase currents thereto.

[0047] The polyphase current supplying circuit includes a diode bridge 11, a
smoothing circuit 15, an inverter 13 and a control circuit 14, all of which are connected
between power supply lines L1 and L2. Specifically, a single-phase ac power supply is

connected to the diode bridge 11, and the diode bridge 11 performs full-wave rectification
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[0046] First enbodinment Fig. |I is a circuit diagram

showi ng a driving apparatus according to the first

enbodi ment of this invention. The driving apparatus is

provided with a notor 24 20 serving as a driving part

and a pol yphase current supplying circuit for

supplying polyphase currentsitthereto. [0047] The

pol yphase current supplying circuit includes a diode

bridge 11, a_ snmoothing circuit 15, an inverter 13 and
ong ag it Veltagei Vourrd 18ppligs) itopetyieer Fihg - Bowg e dines L1 and L2

bet ween power sup lines LI and L2. Specifically, a
Heswvewgt.ethg mmerawppgwime% Lppand L2 czsre(smmgm de p@SltlYﬁe and negative

di ode bridge 11, and the di ode bridge 11 perforns
polarities wef\eoltaget réspestivedy, drtl then pewencupplly t lamge 1Y is, supptied with a

supplies it between the power supply lines LI and L2.
potémtial/ aot, hither thanehe poyed supblynbise L. afte dweosopspdind L2 may be

to the positive and negative polarities of voltage, .
gro@ijeact i vel y, and the power supply line L2 is supplied

wth a potential not higher than the power supply

[ob%sge e JJ]%R@;;@N.,%@@{]%pﬁeanSyL& HRYpor supPlyoundediowever, an

48] The ac voltage V;0 is supplied by an ac power

Slﬁ}asn'ip‘f@‘ﬂ?er oWREE sUpPAH CYAEA IR 38 ideb&ibel %Bee and Fig. 1

pomer pply syste exi st's "as” descri bed above,
[
shglévrg thl} as él?ﬁ%’cﬁ ESP gg cggnmegﬂed S’lﬂggfiés"\gﬁ ﬁ&%&#‘%ﬂpﬁl? 21.
ng._cir Guit 1s ha nDothl
P BRSSLeRl ARl B, L Ropling ApauliR R o Jeactor K
ar | g CI cui t e . .

cqaeh peied Hevpdvetapnply (s b faf 120 wanilaeh, fﬂéhﬁaﬁmm&lng circuit

bet ween t he_inductor, 22 and snpo apaci
12 I hs Geneter Beis anserig ia ARFOPHY IgSUPR is Bﬁ nodla inductor 22 and

rectified voltage Vdc as an output fromthe snoothing
smagqtlipng tcaparitor §050T herhethsensist off g sneathing cepagitor G dpold 2 rectified

i ncludes a diode D5, a resistor RS and a 15 capacitor
vaiigge Yanascineelitput fsﬁnltlmfssm@ﬁh\mgmmmlﬁomer supply lines

LI and L2. Connection
[0050] The smoothing circuit 15 further includes a diode D;, a resistor R; and a
capacitor C; connected in series between the power supply lines L1 and L2. Connection
is made such that the direction from the anode to cathode of the diode D, corresponds to
the direction from the power supply line L1 to the power supply line 1.2 (i.e., direction
from the high potential side to the low potential side of the smoothing capacitor C), and
Fig. 1 illustrates the case in which the diode D; has its anode connected to the power
supply line L1 and its cathode connected to an end of the resistor Ry, the resistor Ry has its
other end connected to an end of the capacitor C,, and the capacitor C; has its other end
connected to the power supply line L2. It should be noted that the diode D, resistor R,
and capacitor C constituting a series circuit may be interchanged in order.

[0051] Further, a resistor R; is connected in parallel across the capacitor C,, and a

switch S1 is connected in parallel across the resistor R;.
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- capaci

I's made such that the direction fromthe anode to

cat hode of the diode D, corresponds to the direction
fromthe power supply line LI to the power supply |ine
L2 (i.e., direction fromthe high potential side to
the | ow potential side of the énnothing capacitor Q),
and Fig. 1l illustrates the cd%e in which the di ode D5
has its anode connected to the power 20 supply line L

