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1 DESCRI PTI ON MULTI PHASE CURRENT SUPPLYI NG Cl RCUI T,
DRI VI NG APPARATUS, COWPRESSOR, AND Al R CONDI TI ONER 5
Technical Field [00011 This invention relates to
inverter techniques. Background Art [0002] Fig. 14
“is acircuit diagramillustrating the structure of a
conventional nultiphase 10 turrent supplying
circuit. A power supply system 1l includes an AC power

supply 13, and suppli epEgORASTON t age V1, to a diode
bridge 2. An inductance parasitic to the power

SUPP\NYUBYEIEARTE CTSRRERTOATES AN@OTROOYEIORIVAIG APPARATUS,
connected to the AC power supply 13 in series.
ONPPRB exdirp '}@gpn;bﬁg{forns full -wave
¢ rect|$§%é %On %ﬂg?ﬁé AC éb tage V1 . An 15
intervening circuit 3 is interposed between the diode
bridge 2 and an inverter 4, and output fromthe
iode_brjdge 2 is supplied to the intervening circuit
Tbggm%ﬁgw, tervening circuit 3 includes a capacitor 31

hot h ends are supplied wi.th output fromthe
[%RgignmﬁFVﬁ@§H??ﬁ$ﬁéo ‘Eﬁ@¥?9ﬂ5@“§'of t he capacitor
is small, and selectively set at 20 u F, for
exanpl e. The capacitor 31 can be mniaturized by
reduci ng its capacitance value C. 20 [0004] A
Bagkggeundj A% vol t age Vdc obtained at the both ends of
the_capacitor 31 is input to the inverter 4. In the
(0092 Figel 4 5 2 gwivitchagrgmatlustrating ihststrmetuecerfis qogvergionamultiphase
swtching elenents of the inverter 4 is carried out
curias suppying wirtaihi ng ivgemabippl¥ systerf, | ifaludebtmiA@ gowtr aupply 13,
a control circuit 6. As a result, three phase
and siipptiet ani AC, valtage Vi, t@nedisdpplidgd?t oAa inbicince Parasitic to the

power supply system 1 is indicated as an inductor 12 connected to the AC power supply
13 in series.

[0003] The diode bridge 2 performs full-wave rectification on the AC voltage Vi,. An
intervening circuit 3 is interposed between the diode bridge 2 and an inverter 4, and

output from the diode bridge 2 is supplied to the intervening circuit 3. The intervening

. circuit 3 includes a capacitor 31 whose both ends are supplied with output from the diode

bridge 2. The capacitance C of the capacitor 1s small, and selectively set at 20 u F, for
example. The capacitor 31 can be miniaturized by reducing its capacitance value C.

[0004] A rectified voltage V4. obtained at the both ends of the capacitor 31 is input to
the inverter 4. In the inverter 4, swilching of transistors serving as its switching
elements of the inverter 4 is carried out based on switching signals Ty, Ty, Ty obtained
from a control circuit 6. As a result, three phase currents iy, iy, iy are supplied to a motor
5.

{0005] The conirol circuit 6 is supplied with a phase 6 of the AC voltage Vi, the
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25 [0005] The control circuit 6 is supplied with a
phase 6 1 of the AC voltage V;,,, the 2 rectified
vol tage Vag, the currents i,,, iv, i, and a rotation
position angle B mof a rotor of the notor 5. These
respective quantities can be detected by well-known
techniques. The control cireuit 6 generates the
switching signals T,,, Tv, T. based on these

recifieAVbkARSV ., [}QQ,Qtﬁ'lentﬁ‘ il, 8CNiaAHS rofutikh BYALY Bﬁglé‘ 6 m of a rotor of
S|gn|f|cant1y smal | capaC|tance value C of th

theC RS §.0TTiRe Q«[:E%e%%bggﬁéigﬁ5§ e %ﬁh gag rH@Fé&'teldegy Sk 18!3%&9 techniques.

