10

15

20

25

1 DESCRI PTI ON POLYPHASE CURRENT SUPPLI 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 diagra
illustrating the configuration of a conventiona

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

di ode bridge 11. However, hﬁﬁﬁ nce parasitic to
the power supply 10 sys#%%??s S g&ﬁ as an inductor 22

connect | e | he 1.
[0003] PRV EHASE: “SURRENG, CSIRIAEL SHRRUT AR, DRIVING
‘&gpg&}g[ggstéhi ng circuit 12. The snoothing circuit 12
[ d only of a snoothing capacitor C having a
S@Ij capacitance, e.g., several tens of mcrofarads.

KAbbie i ng capacitor C can be reduced in size
because of its small capacitance. 15 [0004] A
[08et] f ildus nyprtinparelotes to Be Hiveeer tseBduE- t he snoot hi ng
capacitor Cis input to an inverter 13. In the
Bapkgrqued Ar8, swi tching of transistors serving as
switching devices is carried out on the basis of a
[©002chifig 1hds mudtdundiaiano Dilusiratiog fivo norfigoationopf a conventional
circuit 14. Accordingly, three-phase currents iu, iv,
polypsitage sup@itisapplyimgaineoitor A2dngldiphasecmt poter sapplg it supplies an ac
obtains the switching instruction CNT on the basis of

diige W[ ®Nd Giodel britige 1 WV Howéver Oiraindattai@Spdrasitic @bk @ower supply
Omand arotation angl e speed (nechanical angle) wmof a

Qe8! is@howh B8 afRidAEtord2 cd iR cRE ity Mricd¥@thMhe ac ;{%wslr dupply 21.

rectified voltage Vdc input to the inverter These

Ctr it i el i 11 i . -\ .
[r()@@@jg TheSolt e(rjbtf thd §db bndgé 11is \!mﬁbhe@% aYk‘iﬁoo\:ﬁu[i% 816%{]51? 12. The

can be detec using a wefl-kno t echni que.

S, P20 PBRLGn 5 S 4G Lt o s
%;%Féi?%kg,g e%.,t éer\ygraf‘ )%ﬁc’s P %pofiar%dg.heﬂeo %rr}o%ﬁmtfgo rciafz?cri]t‘b?lc can be
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, iy are supplied to a motor 24. The control
circuit 14 obtains the switching instruction CNT on the basis of the currents iy, iy, iw, 2
rotation position angle 08, and a rotation angle speed (mechanical angle} o of a rotor of
the motor 24, the ac voltage Vj,, and the rectified voltage V4, input to the inverter 13.
These respective quantities iy, iv, iw, &ms, ®m, Vin, V4 can be detected using a well-known
technique.

[0005] Fig. 14 is a graph showing the relationship between the input voltage Vi,; and

rectified voltage V., 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 F. Since the snoothing capacitor C has a snal

capacitance in this manner, its rectified voltage Vdc

in turn has a very |arge pul sating conponent which

pul sates at tw ce the frequengﬁ of the ac voltage

Vi,,. Herein, the case in whi the rectified voltage

Vdc fluctuates between a little less 5 than 300 V and
I: : ;8.0 &l § [ 0Q06¢: :

Bgablib? THE SIRRIAD ki ' WL B8 820 ] A TBince the smoothing
oprAi at e al al CQntr .SW i j.n e.

FRRLRRG P PR ool Ftbionll IRIpLERANbLEe Virin tum has o
ction, of harnonics rrent, su

55 b PRishing oAOTEDE RS ST SIS ths ThgayeSed e ac voliage
Yor T BSGT he £ iien 31 COHBFOVPIas T AU GReetyFeha litle less

a snmoot hing capacitor significantly reduced in

#BA0) Ve e moretaddy willistesdei n be cal | ed

si ngl e- phase capacitorless inverter control. The,

Eﬂoﬂg] e- r.ceping ther peiehingvastrustion el ots appropiate also allows
size reduction of a snoothing capacitor as described

etntiod of switehing as the inweniat i13 gnt dveomdencss withythisopulsationg resluction of
reactor for inproving the power factor, which can

larhoaics of icnarententppliedd froof the geoporsdrasgeplyld tutheatidde bridge 11 and
supplying circuit as a whole to achi eve cost

ingstoedrhant in pOLLFactél drdthe Potved O@iplResitis. di scl osi ng such

si ngl e-phase capacitorless inverter control are

et ASUARBE oft camebl e af abwiter G RASotRing[APAMHbr significantly

atent docunent 1: Japanese Patent Application

kﬁh&d@@&p&ﬁtw@@@@’tﬁ?%%er NGD- R3EiR e Qﬂféﬂr@ﬁ@le—gh%éﬁs%acitorless

Takahashi "I nverter Controlling Method using ~ 2

M R 50 Al i BRIl DROFRRLIA LBt ot o
Bl IR RBLELENRSS: Vb 485 NGl BBkt or wing o
R R RS EROSL o rBTRRNE b il o« potysge
smal | capacitance. And the inductor 52 connected in

SuTeNE FANPAYINE FIFCUtAs @ Whele 19,achieNe Gostedugtionn ot npre t han

a several hundreds of mcro henries. . )
[0008]  Prior art documents disclosing such single-phase capacitorless inverter control

are Patent document 1 and Non-patent document 1.

[0009] Patent document 1: 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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3 [0011] Therefore, the frequency of a dc resonant

circuit constituted of them corresponds to harnonics

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 current input from

the ac power supply 21 therefore has increased

har noni ¢ contents of the 5 aforenentioned orders.

(08P 2] ThOkrdraS RO CRequeRGH | @t 20 REsoMAedirbMt | dehstituted of them
(I'nternational Electrotéechnical Conm ssion) determ ne

i : |
C{?g??%)ﬁﬁﬂo hééﬁl(f(rﬁl"? ofXelP g%ﬁﬂggﬁ,e%%,ae{b%gy ﬁle@rtllgforder to 40th order as

I CSs, isd to reduce

t [ Sv. [ od
BB 8 R B0 e AUy QAL 6 Br FELAC The cumont
.resonanc, 10 frequen be consi.dere [ 15 1
BEFIRAR e b agich TP Lo 2l dheaE S ibREN Hapfppif Syonfonts of the
ziﬁ%%%ﬁin dCi$CUit with a reactor K added to the

OEATMGCOrYC¥i t 12. The rector Kis, in the
thing circuit 12, inserted jn serjes betwee e .
(PAELC( Gpr Anstants. rsmlation @r%vageﬁc byoltk ﬁﬂ@%@&?"ﬂfﬁfé’tecbﬂw&i
roduct of the inductance and capacitance increases ,
M@sxon}sdweg@ﬁa secoupnes imihelya mateeagesquargighis qffgrmonics, and it
upper limt of the 15 root-nmean-square val ue of
in deswshiede reduce thepfprgmentipredshamnghiecontgntse as its
frequency decreases, the reduction in resonance
0ot juereya insthodrdirdéucing the haimenici opatentsadscreasing @ apriigs resonance
with the aforenentioned regul ati ons. [0014] However, ‘
frdymendyhmagelsd esndidaedanitie. 1§ eigue riryuit listeamediastthting a polyphase
problemarises in that the peak value of the
dueehi Supplyineotitagewiiairgactdtd{ @dsaioahé Bugthiighdrcuit 12.  The rector
regul ations on 20 harnonics can be adhered to. This,