[ObSQPd The itRRPA8 fRanes ipd rEQifRa € gefv&,h and &8pplidd’ three-phase
the resistor R, has its other connected to an

t@fu, {he GPRRGhOBE 240 Tﬁgﬁim;e?ﬁr QQ@%'ﬂﬁr@f tmsibess u{pﬁer—arm side

o end " connected to power supply Tine L2.
tré&?éi&ﬁ %ﬁe@%@ﬂﬁ :{‘%@11%&9& Qérﬁfé%teg% 8ok s r}@?ly ¢ L1 and three
I'n a series C|r be
|nt rch ed in O rther
it BOPG e, o  nsistorsl s b s%p%l.ﬁ Spbie o the power
25.swtch. Si s C ected in parallel. across
sl dins L Eath 0B erere sy drnsatre .Pegsc? (g each of the
i e Sra S e T Bl iy g sideransios
has three transistors. upper-arn15|de transi stors)
theaelastori ofg 2 dowist-rer tside onRsiser awired Witk qgémth@uerﬁl gonnected in
line LI and three transistors (lower-arm side
commnoesj ancihs )cugants ij aw inare antptiftone theirorensedtisn nodet h@n-off control
power 5 supply line L2. Each of the upper-arm side
of eavhsifsthe uppesarpabide transistorseamhlovferiang sideotzansisionnis exierted on the
transistors in each phase. The emitter of an upper-arm
badiglef 4 senchiag distration CRA el the tatralfcirduilt dder - ar m si de
transi stor paired with each other are connected in

[Go3oNg Madid BE netédr @Rt SadhUef the uppeYladh i@ irBikistbfsOdd lower-arm

“their connection node. On-off control of each of the

stABRESRIA § ‘liﬁ?o%&éf‘%tgtaoﬁ%e ﬁgﬂeell msﬁz{dﬂm lal&node connected to the

transistors s exert on t I's of a swtching
oulr %té gﬁh?dg %r?{l%?iehqg th& 25[1%&019 I tgttﬂ'_e}a ;torlnﬁg“l 59 Qgg%]nc}ahve current

ragﬁlsto&? and | ower-arm side tranS|stors is
?h a free wheel diode having an anode

dtot en1t and a cat hqde. connected t
: [Q:[}?gﬁ]col Bc PRI CHF‘HEr ‘{eoobtfué’\ﬁ/ the, syats |9WHPPeg‘1NT and an

fromthe notor
opening/closing instruction CNS1 on the basis of the currents iy, iy, iw, a rotation position

angle 0,, and a rotation angle speed wy, of a rotor of the motor 24, the ac voltage Vin and
the rectified voltage Vg4 input to the inverter 13. These respective quantities iy, iy, iw, Om,
®m, Vs, Vg can be detected using a well-known technique.

[0055] Now, power consumption at the resistor R, causes charges stored at the
capacitor Cg to be consumed. That is, the resistor R; can be understood as a power
consuming part. The speed of the power consumption is determined depending upon
time constants of the capacitor C, and resistor R..

[0056] In the case where the amount of charges stored at the capacitor C; is small, the

voltage thereacross is also small. Therefore, even when a large current is supplied to the
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15 . [0054] The control circuit 14 obtains the
swtching instruction CNT and an openi ng/cl osi ng
instruction CNS1 on the basis of the currents i,,,
i,,, ill arotation position angle Omand a rotation
angl e speed Umof a rotor of the notor 24, the ac
voltage Vin and the rectifien voltage Vdc input to
the inverter 13. These respective quantities i,,,
iw, Om Om Vs, VdC can be detected using a

pqmqusupnlavknet btvin theereactor Kobpahe Resigs 1gsmance shatgepflogw into the
at the resistor & causes charges stored at the

snaetlEing capacior 1 b thecomentrarg. supplied foscharging pEthiegapaciter C; passing
can be understood as a power consum ng part. The

thepeadhe flidded.p o Binceamnsurrent flomvsiis thie dedeilexied ependhe gmount of
upon time constants of the capacitor Cs and resistor

charges[ 36¥eB]at | the tcapadits eC, V\Imereasésh@o almmuhe chhrgif@vghlsge exceeds the
stored at the capacitor C, is small, the 25 voltage

rebiREE QRS Vi thé %lt&%@h&mss—r Ity Qxfn@b@mngevmciltblem d.e., the rectified

| arge current is supplied to the 13 power supply i ne

vdljragt“\!%c fsh@ssrlﬁ(@fﬁftt%rnsg by the series resonance, charges
[ own Tnto the™ snoothing capacitor 15 by the current

) APy A GOPAE i TS e
p erqg grlr’sggié y\émgl{kﬁcslri]og'a és ISIr ngﬁh Fﬁ}%ﬁﬁ‘gﬁ"gﬁgﬁ% %fjth@tcapaator Csto
bevﬁ' e e?ﬁlh@%ﬁwﬂ%ﬁ%fg‘f dep?éaﬁﬂa%%%e Wi W ppgunt of current

ﬁ%%&}%ﬁé%\/gg%%ge éll]{ng ! egqsqr%{g[c(q? lp ?A@rééhgﬁmalrfgre sx.]ppresses an

supply line LI decreases, power is consunmed by the

incregpesinghe F@CU@Q‘@@PH%@UIG@ anmount of charges at the
capacitor Cs to be decreased. This facilitates

[09a8] gi Frgrro diffesens speanti aforiewstharranacites Garie praparsdl with small amount
current 10 supplied fromthe power supply Iine LI

of cizargess esd whzn a lavige @mauneoféimargessilipws oge ¢lse semies resonant circuit via
increase in the rectified voltage V& [0058] From a

thdi pdvesreqiipppoling LA puitest, theheiscapdamed rbyCeharging rafphe edpacitor Cs.
with small amount of charges, and when a | arge anount

This suppfeaRs ahlifuhBask th @hd PeltapracRSs HRSANGHthingidagabifor U. 2 And, even

when the voltage across the capacitor C, temporarily rises, an increase in the rectified
voltage V4 is avoided by the function of the diode D;. Then, the charged capacitor Cs is
discharged by the resistor R..