signals T,,, or ement | on

THE SREAL R BYRNLILL B8 o BISIANK LT, WS e quantiis

conversi on. Nerein
AT RN it o
e S BT bl 4, s o

as coppared to, an ordjnar ircuit that 10 includes, a

af%%%@tmnﬁ@ Tespetiye: qupfitis, ﬁw ¥ GRFWALG ACEAgsconystsion.  Such
and 16, respectively) instead of the intervening

swiiplnpg gomrol W |hereihefeferirst HPngs ceapeilariesp 1inyerégst somtrol.  The
snmoot hing | arge-capacitance capacitor CC and a power

capaggodess dovaret comrel mdaws dor miniatutigativapddhe ovdrakd sircuit including a
inverter control is capable of suppressing a power

cappagtonand aduedrieo and attdihecqpd welucerpa compsradgo wn tolndingry circuit that
havi ng to use such power factor correction reactor

indlides Andmabihing ¢ihmitl$01s oo 0B (g showe un tFiG0 21 5f and M6y respectively)
includes a diode DD and a transistor QQ serving as a

 ingsoridtot ha@tcveimndirduit ¥ OrWhie €eapRthisd et 301tdd8pts a smoothing

capacitorless inverter control is capable of

larS& R RpRAMMAR EapRWBF CEUWRE YWk b Corrébdidicthiavi e Epacitorless
lse a chopper circuit. [0007] The capacitorl ess

t
UL Pl R S APy g g o

su%: Owﬁﬁoﬂtrﬁ’a% €to h& I%/ r aH?)r aco[’r@&id %gﬁoy(i,sl% a?%u% gvhlle the

at pul sates w a frequency
<y Ul éaﬁﬁ%s?’cﬂﬁ%a%%% FAIPLY s s
SWLQ %éte eme%lt ltoo}l\cgfmt ep (r:}?o%pgr glsrceujt, the capacitorless inverter conirol is capable
of suppressing power supply harmonics without having to use a chopper circuit.

[0007] The capacitorless inverter control is disclosed in a non-patent document 1, for
example. In the non-patent document 1, an inverter is applied with a rectified voltage
that pulsates widely with a frequency almost twice as much as that of a single-phase AC
power supply. Yet appropriately controlled switching in the inverter allows three phase
AC currents to be output. The non-patent document 1 indicates that, with respect to
single-phase capacitorless inverter control, a power factor has a favorable value of 97%

or more when a maximum value of both-end voltage of a capacitor is twice or more a

minimum value thereof.
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AC currents to be output. The non-patent docunment 1
indicates that, with respect to single-phase
capacitorless inverter control, a power factor has a
favorabl e value of 97% or nore when a maxi num val ue
of both-end voltage of a capacitor is twice or nore a
25 m ni mum val ue thereof. 3 3[00081 A patent docunent
1l is also cited as relevant to the present invention.

[dPRP9A pReheddcudReH MR MIsoloited3R 26186 RS Pres@RRh&@bh.ON
Lai d- Open No. 2004-289985 Non-patent docunent 1:

[d02a9 ﬁzﬁgfgraeaﬂhen 1t @%@%és%rpawhg)gh&{tﬁaLmb?ﬁn §erz #91%9985

not or ing a diode rectifying circuit w hi g

| nput\;po g?ﬂt %}%ﬁﬁfeﬁt h-ali?& LAShhiH ! GnQrep ot ntﬁg%%%ﬁ@hmd for a PM

Engi neer apan, I ona nf erence
4-149. (Mar,ch 200Q).. p. 1591 ..0 sclosure of lnyenti-on, .
mof e § iode Zemtting B ar i B B ST, R msttne of

el BRSSP BBl 00 B/ EL e 0, .15

capacitorless inverter 10 control as descri bed
above. Thus, it is desirable that |ightning
_protection neasures be taken for the power supply
Disglospgerpfinvention11 | Fig. 17 is a circuit diagram
illustrating a structure in which a lightning,
(00104 dt isrcomceiyably theler hehieiag sutarenay bq@pm@sege@%@wer supply
system 1 and the diode bridge 2 in the nmultiphase
systaxm rleoff the uppltiphasg caimentusuppbhegwircyit Eiqpting 4he Tapaciddrbaie inverter
bridge 2 thus receives the AC 15 voltage Vin via the
cortrod ik rdepgitedrabster ThusThas Idegihabhe thyt dghteiigeproféction measures be
functions as a peak-val ue suppressor for suppressing
takan Satrthe pywiitsagplysygtemi nposed upon the AC vol t age
Vin. [0012] D scussion is provided about damage to

[odva ]i Pivert gfa &Mt@h@aﬁiimﬁﬁiﬁﬁﬁ? a$tii@8relifi which a lightning arrester 7

superinposed in the power supply systeml1l. Fig. 18 1s

is RtHPABH bR B FHWRLEHRY Bysk&h 1 and the diode bridge 2 in the multiphase

current supplying circuit shown in Fig. 14. The diode bridge 2 thus receives the AC
voltage Vi, via the lightning arrester 7. The lightning arrester 7 functions as a
peak-value suppressor for suppressing a surge voltage superimposed upon the AC voltage
Vin.