KIPA Ui SHELS 17 B3P 00 Wosin b oo 22 an
Sy HE | R0 RSSO pRLE e PRASEAObS Qacunc
SRR OIS0 g 19,80 BB E oSBT 1t o
S e LB BB BT SAAMRYE 4 b TG 178 e

el ati onshi p, bet ween the i nput vol tage Vin and .
cliecreases, Ii:]hf: n%uctlon In resonance l?requency 1Sgc0n31dere% 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 V. 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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4 rectified voltage Vdc in the case where the

i nductance of the reactor K was set at 6 nH and the
capaci tance of the snpothing capacitor C was set at 20
F, enploying a tine axis common to themon the

hori zontal axis. Sinulation S run on the case in
which the voltage rose by 10% while the ratings of
the ac power supply 21 are 50 Hz and 240V, and 5

rdctiiied %lta%e ’@’ﬁom"ﬁae cg&wgéé HRE idRBa& bABR Wator K was set at 6 mH
super pose i't shoul d be noted that such distortion

a)ﬁ\@ﬁleaéag% %Hpé 8y ﬁ)g sHaE{hFﬁtfgnéa:p%lt(ﬂ'td s E&rat 9@%1?' &hﬁﬂ)y‘ﬂ@ed time axis

power consu

TR RSN b D-4fhoE s esé%zmﬁf%h:ééwg 0 g ein
vg@wgaé@az&/fwmmﬁ%&“@%f e M TR g o
RRE ST 5308, BRUSHoTEE oy LSS S s ot s

functlon of stoppln swtching of the inverter fo )
distestian Wiy alsp | nplpxad.pe the ﬁl@ﬂgeﬂ%iﬂtra@@aw@e@et graph of Fig. 14)
hi gher than the maxi num ratln i s_enpl oyed. [0017] A

Fyrthery i novies r capsemptiom aneeprsd ol MfWo| {mdhis pase.ebiei pepk value of the
function fluctuates in voltage 15 at which its

respidied vobiagd ¥a.gtaoheeas gk as 47hY. from f | uctuations in

its conmponents. In light of these circunstances, it

[0@1 6] es Fonlihgtatoe, she pmesiswinheratingt off itled reciftedgeohage s of IPM
about 450 Vin order not to cause the overvoltage

(hitelli gt | gvdrumidtinlen ubad Bieqeprlyased. pdvd Iiipdulonditderinvagter 13 is
in accordance with the above, there is a concern that

geR@altas00 Of. NRKd, dir Gkhabitase bRRedtiR@Fufdtios fplﬂgﬁswnchmg of the
Fig. 14) prevents the overvoltage protecting nction

n%Qerl,fef 5 B%t@&m%pﬂﬁsatlm %&n rtH@%chﬂﬁE@ risk® td R or hlgher than the

har noni cs regu ations, and the case of providing t

a‘%&‘zﬁh&fra&é g Fig. 16) can conply with the
ar moni CSs ons but causes the overvoltage

1072 ﬁf ?ﬂao%g:ﬁnt%ﬁggqut mﬁjthpse nv%gvedé%%g ﬂrost%cgﬁé T{Ahsﬂuctuatneg in voltage
N S u%ﬁ?tﬁ%ﬁffﬁ Epggppty In s of

t%%g%ﬁg%létggqqtﬁgﬂ ?q.' sg%ﬁ]ﬁ ﬁé g]ﬂ}%é%e e recﬁp gé zél?a%e%dc ay 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 overvoitage 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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5 capacitorless inverter control with a snoothing
capacitor significantly reduced in capacitance.
[0020] A first aspect of a pol yphase current supplying
circuit of this invention conprises: a diode graup
(11) performng full-wave rectjfication on an ac
voltage (V;,,); a b5 snoothlné circuit (15) having a
snoot hi ng capacitor (© and outputting, in response to
cﬁ oL Merﬁep CofirB0yig O %md%tkﬁﬁﬁt éaﬁah&ﬂ)rv ﬁ?ﬁﬁﬂﬁnﬂ@d Geduced in
havi ng pul sation at tw ce the frequency he ac
(%ﬁdﬁ & fromboth ends of the snoothing capacitor (O;
an i'nverter (13) outputting, in response to the

6501 TR SRR 850 VAR Skl e e
circuit LLut]

BatFie: AuliD o (1 S %a%?ﬁi-ww R 1%%%?%50"%6 (Vi &
wefiting 1 Brybf SRl BRI 300 A SEPRRS pone o o

val ue of the rectlfled vol t age._ [ Q021] cqrdln
quitiof the digds groupot rackEes 6’P%ﬂ’?a¥@ h@mg saligp i 8%@ the frequency
circuit of this invention, the peak value of the

of e iaf | vedtage Ifomy bothsends o6 1the segothing eanasiierc{(iy and an inverter (13)

harnmonic 15 contents of current supplied thereto when
ctfuwteg, g respanse & thel teetified Moltagep tespolyplpse iac onirigsts (iu, iy, iw) In
inverter control with the snoothing capacitor (C)

aceckidesst iwitic apacpilsatioe. [THO2&hodthimgc oircuibsipebilenf at bactor (K)
pol yphase current supplying circuit of this invention
dosistituligg O lsyrid3a st rainitStogplhet neitlc ithe intoodtdagrapadgtor; and a
to the first aspect, wherein the peak-value

RHRRERS SupSresied EideN®, URE T, R, &l ORE, TRy, @IXIH suppressing a peak

capacitor (C5) connected Iin 20 series between the pair

@iue%ﬁﬁeggctlgg@\,@[%gtm ng capacitor; and a power
consum ng part 16) connected in parallel wth

tgﬁflt]ﬁzeﬁ%%gcmg;fg%ﬁ@@a SRR Sap it o i
igﬁéong{&hi ﬁlg p(séalgg S{glltu of ﬂ%ecfgcﬁf B%gé& Clg 'gr rgéseii R\t}ﬁﬁ: reducing harmonic
PRI 2 PSRy R g SRR 1 e it
C%Bgcri%(relsessai%/g grlcontrol {hre]:ts?notot engs Szgpagi?orr(%% recﬁllced 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 (D;) and a capacitor (Cs) connected in
series between the pair of ends of the smoothing capacitor; and a power consuming part
(Rs; 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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6 circuit, part of themis consuned by chargi ng of

the capacitor (C5). This suppresses an increase in

the vol tage across the snoothing capacitor (C). And,

even when the voltage. across the capacitor (C5)

tenporarily rises, an increase inthe rectified

vol tage (Vvdc) is avoided by thhe function of the diode

(D5). Then, the charged capacitor (C5) is discharged
él%cmf,rgargo b qg'&%ﬂéﬂn‘i@iﬁyl @ﬁ'@@ﬁfng draR2 4 a@it&hdd )j aﬁﬂ??ﬁppressesan