{0059] Fig. 2 is a graph showing the relationship between the input voltage Vi, and
rectified voltage V¢ in the case where the resistances of the resistors R; and R, were set at
122 and 20k, respectively, and the capacitance of the capacitor C; was set at 47 pF
under conditions similar to the simulation shown in Fig. 16, employing a time axis
common to them on the horizontal axis. The peak value of the rectified voltage Vg
could be suppressed at as low as 450 V.,

{00601 As understood from the above description of operation, the resistor R; is not
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the power supply line LI, part of themis consunmed by
charging of the capacitor C 15 This suppresses an
increase in the voltage across the snoothing capacitor
C. And, even when the voltage across the capacitor Cs
tenporarily rises, an increase in the rectified

vol tage Vdc is avoided by thd4function of the diode
D5. Then, the charged capacitor C5 is discharged by

the resistor R . [0059] Fig. 2 is a graph showing the .

al WIS QP EHH) @CEE{%@&@{ Ve RERRSISE Al e i hgit ins peak
rectified voltage V& in the case where the res'sLancef

valye. { (8 the SFer JB0AD R dnIRE! SIGWEEE e o ¥oB2ES, X is applied to the
20kS2, respectively, and the capacitance of the

potypbassi QuaenGPREENE eircyit, taercapacifiprder is disirichargnds which may cause an
to the sinmulation shown in Fig. 16, enploying a tine

inaixh surren nevbe inpoit.t hisns therafors desirablemn e initiab poimhef Wag ko open the
val ue of the rectified voltage vdc could be

swétch (511 s siedte ahe fimctiomvofithe4B€istor R2 5{ff@d@0nd\en thedwherthmod, to short
fromthe above description of operation, the resistor

th&Bwitch BOtafibd thenbta@miyssinrce Shadined wnthakayher @bidancdrall ehearesistor R
resi stance value of zero for controlling its peak

ap?ﬁ'eﬁﬁ—‘y 760, t BacKbpatingyaliding! dontroE of fHel dvitchSS Risceffdeddeon the basis
he ac voltage V;,, 1s applied to the polyphase

of th¥ SIRRL - I penink/cfitide inkhstaragsior C is little
charged, which rmay Cause an inrush current to be

heaut @l taiss .t f .desi | 0 ekl b aknd Qidat th
(0BEF Fig 135 gt BEPR SoRAfiE e et B SR hE AP PASK! where the

of the si_st.or ef fect | a t her d,¢
refgaiiort FERENaLR fecE T ¥ TS bttt B BECreRBor Fie. 2, the

obt aj ned .t o e, the resistan f the . resistor RS
DR SAERT 1y Tsiiord tsloe SheRisAEr B bt Sober of of the

switch S1 js effected, on the basis of e ) .
[OQ%VeM@gdmsa@dﬂlspcawpwg/cé@%%s A tl?%%w%t%raﬁn @Rkiee suppression of
_[0061] Fig. 3 is a graph showng the results of .
ingysheuEreniomnd srpPrRssien s el valuerad the eeqtifisd yoliAge Vs 0n His basis of

resi stor RS was set at zero. As conpared to the
the diftdrenceof the igitiad statehand sieedl sted¢-.ue of the rectified

voltage Vd, is smaller by about 5 V. [0062]
[086%r dHenghd/embixdimepeni ng/ ¢l osi ng of the switch Si can

achi eve suppression of

Employing the resistor R, as the power consuming part, power can easily be

consumed on the basis of charges stored at the capacitor C; by heat dissipation.
However, a power supply for another circuit maﬁr be employed as the power consuming
part. This is one embodiment of an effective use of power.

[0064] Fig. 4 is a circuit diagram showing the configuration of a polyphase current
supplying circuit according to the second embodiment of this invention. The case of
employing a switching power supply 16 serving as a power supply for the control circuit
14 in place of the resistor R, described in the first embodiment is illustrated.