[0012] Discussion is provided about damage to the inverter 4 when a lightning surge is
superimposed in the power supply system 1. Fig. 18 is a graph showing a waveform 101
of the AC voltage Vi, and a waveform 110 of the rectified voltage V4. Herein, this
simulation was performed for the case in which the AC power supply 13 generated a
sinusoidal voltage having a frequency of 50 Hz and an effective value of 270 V_ and a
lightning surge of several thousands of volts having a width of 50 s occurred in the
vicinity of the peak of the sinusoidal votlage. The simulation was performed by

adopting 230 pu s for an inductance of L; of the parasitic inductor 12, but the value may
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20 of the AC voltage V;n and a waveform 110 of the

rectified voltage Vdc . Herein, this sinmulation was

performed for the case in which the AC power supply

13 generated a sinusoidal voltage having a frequency

of 50 Hz and an effective value of 270 V, and a

i ghtni ng surge of several t#ousands of volts having

a wdth of 50 s occurred in the vicinity of the
actRARKvAL de{iéiuﬁﬂlz%ldﬁ %@@W&Qﬁitﬁgﬁjon-r&ﬁ:uﬁisfﬂﬁb&t 6fO0fe Wk (the lengths

perforimed by adopting 230 Ec s for an inductance

of %BWL:P lﬁlﬁift Hl?fep@fcéaht TeSkdoBOMBLQinct Zof BhsibieerYa! YS/etBY L F was

actual’ly vary dependi'ng on the power distributio

adﬁt%cfé g(’ﬂs gﬁpﬁfagj%gg%ngg :T% q"i*gtglgac%gmok N9t hge &%mﬁﬁtw is that the AC

I nduct ance o
ransformers). . T u . adopted~for the
VOC&%Q@?F@%%%H%F%F) éyggﬁg%ﬁggFgéqu?ﬁé7assunption i's
he AC .vol e.Vin | anped .to 800 V by t .
(O, T vavondy bR b rdihatl HTBESVr st £orsided with the
the rectified voltage Vac alnost. coincided with.the..
wayglosn ddmo] ohe & ‘M@gi\b}mﬁa} éta%leélft%hg?fforq %ﬁéﬂpﬁ%wmon of the
. before the superiggositLon of the Iiggtnin surge, .
lightatng; siepe 66 dnasgasad byta liklegpers thap 25950 aften fheesupermposition to
superinposition to have a peak val ue exceedi ng 600
hawg a msryaluetpecopsing @Y 110hat. thesavederm §10ef thotactifjed voltage Ve
Vd, coincided with the waveform 101 of the AC
comoidedgattvihe wgeéinrmnd1defcthead€dvaliage t\an 2gaiv tandedscreased due to
flowto the inverter 4. After that, the rectified

cunadttfhgyeto/he idvatandt dder dles.cthasectifed vaftagd ¥ 3 Aid not decrease as
vol tage V;,, but had an al nbst constant m ni mum

low a$ the AT ReltgRPag bindiddemsilmbst\constett npiaihan Malue ONThétapacitorless
so that a maxi num val ue (w thout considering the

inveHERRIrf@ns tddBtroll RChhi 4 Sexiviint 288e Withsut kwhEderRig th®Egge) of the
a mninmum val ue during operation, thus attaining

recPipied bl it (Ridd @ neRVERidiAfhP Valud Bufifd dfdrati¥iE Thus attaining
the lightning surge is applied during standby for

oBBSE I G o current Wi o,

[8@1‘%‘] WhallUe lightning surge is applied during standby for operation of the inverter 4,
current will not flow from the capacitor 31 to the inverter 4, causing the peak value
exceeding 600 V to be held after the superimposition of the lightning surge.

[0015] Components having a breakdown voltage of about 600 V are often selected for
the transistors used in the inverter circuit 4 for the purpose of its miniaturization.
Therefore, the superimposition of a lightning surge upon the AC voltage Vi, as illustrated
in Fig. 18 means a high possibility of the occurrence of serious damage to the inverier
circuit 4 even with the reduction in that value by the lightning arrester 7.