ase current Sup yi ng Ci CUI hi s

lh&\ésgat mﬂe gamgg GcroR9 g%mﬁg %5;\%}&0?@0' %Lr{ag eeérmue-& the voltage

accor e second aspec ere OMBF

FFUEIR Pl i b R0 v

Ci {fgg ﬁ:tn{:]ﬁgl Bé@‘fa |§n Oﬁw on J@E ,\gﬁ% pﬁqygg.cruipﬁ%%r%s) is discharged

capaC|tor (C5)..[0026] A fourth aspect of the
‘%U?Vﬁﬂ§§@nﬁwmpgﬁkn§ﬁﬁply|ng circuit of this invention
i S | yphase current supplying circuit accgardjng
[0824]he ﬁsgﬁﬁrﬁ&%{% pEdhe palyrhast RUTEYE SPRRIBINE CHERE Q @mvenﬂon is the
part is a power supply (16) for another circuit.
fodyiape pement dhpplying eirmutt angerding &p thet segpnd n@esbny/lmggéhe power
current supplying circuit of this 1invention, power
oasuringeattiivekesisbea (Rsed on t he basis of charges stored
at the capacitor (C5). [0028] A fifth aspect of the
002 §]p haseortig wnthe thipd hypengoLihe quistphafe ¢urrent suppdying eircuit of this
is the polyphase current supplying circuit according
ihOeritioy, poweradantagily 8e @bakunteds 6itHelbasisadadharges 2fred at the capacitor
wherei n t he peak-val ue suppressing device further
dapgl udes a resistor (R5) connected in series with the
di ode (D5) and capacitor (C5). [0029] According to the

h I I
fobbé] %ogﬁﬁhh&%e&h@f e %gﬁ)’@ﬁ& St en® BhpplViRR! Wil of this invention is

circuit i nventi an inrush ‘current in the

fhE ;Blgghasﬁgcgfﬁr@ t%?é% ré;cggcég%@g%rﬁ fhrg té%& se'cé?c!)l( %1 Eatg nggrem the power
COﬁl\h/ el E A ?)ﬁ\%erc QbR 65 AR ik fic Ul t of this

L

[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 (Rs) connected in
series with the diode (Ds) and capacitor (C;).

[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



10

15

20

25

7 pol yphase current supplying circuit according to
the fifth aspect, wherein the peak-val ue suppressing
device further includes a switch (Si) connected in
parallel with the resistor (Rs). [0031] According to
the sixth aspect of the polyphase current supplying
circuit of this 5 invention, the switch (Si) is
shorted after the steady state is obtained to make the

pbBphiskanEenOdu E Réng Sisduit RicorkdBsy tPR FRNAdp¥ctZ RhereinMbie GRak-value
can i ncrease F fect of suppressing the peak

reksin [&Qrot%] ﬁlﬁh&ei‘ﬁﬁﬂﬁdgs §§Qrﬁ€f1 (81) ticPBh YR PARAe] with the resistor
rren# supplying circurt of this inventionis the
gglyphase current supplying circuit according to the
't st aspect wherein the 10 peak-val ue suppressing

[&%g t h!éccor qg cq'tl %lxsupgggt%lf!tﬁé p%@ﬁ EQEITEﬁ%asglggﬁzm(g@mcmt of this

Fessing

HEERE N S e M
AT PR ST S O R —

snoot hi ng capaci tor (CD whi ch reduces the resonance.

yeW§l y, 15 abrupt charging of the snoothing
capacitor (C) is avoided, which suppresses t he peak
[VQd2he Hfsey raggsct pf Bg npdﬁmhage et pupflpiog £jreni Oﬁﬂkjﬂhﬂ’Yemmﬂ 18
aspect of the polyphase current supplying circuit of
thehipolyipheseneiwenti supplytieg puitcyishasrerding rienthes figt| 3spag, wherein the
circuit according to the seventh aspect, wherein the
ppdakalualsupprssiiyyr dseicads demeceeds i phmailel withuthe sreactor (K), and the
switch (S2) connected in series with the 20 resistor
peil-yalut Qibpedssibpaienide irlides b resigtbofR ). aspect of the
pol yphase current supplying circuit of this

[00BAgNt AGbrdindetoPBE akTédkh GROE6L HRMPIIAIHASE Burrdi® supplying circuit of
resistor (RL) and reactor (K) is disconnected in view

tﬁlfs xﬁﬁﬁtléﬁj‘%e tagtort(RE) fnGlds FanipB Gg o t @fe kgtﬁlaﬁébsge?kﬁied by the

I's decreased I'n necessity un heavy | oad

r&&ﬂﬁ' s 1, prﬁéot['n(?)%?’ adddi (@4 1 %&/ﬁﬁﬁefehuégs #hb q'cﬁﬁhﬁ{cﬁg a%&cordingly,

curre ying-circurt o I's invention ist

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 parallel connection between the resistor (Rj) 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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8 pol yphase current supplying circuit according to
the first aspect, wherein the peak-val ue suppressing
device is connected in parallel with the snpothing
capacitor (C), and conducts when the rectified
vol tage (VdO) exceeds a first predeterm ned val ue, and
does not conduct when it fall® bel ow a second
predet erm ned val ue not higher than the first 5
e ue .. : ]
pgfsygygg%e %L?}e?lﬁ gu%:g}ﬂgg cirb®P §(,7c]orﬁﬁ€ 5 e Grst 955%@[? Whe i t}%e peak-value

hase current supplying circuit o

LIS OB BB A BB Bt O,
' Vi <0 A

BTG SEEh R RBEuplel o SbEGHA PP BRcRmbl ol and does
gL SEh 3R & FEIS T S etk DRHERBAR LS i pisper e the frs

suppressing device includes a resistor (RB) and a
%WDCFEEW’IFQ)‘%&%neCt ed in series with each other. The

swtch is turned on when the rectjfied voltage E\/dc), ) .
[@97d e d ceprding fosthe nigtls aspest o he polyphase, cugisat Supelyang eiggnit of this
is turned off when the rectified voltage (VdO falls

ipengans ¢patrob tsorrdripd eurbtthatrthe certifigd yeltages Vs ooy not exceed the first
According to the tenth aspect of the pol yphase current
psedepdrmnimey waluccuit of this invention, since the

resistor (RB) is connected in parallel with the

[80883t hiAngnthegspedttod the( fOlyphabecurtdnt sugdying icerduiv of thisgiavention is the
(Vde) exceeds the first predeterm ned val ue, the speed
pelyphaseaaigiong stifityisgrenédit fgofhRA el themikthhspet) wikrein the peak-value
reduced, allow ng the peak value of the rectified

sHppreaaSy dMAE intRdBea FedRRidy ERSP4hd achQp(@]coﬂibc%dq}i%&;i& with each

aspect of the pol yphase current supplying circuit o

Jiktrs  RYeRLik@ is fndtd SnPRAYP ftﬁé Seltifidde osl@@pwt Egceeds the first

circuit according to the ninth aspect, wherein

anlk. val . : . .