[0065] Specifically, the voltage across the capacitor C is supplied to the switching

power supply 16 for the control circuit 14. For instance, a power supply line L3 is
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i nrush current and suppression of peak val ue of the
rectified voltage Vdo on the basis of the difference
of the initial state and steady state. 15 [0063]
Second enbodi ment Enploying the resistor R, as the
power consum ng part, power can easily be consunmed on
the basis of charges stored ats the capacitor CS by
heat di ssi pation. However, a power supply for another
circuit may be enployed as_t he paower consuninq_ part.
compcted © aneendnpbthenednacier Gn a1 e Power, swpnby ligshd2 and L3 are
20 [0064] Fig. 4 is a circuit diagramshow ng the .
coppgetedyter thei sovitchingappsrygypalyel & ur Flemswitehipg pgwagsupply 16 supplies
circuit according to the second enbodi nent of this
ani yoltage ilHno thith eonted ecinshiit kehph ahe fhgsia of pavesi sugplgsivéom the power
supply 16 serving as a power supply for the contro
suppliydines L21ahdi I3.pl Sieee tife sshiehingspevarsuRplydiéseutpited smmll output of
the first enbodinent is illustrated. [0065]
abbpeDIWi €l dnyoothifig Audtioagan derdissinéd® £ dpgaed tiau the. swisching power
supplied to the swtching 25 power supply 16 for the
suﬁgl&t 1r6%g§ilrésCeHzleh wifén effPloyins b FARR of AbRAVIA uSAOHBE Yapdciter C..
is 1 connected to an end of the capacitor , and

[0D6 PRWRe SHAPRIsYart URRsh EAnPid doth 8h&s of BRNGPAGHT (Q Vil ehe power
swi't chi ng power supply 16. The switching power supply
sugjﬁ’lgsl' i !Ilf%?d 28y \t}cﬁﬁgf ﬁiéegé’?ctr&% ig QOiRk. CAE@deitnlggf; B diode D,

Si g poiver sup romthe power  supp
COlS‘B{‘]%%tvlg‘%gggagFafL‘{?Pr%’iﬁﬁ f‘)@‘?‘@%ﬁ%ﬁ%yﬁn W?ﬁ%ﬁﬂ%gﬁ? ggnsumption
Py e i s a0l 1 N A B RS erl G, e before the inverter
copBOBEY B SEuTaHFgUs RO HARRAD AR e s, - BFERAgH-conducting

t he capacitor C5 via the power supply lines L2 and .
Thig copgustipn|af 4be dicde Laapspscureent () flewdintonthe gesistag Ry, however, its
the diode D5 conducts within an appropriate
rogbdae-sivage vahigds ismalcat @baetnssovesal tenstdfemidliarsperes. icensing a loss of
power of the control circuit 14, even after the
atoap @ in'By wlkchi is noh disadscintagt qrastidulerlyi inveurteat comtonltandlefficiency in
by the control circuit 14 is started to nake the di ode
thDzagiteriesyinoeid wohiraofor driving a motor of several hundreds of watts (motor

current is 1A or more).

[0067] Since the rectified voltage V4. pulsates significantly in conventional
single-phase capacitorless inverter control, it has been difficult to obtain a dc power to be
supplied to the control circuit 14 based on this. If has therefore been necessary to
additionally provide a rectifier circuit for constituting a switching power supply for a
control circuit employed in the conventional single-phase capacitorless inverter control.
According to this embodiment, however, it is not necessary to additionally provide a dc
constant voltage power supply for operating the control circuit 14, while otaining the
effects of the first embodiment.

[0068] Third embodiment
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Thi s conduction of the diode D5 causes current to flow
into the resistor R5, however, its root-nmean-square
value is small at about several tens of mllianperes,
causing a loss of about 50 mV, which is not
di sadvantage particularly in current control and
efficiency in 15 the capacitadsl ess inverter contro
for driving a notor of several hundreds of watts
(motor_. current is JA or pore). [0067] Since the . .
recti Figd ot cgit Jagmm shewuizst grvingcaprarajus gpeording to the third
conventional = single-phase capacitorless inverter )
emhodiment of; thishinyerdisan disf egmpared e thepdrying fpperapsaceonding to the
be supplied to the control circuit 14 based on this.
firstt emhedintest, ¢hosmobthéng nizcwit d&r hast o different dionfigneatipy.  That is, the
provide a rectifier circuit for constituting a
swithiag icirguip d fraccordimg| tp thothied ernbodimeht i qonfigtred iyl anldéngz a series
in the conventional single-phase capacitorless
cohhidi@iohelf aCewitch®2 andAC esistor Ry, tootht B ol dir¢ani2 shown in Fig. 15.
however, it is not necessary to additionally provide a

THCserie® BSrin@biion/R lcbABR tdddgar AP Rith thOfeadleeKat i ng t he
control circuit 14, while otaining the effects of the