[0016] However, this phenomenon does not inflict serious damage to the inverter circuit

4 when the capacitor 31 has a large capacitance C. Fig. 19 is a graph showing the

waveform 101 of the AC voltage Vi, and a waveform 111 of the rectified voltage V..



exceeding 600 V to be held after the superinposition
of the |ightning surge. [0015] Conponents having a
breakdown vol tage of about 600 V are often sel ected
for the transistors used in the inverter circuit 4
for the purpose of its mnisaturization. 20
Therefore, the superinposition of a lightning surge
upon the AC voltage Vi" as illustrated in Fig. 18
Unlileaths grapli sfiovpogs Fly. 1181 {heodrapthehaor ur Fend@ ioficstes rguls of
damage to the inverter «circuit 4 even with the
simubtion tthayradoptetl 0 v Bl fue tHeycdphéitance it of tg eapaeisiredl. 71n this
[ 0016] However, this phenonenon does not inflict
cas8,ethk OAIS ARG E/ | OndrEied Y SUOErwhilld el tectiiedRBNadd ¥y, only
capacitor 31 has a large capacitance C. Fig. 19 is a

1nc&‘éﬁ@ Ro SBoW B8r hldRired and\eiBfa kdhs ¥ 0RE. BREaAE of el RGP large
Via and a waveform 111 of the rectified voltage VdO

cap§01ta!rf@é: Ck%et &%ﬂﬂ&?gglﬁééo‘%} Rirfedifs athibst Eﬂ%ep&k%es&"o% AC

In Firg. 19 indicates Tesults of sinulation that

volB0R gty e ol of 5?52%%%“%%9 vol tage V.
[dgﬁ?;eﬁug % gf[&‘lb%? Wﬁ'lg G Js a%gaﬁ/c%l & %%801}{ smaller, a

I ncr eases our and severa
tens of volt Because of t he ry lar ce
chagging iBirells Howirs, B g 861\98%01'%? V¥aa (s Ui g U0 @
peak val ue of th@ olta ._exce in the

ligHjpige MUFSF EAUSEha gﬁﬁe ey ﬁﬁc%ene 5& ﬂ‘ﬁh?aé’aP‘%Of 31, Put

attributed to the fact t hat as t he capaci tance

anqlless GAYs ISPBAUER] 1o SURIRE §i YgesiincEse pthe |capgegr % due to a

the capacitor 31 via the diode bridge 2 due to a
lighthiglat wirgry ins wirdps ©anebermn thyi ghseitoibiss dgeertes qeatrol having the
generated at the capacitor 31. Put another way, it
aforanangigued slyantegeuppr ess a vol t age i ncrease of the
capacitor 31 due to a lightning surge in order to _

[ 9281 oFt drhisodimpmais iof ahd peeserit isemtien havnbeanl mhdoyimngietvhef the

af orenenti oned advantages. [0018] The enbodi nents of
abdva@réHleas nind ihave ah bbiechid\frovide n tevhdiRue BapabbvoOferfoi@ing the
capacitorless inverter control with significantly small capacitance of a capacitor in an
intervening circuit even with the superimposition of a lightning surge.

[0019] In accordance with a first aspect of the present invention, there is provided a
multiphase current supplying circuit comprising: a peak-value suppressor connected
to_an AC power supply outputting an AC voltage (Vjy), said peak-value suppressor
suppressing a surge voltage superimposed upon said AC voltage ;a group of diodes
receiving said AC voltage from said AC power supply via said peak-value suppressor
to perform full-wave rectification on said AC voltage; a capacitor receiving an output
from said group of diodes; an inverter receiving a both-end voltage (Vy4.) of said
capacitor to output multiphase AC currents (iy, 1v, 1w); and an inductor connected to

said capacitor in series, wherein a maximum value of said both-end voltage is twice or

more a minimum value of said both-end voltage.



above probl ens, and have an object to provide a

t echni que capabl e of perform ng the capacitorless
inverter control with significantly small capacitance
of a capacitor in an intervening circuit even wth

t he superinposition of a lightning surge. [0019] In
accordance with a first aspect of the present
invention, there is provided a nultiphase current