SR OB SRE I REnd SRS B Bl v s
| yphase current supplying circuit of this

q%go\)’}e/:n ei38%9§dtlf{ggeg%l_g}%9€dea¥u%e'guppr essing device can be

[88&9%' n%jccg\f'dgrlpg & e @nltl? asp%gt & t[ﬁ]; Ip%ijy&)%géeocrl]irrent supplying circuit of this

invention, since the resistor (Rp) is connected in parallel with the smoothing capacitor (C)

when the rectified voltage (V4,) exceeds the first predetermined value, the speed of
charging the smoothing capacitor (C) can be reduced, allowing the peak value of the
rectified voltage (V4.) 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). |

[0041]  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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9 [0042] A driving apparatus according to this

i nvention conprises: the pol yphase current supplying
circuit according to any one of the first through

el eventh aspects; and a driving part driven in
response to the pol yphase ac currents (ia, iv, i").
[0043] In the driving apparatd% according to this
invention, the first through el eventh- 5 aspects of

pol j oI Cbbts cegr

[OBEIPCAY RPTRR, FHREL, SHiRine 19 i) Ebhidomfrisey the polyphase
: i S ol ' i fe .
RRECLDpAR: SRR EOARIG il b T MR APyt cle R Bpects; and o
nd acc Ny 0 rawi.ngs.,. Brief Jptiopn,of

B RELIR A e MR Ky Ehe RGN Bolalipan

i n dri.vi ng apparatus . according to a first
REH e e Vi A ROE A GrRE B s Ty enfioR o i trough eleventh
showi ng. the effects of the, dri.ving apparatus accordi ng
B E bt PolyPhise SEPTRSHP S inE e Sy RS [ by o
is a graph show ng the effects of the driving L. . )
[9BHr atlibsscaandortherripiecss. deptures.saspeqts pnd adysntagen pf Gyis invention will
this invention. [Fig. 4] is a circuit diagram show ng .
heeme ombrey@ppare®n fiom dhg dpllpwinge detailed rescrintiop! gadh grecompanying
circuit according to a second enbodi nent of this
drawingsi on. [Fig. 5] is a circuit diagram show ng a
driving apparatus according to a third enbodi nent of
BiefDésonpiidn afiDraRihgsFi g. 6] is a graph showi ng the
effects of the driving apparatus according to the
[0ba5]d gRigodi ienteiredbit Widgsarh tHMEWingoa drivinglappétatissadording to a first
graph showi ng the effects of a conventional technique.
dnfbd@lim@it Jf thidirflehtddsi, t di agram showi ng a driving
apparatus according to a fourth enbodinent of this

i nventirpfy. 27R d frhsh stlwih i SFRRSHO Wi PRg HpBariivk @ELcding to the
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. 7] 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. 9] is a graph showing the effects of the driving apparatus according to the
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10 fourth enbodiment of this invention. [Fig. 10] is
a graph showing the effects of the driving apparatus
according to the fourth enbodi ment of this invention.
[Fig. 11] is a circuit diagramshow ng a driving
apparatus according to a fifth 5 enbodinent of this
invention. [Fig. 12] is a gra % showi ng the effects of
the driving apparatus according to the fifth

fgﬁﬂp%ﬂiﬁﬂﬁe&fofttﬂiis%&eﬁﬁﬁﬁlﬂ on. [Fig. 13] is a circuit

diagramillustrating the configuration of a

corventsy gy PUYRRSE RN S PR M PR o o
R A T

configuratjqgn of .a pol.yphas current . suppl yin .

ci'r cur HFigol 3e it cifenfraidBrBtFenttd b Bt ipaiBacenuding to a fift
invention, [Fig. 16] is a graph show ng the operation
E&%Oﬁﬂ‘ée%Sf Y@t rent supplying 15 circuit for

expl ai ni.ng problens to be, solved by the invention. .

Best MYU& 1f2§ is caraph ishevingithe effeqtoldthe deningappargius preaging to the
enbodinment Fig. 1 is a circuit diagramshow ng a

fefth embrglimppaf shisénvgoden-ding to the first enbodi ment

of this invention. The driving apparatus is provided

wi t h allipt b3] B4a ciCuit diagramy iBsstatidg ithe nonfggurstiendf a conventional
pol yphase current supplying circuit for supplying
biphpleaserent suppiviig ¢itmitet 0. [ 0047] The pol yphase

current supplying circuit includes a diode bridge 11,

a SND{Ripi P ica gth?htshd\f?ingahle opetatidrest the caivdnfiod pblyphase current
circuit 14, all of which are connected between power

sSpRRpInyg citciigs L1 and L2. Specifically, a single-phase
ac power supply is 25 connected to the diode bridge

11, anleig.h.@S}jiisoqecipdﬂitdgﬁggah REEREAE the!ldonfBMBtion of a polyphase
rectification
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 this 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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11 on an ac voltage V;,, and supplies it between the

power supply lines L1 and L2. However, the power

supply lines L1 and L2 correspond to the positive and
negative polarities of voltage, respectively, and the

power supply line L2 is supplied with a potential not

hi gher than the power supply thne LI. The power supply

line L2 may be 5 grounded. [0048] The ac voltage V;,,

oh Sap> 4P PIdiGde PV;, ai?ldagup?)‘ﬂ% it DRt the: pdoMEY§ply dhes L1 and L2.

I nductance parasitic to the power supply, system

RIS 017 i e, i
1, 049]. T ' ' £ 15 . .
PSS o otagcres B YEdeflst WbbiroMoRicl, goics vin «

A ' . L L2 I )
PR s G CE R FB Wl sUPPTR B et cPhergr @ PHy (i 12 may be

in the power supply line L1 between the inductor 22
gHWHdagnDothing capacitor C. The both ends of the

smpot hi ng capacitor C hold a rectified voltage VdO_as
[BH8but Phe aer YrHagR eV s CURPHRA &Y ¥uPdE POyer| BBl 2ineHowever, an
smoothing circuit 15 further includes a diode D3, a i
industages parRsitigrid the ppwer appply tsytem, exdginme desaritied abeve,eand Fig. 1
bet ween the power supply lines L1 and L2. Connection
shewnthiteassndhdudiert 22 doaneitedintsens Withrthe depeweydupply 21.

cat hode of the diode D, corresponds to the direction

[604in t Tke pavethiag pgtopitl | Hehakl a tsmddtieing ovapacitnpPl snd ianesactor K
L2 (i.e., direction fromthe high potential side to

chivezcledWepOéedntht Powst Seppd¥ lihéeL § AR, B@gnibala0i th® smEdthing circuit
and Fig. 1 illustrates the case in which the diode D