[0f5)6§]5t BIRRAGIoRRE switch 5906&ks THY fedis@®IRO db HBRbnddtedinGarallel with

i's a circulrt diagramshow ng a driving apparatus

. , , his | Ci ‘
th%gfg%{;‘%'p g?e\gﬁ%% hﬁ'ﬁfen@ o GEPRAIESS QlisdsMinks g%ﬁ@l t&ihection to be

driving apparatus according to the

Jir odi nent, the snoothing circuit 15 has a
dl%ﬁ"f‘?’é?t &r:? configuration. That is, the snoothing

prcuit 15 accqrdi to the third emhodi nenpt, i
(0Fafi gl odiet R bt Redt sorvefact PHRLG i (g feagior K. the
S2 and a resistor RL tq the snmoothing circuit 12 shown
retRtop Ry, exgrgises Techagning SnORRGERELE esoBRS SeBRalaq bV he reactor
parallel with the reactaor K 30069 Turning on the
Ksaid smogthing sepaciioneCr #diieh grdyes t18¢ esansasect Agcgrdingly, abrupt
parallel with the reactor K while turning off the
changing lof 8 wenething cepasitpuCds pepided which senpressesothe peak value of the
di sconnected. 10 [0070] In the case where the resistor
reftified vobagee¥ed Figy Gar aldraph shawing Hbe resatts af sifpulatien in the case
where the resistance of the resistor Ry, was set at 20 3 and the switch S2 was turned on in
the configuration of the smoothing circuit 15, and other conditions were set similarly to
the simulation shown in Fig. 16. The peak value of the rectified voltage V4 was
suppressed at 425 V.
[0071] Fig. 7 is a graph showing the results of simulation in'the case where the switch
S2 was turned off, that is, when the smoothing circuit 12 shown in Fig. 15 was used, and
the power consumption measured t kW. In such case where the power consumption is
high, the amount of charges consumed from the smoothing capacitor C to the inverter 13
is large, thus causing the fluctuations in the rectified voltage V4 to be wide and the

fluctuations in the rectified voltage Vg by the dc resonance to be relatively narrow.  And,

the peak value of the rectified voltage V4. does not reach as low as 400 V. In other
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resi stor RL exercises the danping function against the
resonance generated by the reactor K and snoot hi ng
capacitor C, which reduces the resonance. Accordingly,
abrupt charging of the snoothing capacitor Cis
avoi ded, whi ch suppresses the peak value of the
rectified voltage Vdc. Fig. 61is a graph show ng the
results of sinmulation in the case 15 where the
resi stance of the resistor RL was set at 20 Cl and é?
wargst Bhvisy olathet fagh Bt dhe functipn dequired ofuthst iesistop iy ifedecreased in
snmoothing circuit 15, and other conditions were set
nesessityaimder heavytlead sionditigns. dhe Pals] ponmection bgtwepRethe resistor and
peak value of the rectified voltage V& was suppressed
reattonﬁfdlstonp@mﬂﬂ] Agagrdifglysuanegessety powsti qogsuhptireathe gesistor Ry,
of sinmulation in the case where the swtch 20 S2 was
cdnirenevdidetif , that is, when the snmoothing circuit 12
shown in Fig. 15 was used, and the power consunption
[0022F Urleds thoford desitable wastdrvier svitdheSPamahe condition where power
consunption is high, the anount of charges consunmed

chfsﬁﬂibhb@ SITROANA (DA MRS iiddh S Wheh e powWer dodkurhBtion f increased.
| arge, thus causing the fluctuations in the rectified

Figolst AfRuYEe ahoetﬁﬁodﬁrgﬁt 2 ARiBE the |dpehingldiang 'oF subIe switch S2 is

rectified voltage V y the dc resonance to

céﬂoﬁ%#l \62 dﬂlvtﬁﬁ&gﬂiﬁ%drgsééctf&ecﬁgﬁdﬁ Ypﬂllt B? tRd c&rﬁﬁ)é 81rcu1t 14. The

recti oes not reach oW as
WO m;of
C?fﬂw&cefswt 3 RIS e Ftlin ERE pé’eclrogasgc? e st
CeSSI t hea cO d| tl ons ar,
S e o B R pea%! 18 Bigh ga o Yicpovwer consumption,
di sconnect ed. Accordlngly, unne S 0
ﬁ@iﬁf?ﬂe» 6 openipg/slosing mtHIction §% b ersiy ganerated.
@072] is therefore desirable to short the sw_tch
31 n" Foreinstanes in 81¢ shi5e of eppiasing Senaatesidolor r@tatlml driving of a
and to open the switch S2 when the power consungtlon
compiessreefs enl.air Eoyditibner| sueh rsaitebingno iy divitehtS2 s an important
whi ch t he openi ng/cl osing of such switch S2 is
operatiomd | codtrbly dheo peiteln 2cisoenceg shorsdr aic stacnp GBS the number of
out put by the control circuit 14. The control circuit
relvb vk tDsfall, ed AhEresidrs the, switch, S1 W, opefédiisihen ip@sasingothe number

angl e 8m and rotation

of revolutions so that the temperature to be controlled by the air conditioner quickly
approaches a target value. Further, thereafter, after the temperature is adjusted to be
close to an appropriate value, an operation with reduced number of revolutions is
conducted. In this case, the switch S2 is shorted again.
[0074] Fourth embodiment