1has Thé $eadith € iCRRARGT i‘ﬁq:h& 90&!9? supple line 9.1 Sﬂéﬂﬁéeh_ thé Rluktor 22 and
and its cathode connected to an end of the resistor

sﬁ%othiﬁgecéﬁ%éit&t e’ MR g eh& ophﬁegmsaﬂi_ng%asﬁto@(t 1h81@H rectified
end of ts

the capacitor CS, and the capacitor C, has
: : ly Ii L2. |
BHBErVE R an EORF LA SnbdFuiRgaPRl Y | ne 12
(RRAC K g PR RO ihERAE] B4t TR p0fsigor R, and o

ange r. a resi

3 Lo ol BB B PR 5k P B Conction
isr r%%ni:les tsx?clil tﬁa?t' 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 L2 (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 R, the resistor R; has its
other end connected to an end of the capacitor Cs, and the capacitor C; has its other end
connected to the power supply line L2. It should be noted that the diode D, resistor Rq
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 Rs.
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12 [0052] The inverter 13 receives the rectified

vol tage Vvd,, and supplies three-phase currents i,,,

i,,, iWto the notor 24. The inverter 13 has three

transi stors (upper-armside transistors) each having

a collector connected to the nger supply line LI and

three transistors (lower-arm$side transistors) each

having an emtter connected to the power 5 supply line

[6@52]Eagiie Ghvérl® 1MPRREIVES The klRiffel AFbHags O 3, Akl B@iplRsl three-phase

with each of the [|ower-armside transistors in each

. iy, NG, 80Tl b1oP D4 ANTHO BIer R 1 hllfhrld ARARISER L arm side

the col’'l'éctor of a | ower-arm side transistor paire

.5 C t a e '

ilitoR o hSIng™d SoRANSEAEReleR 1o ETRer gl M, 1 and three
of f cont

BPSer R s BB o WA LG MBS v pover

on .t he basi f.,a switching,instruction CNT from

SOy i o GRS AP B9 REHPY BopiibtetBntach of the
each of the upper-armside transistors. and | ower-arm
lawerearmy sifls rapsiyarsiia e%h’d’@?%?ed Thiecamnition otd UpReTimyfige ransistor and
havi ng an anode connected tqQ the  emtter and a . )
then cAberioT Bhfelomeramd Sidre traByistat paired With gagh pther jaggycgunected in
regenerative current fromthe notor 24. 15 [0054] The
cemqns Rnd thecawirents 4y, dlb ivadra Sutre frow theinicappectien peds: | ddp-off control
CNT and an opening/closing instruction CNS1 on the

of za¢ls obthetuppecanm side sransistprsi and lower-amn sidle dtansistors is exerted on the
position angle Omand a rotation angle speed co. of a

bagis of a aivitthiag istractiGACNTHeora chevaintrabjeirddst 14and  t he

rectified voltage Vdc input to the inverter 13. These
[oesnecti dulll B8 tnotedethat each dfVthe iuppeQifim sid® tran¥iSord/dnd lower-arm
can be detected using a well-known techni que. 20

sidAORAsidry is RRYBHeCRAE WTREE Qihedt didd8 Ha®fiaS4rOhndde connected to the
causes charges stored at the capacitor C, to be

enRRSUIROa cdhBle bSnneb 28 b §8d SHIRCtdk C}ﬁgdf?d%}ﬁtolfwrd%@&grﬁﬁle current

a power consum ng part. The spee e power

j i s determ ned dependi ng upon tine
f%%ﬂsian%ggg?'the capacitor CS and resistor R [0056]

 fhisde 53S SiRg” Gkt AITOURLLET BENLASS,SLOLEL AL (T and an

cap ci tor I'S Sna Vol age ereacross 1s

oggﬁiggilscg%h{gbingtggcrﬁ%fn%ﬁﬁ SY G MNEN, And BLISHEUr T &Nt | Station position
angle 6,, and a rotation angle speed wy, of a rotor of the motor 24, the ac voltage V,, and
the rectified voltage V4 input to the inverter 13.  These respective quantities iy, iv, iw, Om,
®m, Vs, Vdc can be detected using a well-known technique.

[0055] Now, power consumption at the resistor R. causes charges stored at the
capacitor Cs 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 th¢ 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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13 power supply line L1 via the reactor K by the
series resonance, charges flown into the snoothing
capacitor 15 by the current are supplied to charging
of the capacitor C, passing through the diode Ds.
Since no current flows in the_ diode DS even when the
anount of charges stored at the capacitor C

i ncreases so that the charging voltage exceeds the 5

doSkl is fglgf l%glﬂlagﬁ e Eea{c&ﬁ RY 1?19 %eﬂgsr R3Snahbe &ﬁig%& Hid¥h into the

capaci e recti voltage Vdc is |ess

S&?égl%{%é&f‘g’llt‘?‘neltshﬂgpt%g\%g}ré?u%g F‘-‘ﬁ?ﬁg il%&%#eig {02 g{séte%pamtor C; passing
tgﬁ%\é%{ﬁ I S‘ih%@?] §? mg%/ n{) ngf%lgtégswst glrtﬁ&g?q%ésb "Qehohen the amount of

ST I e oot eparaiB Dl excoeds he
rgq mﬁeiéig'é e, RcYlingg acios e AEPIHEASRASH PR e Macthe rectfied

00581] Froma different point of view, the capacitor

voliage; Vipris fras bkeliifq Fs&smal | anount  of charges, and when

a |l arge anount of charges flows into the series

[PeSHnaris the rameunt of gurreniesuppligd fremppieypavasesupply lingr E1 decreases,
of themis consuned by charging of the capacitor Q 15

phiwes isscopsureed s tharresistor Ba seusing theamaooint efchasgss @t thetcapacitor Cs to
snoot hi ng capacitor C. And, even when the voltage
cdeesmsdédie Thapiaeilitates E&Igiagmfrthe ichpacitos€s whan thaenemewarstenf current
inthe rectified voltage Vd, is avoided by the

shpplidd BomOthetpovedlisapsly Dine Thencredsae nekrgtich dapefdiet Qippresses an
CS is discharged by the resistor R [0059] Fig. 2 is

iAcreiRRR 1Ehevifd YdMagé ¥;at i onshi p between the i nput
voltage V;,, and 20 rectified voltage Vdc in the case

416 i Iy
e, %ssﬁgﬁ%ﬂ%kéﬁ P USRS e 08 Sl o

dt 2:3 Egg eC &ﬁftto‘? eé"ﬁg Glio e § A%%lels" resonant circuit via
un con lons ar to t SIrm atron s
t
BB 8, LB coR IR o AL i C.
| ta V& d at 450
oo abibross mdPetson T Shit ess%a%%&%eaisg% BoeBfrigH C. “nd, even

eration, the resistor R is
}E) n 316 voltage across the capacitor é temporanly rises, an increase in the rectified

voltage V4 is avoided by the function of the diode Ds. Then, the charged capacitor C; 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
12Q and 20kQ, respectively, and the capacitance of the capacitor C; was set at 47 uF
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 Vi
could be suppressed at as low as 450 V.