Fig. 8 is a circuit diagram showing a driving apparatus according to the fourth
embodiment of this invention. As compared to the driving apparatus according to the
first embodiment, the smoothing circuit 15 has a different configuration. That is, the

smoothing circuit 15 according to the fourth embodiment is configured by adding a series

connection of a transistor Q serving as a switching device and a base resistor Rg to the
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10 angle speed Om and is therefore capable of judging

hi gh or | ow of power consunption, and therefore, the

openi ng/ cl osing instruction CNS2 can be easily

generated. [0073] For instance, in the case of

enpl oying the notor 24 for rotational driving of a
conpressor of an air conditioltfer, such swtching of

the switch S2 is an inportant operational control.

The, switch, iis once_shorted at startup when the )
STRGITIBBE P32 BB B 155 TRAISPICiRIMEAETG B faiectedhdn paralel
swtch S2 is opened when increasing the nunber of
with the) spaoghing sapaciiaf Ct he tenperature to be control | ed

by the air conditioner quickly approaches a target )
[O\O\éﬁhe.ﬂwmonﬁel cirgwie 14 swpndies agnigseyoliage GMQpjetke base afghe transistor
adjusted to be close to an appropriate val ue, an
Qomehabaspnofithe heatiditd veltagriMiner When the sbatifiednoltage Va exceeds a first
conducted. In this case, the switch S2 is shorted
predaemin@Dv4l0e, t4¢ tremistvhQdsrhodéedrontandi whendhe sectified voltage V. falls
di agram showi ng a driving apparatus according to the
bélewratsacorRiniredéteBnined Valubi(this BIEGWED than thsfigppRedétednined value), the
the driving apparatus according to the first

rEResH B turhB® STIOOSiALOAhE irksistbt Rip ih@snfectid 18parllle]l with the

configuration. That is, the smpothing circuit 1
srﬂ&&tﬁﬁxg'J&gaéifbrt@antﬁiérﬁqgn&?%?én”ﬁﬁtrebﬁﬁgd)%h&ér 94 B¥eeds the first

adding a series 25 connection of a transistor Q
p%@ét%ﬁ@gicg%alﬂe StWe%PéE@&' é%%ilfﬁng ?Eﬂg s?ncgﬁﬁl g%?%dcﬁ%gb L%Eebe reduced,

snbothtng circ shown 1n

<Rk MR St b SR BE et D RO el ' 1

(R8T i ot RS T olth 8T SHRERATLP 1 qaggahere the frst

Vd,. When the rectified voltage V& exceeda a first . 5
ang serond mrsdesermyngd, alugs wers sefsttstadl Yormd 400 retpsRpstively, and the
and when the rectified voltage Vag falls bel ow a

resistangel op thedesisioriRmedassst atel Y £hinsthe soniagigatiemahthe ismoothing circuit
first predetermned value), the transistor Qis
1§, iand ethep condiBons wetetset sigslagy o theBimnwlation skewr ih Fig. 16.
parallel with the snoothing capacitor Cin this
[otAAherFigheh is & graphcthiohiierithe aklangeshisl besweea ahks biakaoltage CNQ and
first
rectified voltage V4., employing a time axis common to them on the horizontal axis.
When the rectified voltage Vg rises to 420 V, the bias voltage CNQ becomes 10 V to turn
on the transistor Q, and when the rectified voltage Vq falls down to 400 V, the bias
voltage CNQ becomes 0 V to turn off the transistor Q. Accordingly, the peak value of
the rectified voltage V4. was suppressed at 420 V.
[0078] Fifth Embodiment
Fig. 11 is a circuit diagram showing a driving apparatus according to the fifth
embodiment of this invention. As compared to the driving apparatus according to the

first embodiment, the smoothing circuit 15 has a different configuration. That is, the

smoothing circuit 15 according to the fifth embodiment is configured by adding a Zener
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15

predet erm ned val ue, the speed of charging of the
snoot hi ng capacitor C can be reduced, 10 allow ng the
peak val ue of the rectified voltage V & to be
suppressed. [0076] Fig. 9 is a graph show ng the
results of sinmulation in the case where the first and
second predeterm ned val ues wsre set at 420 V and 400
V, respectively, and the resistance of the resistor
RB was set at 15 92 in the configuration of the .
diedsy 6En perying ascuswitching dgyige dorbe smnodhing siHsuifdeeshesmn in Fig. 15.
simlarly to the sinmulation shown in Fig. 16. 15
Theoerey drodg Z1) & qosmecteyt mnarallad wiitiythe ismootiling ¢capasikrC.
bet ween the bias voltage CNQ and rectified voltage
[0028] erfphepythagectifiei iveltage B0 applred: to théhBenepdiadee’D, the Zener diode
hori zontal axis. Wen the rectified voltage Vdo rises
ZD cohdOcty, whdnethei metifval velgmeONR aceidses Zdhed/ volageur Mherefore, the
on the transistor Q and when the rectified voltage
sp¥elt of ahdrgingwithé eméoding, cdphéitdy @ an belrbdged GMRWIRE dieseak value
O Vto turn off the transistor Q Accordingly, the

ofiBéfecyified QoRige Qg té B@s%gﬁésiséd._ed vol tage Vdc was
suppressed at 420 V. [0078] Fifth Enmbodiment Fig. 11