[0060] As understood from the above description of operation, the resistor R; is not
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14 always necessary, and may rather have a resistance
val ue of zero for controlling its peak value. On the
other hand, in the initial state where the ac voltage
V,,, is applied to the polyphase current supplying
circuit, the capacitor C is ]lttle charged, which may
cause an inrush current to be input. It is therefore
desirable in the initial point of tine to open the 5

aﬁwfyé GBceSsaby | dRKP rdthe HavB Glrefittafle V16 bLSS oy co%t:—rolh ng its peak

ctive, and on the other hand, to short the switc

vahe af HRMthd Bglfels Bﬁﬁc{j ¥n Shfidl %tﬁpﬁefbeﬁet#y%gownexs aﬁphed to the

resi stance resistor R apparen

p8$($$#a%gﬁ S SRl 8t c ggagcé@géghggé 31;1%5;% 6880 EHay cause an
ol bt R it it ol do BB KT —
st 1 Btmele e oneln afdhotesirey oz e apd At Tyoflhe tynd. o shor

the r ctlfled voltage Vdc is s IIer by about 5 V

thepgygisgh S afierdthg pready state m@? & Bkp éhf'ofeStSF?éw%ﬂf thepresistor Rs
SI can achi eve suppression of inrush current and
appAsptbszron Yichmensringdlepnpeontrd of dbe switdySy &y efigpied\en the basis
on the basis of the difference of the initial state

ofithe abbeardsscuibed epenirg/§logiag insgueitoniC¥dbodi ment

Enpl oyi ng the resistor RR as the power consum ng part,

[@@6idr Eian 3edshl grapre showmgutiedresults he shagaonfin dhecgwes where the
stored at the capacitor C5 by heat dissipation.

r&ddicerof the payvedr Bupps yetfarzepnotAwetomparediitd theanesides of Fig. 2, the
enpl oyed as the power consuming part. This is one

peibedidBithe edctifiod @bltaL! VY & shfldbypbYErs V20 [ 0064]
Fig. 4 is acircuit diagramshow ng the configuration

(06622 PALYRBRBER, Ghe Bﬁéi{m%/aklﬁﬁh)ﬁfﬁﬂe SWite St Ak GeRigid guﬁp@essmn of
t he second ebddi nent this invention. The case of

R Oy Sfld §ﬁboﬁr9§§?] vaﬁlé%’li the l‘@ctﬁﬁﬁ‘@o‘i\ﬂ%@"?dcaon the basis of

power sup circuilt in prace of
B RelfaLebihe F‘a&%ﬁ?ﬁé%%%%*@a T8 't he vl tage acr oss
(A BRph Pmpgioe EE"LL‘E?&? Eih?cii“ttiﬂ' "Ror

| nst an%mployn?govﬁr regllé%g ﬁ/c e power Sconsummg 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 may 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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15 connected to an end of the capacitor C, and the
power supply lines L2 and L3 are connected to the
switching power supply 16. The sw tching power supply
16 supplies an voltage E to the control circuit 14 on
t he basis of power supplied fromthe power supply
lines L2 and L3. Since the sv&%ching power supply 16
outputs a small output of 5 about I OWN the snpot hing

cBﬂHéEfeE% SRARLPSroRE @aﬁ%ﬁf%@sﬁﬁf%@%o%ﬁts%ﬁ lines L2 and L3 are

SW t chi ng power supp requires even

SR TS S L1 T P50 1 o
' C5.vj a. i L

T i
[ DS i thi i

SKERUEET (3 SPdide. S ut v iRe RPVR TR, G Sutmps agmallpuiput of

ower_of the control c¢ircuit 14, eyen after th Co
ﬂg‘éﬁd@i“t”othe Emopdiing Bngeen B s abthingd tn e pwiEs that e siching power
by the control circuit 14 is started to nmake the di ode
SEBPlY A6 eqiiss evirawben eraployimpiasyalusrafabenic}) 1w as the capasier Cs.

D5 causes current to flowinto the resistor RS, _
[6e66d v e Bince tcharges ate-drawn fwagu dreebath | ends p§ thergaphcitor Giboathe power
several tens of mllianperes, causing a | oss of about
stigplyinesvhi2cdndi 1S3, rib¢ vditagrdizemetargss saediuced! adkgoridingly, the diode Ds
current control and efficiency in 15 the capacitorless
condiets edthivoah rappropeintedeandunctingaramge on aetordawer with the consumption
hundreds of watts (notor current is |A or nore).

PB4 thel ddatol diecuitert, iehéesiterahé agmcer €) isiuhbset @8fore the inverter
significantly in conventional single-phase

cORPACHY el Etrol RUBNI 88 1§Dkt to rhikeN@de R&RNDYohéd foM-Eonducting.
to obtain a dc power to be supplied to the control

Thid Stldhetidh Qfag%qn dc(l}i BN Eairs % LubaR 16 g@(aﬁfn% ﬁleikl?ﬁ@tor R,, however, its

necessary to a tronally provi a rect Irer

rtg&t[tﬁ%ﬁift%srqgjfou[ecfaﬁaes [si gn‘ﬂzlrlp %ga;/bggts %Jefzﬁ't&% SN fiarﬁ-n aP:J,)(:a{ns%g a loss of

cuit e e conventi o
i e- phase .capaci torl ess i nverter control. . .
a%%@?’rodfnyg WS’B" 10 éfﬂs&é}&?“rs‘&%‘?tl?“%‘%k%r@ye}n, c‘f"erﬁk gontrgl and efficiency in
ecessary to additionall rovide a d const ant
(hyo FAPRSIE RS 1 SR Ao BT SR MAIOT HeSCETAL Pstarees of Jyapts (motor
14, while otaining the effects of the first
CEFBY AP ABrRr MAIS).[ 0068] Third enbodi nent

[0067] Since the rectified voltage Vg4, 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. It 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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16 Fig. 5is acircuit diagramshow ng a driving
apparatus according to the third enbodi nent of this
i nvention. As conpared to the driving apparatus
according to the first enbodi nent, the snoothing
circuit 15 has a different configuration. That is, the
snmoothing circuit 15 accordin ®to the third enbodi ment
is configured by adding a series 5 connection of a
switchg Mﬁ%ﬁé@ﬁ, Hloviflg &GP bkt Gédofdihf to the third
12 sho 'isﬁfg% g. u15.l The ser?%s connegé%n Sis b to the thir
i lel wit r . .
to th
HIRIBRLE LY BRRSE, 45 DrpiRe 38t 86, (0GR aceping o e

ses the resi

f{i‘ rn%}%ﬁ(téﬁ%Fllfltnt egglgxéétﬁ&gwcgéﬁg ahgs] gn%sr ?%ﬁéf&%g{%qriﬂgﬂa%on. That is, the
STREHETE FEVYEL] Tegrrg 4 DecBitcratiepem suponreutedint Riding a seres
CPRRREEDB10 AR 208 AEHA Re 4o G5 FSRLBAL Gotih b2 Showi in Fig. 15,

reactor K and snoothing capacitor C, which reduces
Theserieswmandon ineeeted i parael wigh theaersitgilng of the
snmoot hi ng capacitor C is avoided, which suppresses the ,
[pee vAlming pn theeswitchd¥? ¢auses the resisyer Ridle. berognedged in parallel with
graph show ng the results of sinmulation in the case 15

thh eeastdarhk, mvdslestuaniog off thehewitelsiS2t causey thispardle]l goniggtion to be
52 and the switch S2 was turned on in the

diswohhgptedat i on of the snmoothing circuit 15, and ot her
conditions were set simlarly to the sinulation shown

[00707i 0.1n #fe caldhprRake walsue Ryf istdbndcadtinfpagdiel withalgereactor K, the
Vdc was suppressed at 425 V. [0071] Fig. 7 is a graph

Sant RY ekieisk e | dampify RibBlidiRhdAt tHe felfhab@SgenehRdEby the reactor
the swwtch 20 S2 was turned off, that is, en the

1o Rt BinBEhid Chbakitdr? (S NOMRKI Redbb@. thED rddBSanids €d AcBAdingly, abrupt
t he power consunption neasured 1 kW In such case

B PIBAIT O 0 B S e e o e
MOV 08 Vs 000 g B SBURLAS eal  AARRR n oe co
0 RS T 8368 RIS, Gt oni
A O i fr gﬁ:ts%{o:qg-gng gfr(t;ue%ig ?S,Va% odtlcm)e(%scog 1Itio¥15e ?v%?e S&t 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 1 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 Vy4c to be wide and the

fluctuations in the rectified voltage V4. by the dc resonance to be relatively narrow.  And,

the peak value of the rectified voltage Vg4, does not reach as low as 400 V. In other
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17 words, in view of the fact that the function
required of the resistor RL is decreased in necessity
under heavy | oad conditions, the parallel connection
between the resistor and reactor is disconnected.
Accordi ngly, unnecessary power_consunption at the
resistor RL can be avoi ded. é7[0072] It is therefore
desirable to short the switch S2 in the condition

WHAE CinPARRT of hOTRURAL @B fhifetl MWealided Bf ARER IR Fst &ireased in
S2 when the power consunption is increased. Fig. 5

0 0y 50 ekl A BB o
SRV AFLIR, GO, BRI BRSO AP Ao

rotati 0@ &osi tion angle 8mand rotation 10 angl e speed
C@Br]?]e BAEYs therefore capabl e of judging high or |ow

ower . consyunptjon, . and therefore, the -
@it nd i BErUE idsSrite & Shorerks CUH 52 18b pgndition where pover
generated. | 0073% For instance, in ;Pe case of N
ORBITBRETGS {1 2R toePPeuthe sHitel SArwhsadhe apyven ¢Rpswnption is increased.
conpressor of an air conditioner, such switching of .
Fige Ssiljustediessen jembedimenioint which g eoneningfrdosing of rsyeh switch 52 is
The switch S2 is once shorted at startup when the
gentrbbed by anl penéngitlosing mstiustiam@NS2 auitpit thidheedntend cirewie14.  The
switch S2 is opened when increasing the nunber of
goawol uiréuitnb4 swnitbist the kerrewse i atiyr ©tdtionpesitiont angld &4l and rotation
by the air conditioner quickly approaches a target
angldispeedarl bed is theefeafdapable af firlgindkigh enmewaifposver 2onsumption,
adjusted to be <close to an appropriate value, an

id_hérefodd) thé dpenliRAtIeHe: MdF@iondENS2 ¥l bd éa@ﬂﬁ gefierated.
conducted. In this case, the switch S2 is shorted

rgg@j]n- 120 idBhéd]inFRL AR @&ﬂﬂbﬁﬁg%&&ﬁtor% for Jotatibtllidtiving of a

i agram show ng a driving apparatus according to the

{ %g(fr(%gr}or SFRRdL e dfionkd! s%cfa %&{lﬁg&? I(W)fe '%? G 'tﬂr@ i An important

I ving apparatus adcor irs

SRRLAP D e TRIROIANG 64 (G $p 035 Bl ALP e mumber of

_ SADOt hi hg“ciFcul't
AN bl RS B SR i3 Goehl s ifresthe the number

SEer Vi as a switching device and a hase resistor FE .
threth@%ons so that tLe temperature fo be c:ontroﬁedS %y tﬁe a?r condiﬁlBoner quickly

approaches a target value. Further, thereafier, 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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18 smoothing circuit 12 shown in Fig. 15. The series
connection is connected in parallel wth the
snoot hi ng capacitor C. [0075] The control circuit 14
supplies a bias voltage CNQ to the base of the
transistor Qon the basis of the rectified voltage
Vdc. Wien the rectified voltage Vdc exceeds a first 5
predeterm ned val ue, the transistor Qis turned on,

sA1od Birduie 12 @Rdwh ii® Fig/ alst e befied sbrrcti® BVedanected in parallel
second predeterm ned value (this is |ower than the

it Bk sRos@aiEsphaies yal ue), the transistor Qis

turned off. Since the resistor RBis connected in

[r@rg-{lsﬁlelr ?t\l%%ﬂ ltctﬁ%uitslq%gg]gké\%% ﬁé@@&lk&gafcﬁd 18 thd'bake of the transistor

en the rectifi tage V& exceeds the first

QASRETROR o s Byl BAAAD0 Pl o i
pg%%léep\éirlge Léi S’a?‘{eeg'r%gjaﬁl%%gr fdai% g%r\ﬁg(li tgﬁg%}q\%dﬁe 5&?1% geec.ltiﬁigd voltage V. falls
Do oL BNl 0 SARE %5 ADE L b, e

V, respectively, and the resistance of the resisto ,
trEsifeEs Qb tymedsoiky  Since Hbe Jgpiston Rads SAnBIcted, i parallel with the

snmoothing circuit 15, and ot her. conditions were set

sgiogthing papaciior heinsthis,manneswherpthe Tegtiftpd) voltage Vg exceeds the first
[0077] Fig. 10 is a graph showi ng the relationship
tredersemmedhwalis, the sp@bg afjehagpiae afithe sreeathihg sapacitpr &gran be reduced,
Vdc, enploying a tinme axis common to them on the

dlowimpthe akakawdlse of thh eectifieé vobagei ¥ i ¢ol by slppaggsed/de ri ses

to 420 V, the bias voltage CNQ becones 10 V to turn

[0078)he Fig. anisi 6 paph Ghowing thbessulb@fsantlefibreth el daagevhere the first
VdC, falls down to 400 V, the bias voltage CNQ

DACRERR Preleteningd Valleb Wehe skt @520 VO andA0ACC,Ofellparghdly, and the
t he peak value of 20 the rectified voltage Vdc was

BHRRRTTERE Alisftt R wal B2 4815 ) { the BORBLIABHN ofih8 -smbbthing circuit

is a circuit diagramshow ng a driving apparatus
C &R thB8%ohAitidaS wekd Ld? sirﬁ[!:?lgrdcb i dimRfatofsfoh Yrﬁﬁig'. Ptﬂ
AsS conpared to the driving apparatus according to the
he-st i.nen LG Gl Cul .