[0080 12 CFI%CI“Q {s 5,305 SBWRE MG sAtI6F YhRhtRRRA KR dSe where the Zener

according to the tifth “enbodinent of this invention.

el VRPLE L 02 AR AL B GAQUARO T8 and cte
ol S SN B i S a3 e s v of

copnfjgured.by adding a Zener 19 diode ZD serving as a
reghed Folige i pee St SO Hi ng o rour t 1. shoan i n
Fig. 15. , The Zener diode ZD is connected in parallel )
[W?h tInethisnerabedimgnt &p%meoforé}mp@eszgg thg peak yalge can be obtained
rectified voltage Vd, is applied to the Zener diode
witipa conigwmarien siperdhain the Fyuth enbedimenhe rectified
vol tage VdC exceeds a Zener voltage. Therefore, the 5
[09B2kd While e piventionf hasheers dessribied gn detpicthe doregping desngiption is in
reduced, allow ng the peak value of the rectified
all espeageilMdtrative, had shispneasied. is[ WO3Ghitéd ¢herk@ | B ia understood that
graph showing the results of sinmulation in the case
nwh&bas niwlifedidhs and variations not illustrated can be devised without departing

from the scope of the invention.
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vol tage was set at 420 V in the configuration of the
snmoothing circuit 15, and other conditions were set
simlarly to the sinmulation showm in Fig. 16. The peak
value of the 10 rectified voltage Vdc was suppressed
at 400 V. [0081] In this enbodi nent, a device for
suppressi ng the peak val ue 2&n be obtalned wth a
configuration sinpler than in the fourth enbodi nent.
[0082] While the inventi dALABYSbeen described in
detail, the foregoing descriptionis in all aspects
iIIustrative, and this invention is not limted
thereto. It is understood that 15 nunerous

nodi fications and variations not illustrated can be

ovent fion s BYYPhRE Bcer Mppl L¥kilcR SERRSINE (D)) i ng
Ful v Obitn [ Pl s R v%%%%ﬁcgﬁ%'i/?%i%% golfoge (Vi
?g) O;Eén%gﬁoﬁ%lpg:cﬁqj&%aﬂhﬁ%‘gﬁ% ﬁs‘-gn hl ng?%ﬁ]?a(@ aggiodltputtmg, in

'r%iii’?’ggﬁ gr %Jgi-‘tp“f S 2?11?‘?%V0| ; ag ﬁs fgﬁ‘éﬁ)&ot] |d¢)§5é(mg pulsation at

from both ends of sal d snoot hi ng capaci.tor and

twisgey frequenayf wid gruyaliagg fromy bethendp ebsaid S@amamg capacltor (C); and
rectified voltage, polyphase ac currents (ia, iv, iW

i n accendavester M&)mmtungmmgmpw touseidgestifial weltage, polyphase ac
snmoothing circuit includes: a reactor (K) constituting

carrems i(igsiy,y i mreoordancecwith said peddationwhedreinai d snoot hi ng
capacitor; and a peak-val ue suppressing device (Ds,

R3, CSsailsmobthingtircuiinclutes:Q ZD) suppressing a peak

value of said rectified voltage. 15 2. The pol yphase

our ! ent reathdt (K)@nstitheng b s@eOresbmt ERcfil Migbhds with said smoothing
erein
capacitor; and

a peak-value suppressing device (Ds, R;, Cs, Re, S1; Ry, S2; Rg, Q; ZD)

suppressing a peak value of said rectified voltage.

2. The polyphase current supplying circuit according to claim 1, wherein

said peak-value suppressing device includes:

a diode (D;) and a capacitor (C;) connected in series between the pair of ends of
said smoothing capacitor; and

a power consuming part (R.; 16) connected in parallel with said capacitor, and

wherein a direction from an anode to a cathode of said diode conéspoﬂds to a

direction from a high potential side to a low potential side of said smoothing capacitor

(©).