TR, S8 P M ek R vt NG o
r%%tiﬁei%&ﬂlége %%gé%bﬁgmtgo%éﬁger Etgcifstc%rr'?nq(t))r? % Etrl?errlrtl 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 Vg4 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

19 diode ZD serving as a swtching device to the
snmoothing circuit 12 shown in Fig. 15. The Zener

di ode ZD is connected in parallel with the snpothing
capacitor C. [0079] Since the rectified voltage Vdc is
applied to the Zener diode ZD, the Zener diode ZD
conducts when the rectified vo %tage Vdc exceeds a
Zener voltage. Therefore, the 5 speed of charging of

didd#e Zheehihd ds GaARhIN ddviafd e nrsbisas cirahit Q¥ shewhli@ Fig. 15.
peak value of the rectified voltage VdO to be

The %ﬁ&sﬁs yAYSLY é&lneEﬂe@ in palld VtIPIRRhoDINYG Bpatifs C.

results of sinmulation in the case where the Zener

[U(?} iag gm‘e@ﬁ)esr%tztﬂ?édléﬁ‘lggy V'dcnis taE?l &P QZEI?Jr iR %D ttﬂ@Zener diode

thing circul con It1Tons were set

Ilmﬂfc#;sy iN%lgn tt%b rescltl t!l %})it%&voldowcee g' generl @olt%gé Fﬁ'ng%%fore, the

Ue 0] reC was sup

: %fﬂﬁﬁﬂe@e{sﬁ ehieseieaf ey G Fit e pe vae
fi h he f h enbod .

of S5asfiih Taoe 9%3%&@?%35%@5 peen desribed in

detail, the fore goi ng description_is in, all aspec

[P980)st Fig lgds 2 SFRPbSP ¥InErlbe FASI Of Smation; ilhgrse where the Zener
thereto. It is understood that 15 nunerous

vatieter WeatseoAs44hd imiheatondiggiration of thessmenthige cdrsuiel 5, and other
devi sed without departing fromthe scope of the

conditiond ware 20 sindladlyNs the simuprsiopphave in ig.-dft  Jbppegh vgue of the
circuit conprising: a diode group (11) perform ng

réatified waltege ¥gtwds suppriessed and@nhVac voltage (V;,,); 5 a

snoot hing circuit (15) having a snoothi ng capacitor

[0631]anth ehit RHibodingent,i 1 devies fanapiedsial thelpealt valtie sai de obtained
di ode group, a rectified voltage (Vdc) having

vt $éd #tfon sﬁﬂ‘l?l%ﬁtlﬁnﬁﬂ@ﬁ@@ﬁ@h{eﬁﬁo&ﬂieﬁt.ac vol t age
from both ends of said snoothing capacitor (C); and an

[oomagf t Whl(elﬁ}: ¥R hhdWhen idRsdrfRA SR A6tatl Othe Fh€going descnptlon is in
rectified vol tage, said pol yphase ac currents (ra, i,

Al WspbQs FHERFA0 CHAMR intBAEbP Y R& Efdfed YREES! NIt is understood that

numerous modifications and variations not illustrated can be devised without departing

from the scope of the invention.
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10 said snoothing circuit includes: a reactor (K)
constituting a series resonant circuit together with
said snoothing capacitor; and a peak-val ue
suppressing device (D, RS; Cs, Rc, Si; R.,, S2; R8, Q
ZD) suppressing a peak val ueg,of said rectified

vol tage. 15 2. The pol yphase current supplying circuit
according to claim1, wherein said peak-val ue
suppressi ng device includegcLAME ode (Ds) and a
capacitor (Cs) connected in series between the pair of
ends of said snoothing capacitor; and 20 a power
consunm ng part (Re; 16) connected in parallel wth

sai d CﬁD%&gEB@has%Qﬁrre gﬁfyﬂ@cx@u{t%ﬁl pPSingf Om an anode

to a catho sai d di ode corresponds toa direction

Ly SR BI040
curre & 1%?8@1 % ggzuft V\(;S}l 'hawg Cogrgb&gl % @L&{oﬁnéé 3%1% routpu‘ctmg, in

wher ei n r cons m hg par
. 4. Th y current su ci it . )
re%e%%r g ?@P@r RO B o §gf?1§ﬂd¥,8%g (Y fipg pistin
art Jis a r..su circuit.
&2 syl seig e §W8§3%%% poffends St ReRBie shgRar (O and
any one of clains 2 taq wherein said gﬁak val ue
suppr e%“sinﬁﬁ"t‘?i'e(\]/?’)c‘é“l"!ﬁl{‘&ép respoRsRiessald regdiied ypltagrayaid polyphase
connected in__series with said diode (D5) and
ag aIzRNtY Gu; iy, &d)n acpgrdsmeawithsaidpsasienciitereint  suppl yi ng
circuit according to claimb5, wherein
said smoothing circuit includes:
a reactor (K) constituting a series resonant circuit together with said smoothing
capacitor; and

a peak-value suppressing device (Ds, Rs, Cs, Re, S1; Ry, S2; Rs, 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 (Ds) 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 corresponds to a

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

(©).

3. The polyphase current supplying circuit according to claim 2, wherein
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sai d peak-val ue suppressing device further includes a
swtch (Si) connected in parallel with said resistor
(R5). 15 7. The pol yphase current supplying circuit
according to claim1, wherein said peak-val ue
suppressing device is connectgd in parallel with said
reactor (K), and said peak-val ue suppressing device
includes a resistor (RL). 20 8. The pol yphase current
suppl yiadp®idrashiunaiag phdingrdsistd! (RN 7, wherein said
peak-val ue suppressing device further includes a
swtch (S2) connected in series with said resistor
(Ri,). 9. The pol yphase current supplying circuit

accor di NITAOydHHaSR durrdid 8 l{zi %%nréﬁt QCCBRHK% Yc?élh'lﬁl 2, wherein
suppressi ng device 1s con ed I n paral h sai d

snoot hj
rectlf%é% vol?%g ;bgg§ﬂg§% 0 ?Bq§§}%¥e @?gﬁﬁ#ﬂgd
val ue, and does not conduct mhen it falls below a
second predeternined value not higher than. said first
pr edet ned v hase..current
supp yF g T RO el S p G G A OTGRR LY ong,gfglaims 2 to
k- val ue suppressing deV|ce i ncludes a resistor (RB)
aW “IHswitch (Q connected in series with each other,
said switch is turned on when said rectified volta
(Vdc) e84 Beaksvalug sppressing dewicp fwgher dpsludrs @ resisige (ngﬁamected in
said switch is turned off when said rectified voltage
seriggoyitl spid dioge(Id)asdrapaciercSnl predet er m ned val ue.
11. The pol yphase current supplying circuit according
to claim9, wherein 15 said peak-val ue suppressing
devi ce includes a Zener diode (ZD).
6. The polyphase current supplying circuit according to claim 5, wherein

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

parallel with said resistor (Ry).

7. The polyphase current supplying circuit according to claim 1, wherein
said peak-value suppressing device is connected in parallel 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 (Ryp).

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

said peak-value suppressing device is connected in paraliel with said smoothing
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12. A driving apparatus conprising: the pol yphase
current supplying circuit according to claimb5; and a
driving part driven in response to said pol yphase ac
currents (i,,, iv, iw. 20 13. A driving apparatus
conprising: the pol yphase cu&%ent supplying circuit
according to any one of clai l1to4 and 6 to 11;
and a driving part driven in response to said

chfbivhiesanac currents (i,,, iy, i,). 25
conducts when said rectified voltage (Vq.) exceeds a first predetermined value,
and does not conduct when it falis below a second predetermined value not higher than

said first predetermined value.

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

said peék-value suppressing device includes a resistor (Rg) and a switch (Q)
connected in series with each other,

said switch 1s turned on when said rectified voltage (Vq4.) exceeds said first
predetermined value, and

said switch is turned off when said rectified voltage (V) falls below said

second predetermined value.

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 5; and

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

13. A driving apparatus comprising:
the polyphase current supplying circuit according to any one of claims 1 to 4
and 6to 11; and

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