3. The liolyphase current supplying circuit according to claim 2, wherein
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sai d peak-val ue suppressing device includes: a diode
(D3) and a capacitor (C$) connected in series between
the pair of ends of said snoothing capacitor; and 20
a power consumng part (R, ; 16) connected in paralle
with said capacitor, and wherein a direction from an
anode to a cathode of said @l ode corresponds to a
direction froma high potential side to a | ow
potential side of said snpothing capacitor (C). 25 3.
The polyidhpaser cotisimivig patpRlaresigtog (RQUi t according to
claim2, wherein 21 said power consunming part is a
resistor (k ). 4. The pol yphase current supplying
circuit according to claim?2, wherein said power

consumyng 1g ?)Bl‘rhﬁas% GARRURL ssuéﬂgﬁ.{r]%' citcuf?? a&@fdﬁﬁt dMifn 2, wherein

circuit. e polyp ent suppl g circuit
di . . . o

cuppr oSal phcEL sl WIELS fod oM RHOLBE Hiother giuit

connected ii series with said diode (Ds) and

capacitor (C$). 10 6. The pol yphase current supplying
circuit agecording to clajmb5, .wherei.n sai eak-.val u .
Suppr e85 15e aplyPHaseRuFeRL PPt HadiheE R ity 2 Vherein
connecteq i arallel with sai esjstor (R).. 7, The .
pol yphé%lg PS%? g‘H? SURII BTSN GFVarS T H¢ ﬂi(‘lﬁﬁglﬁter (s popmected i
1, wherein 15 said peak-val ue suppressing device is
sgidpwith s4id dipde {Pg) andicapaciter £ai)d react or (K), and said
peak-val ue suppressing device includes a resistor
(RL). 8. The pol yphase current supplying circuit
according to claim?7, wherein 20 said peak-val ue
suppr eési The dgelyphasefcurehtesupphdhgiciemiitacsmidimghto(cBiiin 5, wherein
~connected in

said peak-value suppressing device further includes a switch (S1) connected in

parallel with said resistor (Rs).

7. The polyphase current supplying circuit according to claim 1, wherein
said peak-value suppressing device is connected in paraliel with said reactor (K),
and

said peak-value suppressing device includes a resistor (Ry).

8. The polyphase current supplying circuit according to claim 7, wherein

said peak-value suppressing device further includes a switch (S2) connected in

 series with said resistor (Ry).

9. The polyphase current supplying circuit according to claim 1, wherein
said peak-value suppressing device is connected in parallet with said smoothing

capacitor (C), and c¢onducts when said rectified voltage (Vy4) exceeds a first
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series wwth said resistor (RL). 9. The pol yphase
current supplying circuit according to claim1,

wher ei n sai d peak-val ue suppressing device is
connected in parallel with said snmoothing 25
capacitor (C, and conducts_when said rectified

vol tage (V&) exceeds a first222 predet erm ned val ue,
and does not conduct when it falls below a second
predeterm ned value not higher than said first

PRERUS R b, VidldUbes Hot citficl WheRTR$AISCHEISW Y second predetermined
supplying circuit according to claim9, wherein 5 said

1%%&1- Y floHEr a5 ‘Sj&é*gﬁ d Pglydes a resistor (Ra)
an g sﬁitca E%?l cgﬂ%gcte ﬁ% seriyes wi th each other,
said switch is turned on when said rectified voltage
(Vdc) exceeds said first predeterm ned val ue, and

(i) i 2ot Bolyiha g R RR i b Ty uherein

11. The .pol yphase current s | y.i circui.t a rdi .

to ol artil Perktaig SPPESTine feXleeinriudes a Jhrittot Ry and'd switch (Q
devi ce .includes, a Zener diode (ZD). 15 12. A driving
coppssteskip seriempith spehyothene pol yphase current suppl yi ng

circuit according to claim1; and a driving part ]

dri vensaid swdtpboissturned emmehepotajh estidied cvaltage dNug qicegds said first
[ iw).  13. A driving apparatus conprising: 20 the

iv,
- ppesletquiined value; end  suppl ying circuit according to claim

2; and a driving part driven in response to said
pol yphasié satitohuisr tumtesl Offawhérny saidndectifidgd . voltage i(Vidhdalls below said
apparatus conprising: the polyphase current supplying

se¢ond\Prédebivied vigud.0 claim 7; and 25 a driving part
driven in response to said pol yphase at currents (ia,
iv, in).

11. The polyphase current supplying circuit according to claim 9, wherein

said peak-value suppressing device includes a Zener diode (ZD).

12. A driving apparatus comprising: |
the polyphase current supplying circuit according to claim 1; and

a driving part driven in response to said polyphase ac currents (iy, iv, iw).

13. A driving apparatus comprising:
the polyphase current supplying circuit according to claim 2; and

~ adriving part driven in response to said polyphase ac currents (iy, iv, iw)-

14, A driving apparatus comprising;:
the polyphase current supplying circuit according to claim 7; and

a driving part driven in response to said polyphase ac currents (iy, iy, iw)-



23 15. A driving apparatus conprising: the pol yphase
current supplying circuit according to claim9; and a
driving part driven in response to said pol yphase ac
currents (ia, iv, iW. 5

23

15. A driving apparatus comprising:
the polyphase current supplying circuit according to claim 9; and

a driving part driven in response to said polyphase ac currents (iy, iv, iw).