Ciodil ! Eec £5 1'8%1{0% %{h %%!58{1(!1 csté ﬁ}l@ 8 31%‘%%[18& Qﬂer S;:%Vlded a

con

i d Kk
ol Gt P@?ﬁagg%f e?ﬁf’a’éislgj%piﬁ% o@%%sqysseﬁsoggpan%d toan
ACHRE g‘éI?P&Y ﬂ% 5ol el %E%gwr/é\gmvgoé SUHE voltage
suppressor erforn1fu||-mave rectlflcatlon
SUpgHgoyed %’Int Cavoliagei @ F188P PEEWdGS f?@elmgoiatqoafi voltage from

fromsaid group of diodes; an inverter receiving a

saih dChpewer ppbyaye spiddmyko ﬁfl@asuﬁpre%sapabmr&m Bulloweysurectification
mul ti phase AC currents (ia, i, iw); and an inductor

on A nEG tvedlage a eaphditarapediing rani ontp@rires saighgmoap of diodes; a first
maxi mum val ue of said both-end voltage is tw ce or

bypasy eomnentedi tousaid alaperitof is giacklleht mdead ivalrteageceiéng a both-end
[ 0020] In accordance with a second aspect of the

volpesEah df dringdpasifort tharepit snpltiphisd et aurmehis t(i,phase, wherein a
current supplying circuit conprising: a peak-val ue

maSitRidh eSi%e bf AN BEGLE™ oltaddlis tAfeet? Walre S WRRINum value of said both-
outputting an AC voltage (V1 ), said neans

endSHIMAEE S Shdéhid fifdd 'bgﬁasg HARRS a sSHROhARPSED Y Q&E’st% leement (Rg)
AC volfage a group of diodes receiving sa

andvaoal:a&ﬁﬁﬁvé EjfHent AC power supply via sai d

peak- val ue supp &Ssor to performfull-wave

[0'09?% /Ixéc%ﬁﬂh ur?xg @ﬂ']fe?tos'%q’sﬂgg hfe@&ﬁ m@en@%@ a&ll tﬁqgt bafpass (33) may

recel ving a grou
acto

fuﬂ%sﬁ B PIRe C@f T RORR el IRPRE KBl Bepent R) and the
cappain PRttt () A RIrectiopafom thpgis o8 CHHURITD ARG coincides

.of said both- voltage. is tw ce or m ni mum
wrcg gdﬁ{@ct&n engl% potential side io a low potentleﬂglde of the capacitor.

{0022] In accordance with a third aspect of the present invention, there is provided a

multiphase current supplying circuit comprising: a peak-value suppressor connected to an
AC power supply outputting an AC voltage (Vip), said means suppressing a surge voltage
superimposed upon said AC voltage; a group of diodes receiving said AC voltage (Vip)
from said AC power supply via said peak-value suppressor to i)erform full-wave
rectification on said AC voltage; a capacitor receiving output from said group of diodes; a
first bypass connected to said capacitor in parallel; and an inverter receiving a both-end
voltage (Vgc) of said capacitor to output multiphase AC currents (iy, iy, iw), wherein a
maximum value of said both-end voltage is twice or more a minimum value of said both-

end voltage, said first bypass includes a serial connection of a diode (Ds) and a capacitive



end voltage , and said first bypass includes a seria
connection of a resistive elenent (Rs) and a
capacitive elenent (Cs). [00211 According to

enbodi nents of the present invention, the first
bypass (33) may further ingiude a di ode (Ds)
connected in series to the resistive elenent (Rs) and
the capacitive elenent (Cs). A direction from an

elerg&ﬁq%ts)t, %n@]@QﬂlteGR&E Iflg&‘l ihendlqde c%FH g@'tog'g%dldgﬂ)v\c}ehc&ncides with a

rrectton froma potentia
) ' Si .tk ' . ' ar.d
e Y R R e e

is provided a multiphase current supplying circuit
conprising: a peak-val ue suppressor connected to an
AC power supply outputting an AC voltage (Vj~), said
nmeans suppressing a surge voltage superinposed upon
said AC voltage; a group of diodes receiving said AC
voltage (Vi") fromsaid AC power supply via said
peak- val ue suppressor to performfull-wave
rectification on said AC vol tage; a capacitor
receiving output fromsaid group of diodes; a first
bypass connected to said capacitor in parallel; and
an inverter receiving a both-end voltage (VdJ of
said capacitor to output nultiphase AC currents (i a,
iv, i,), wherein a maxinmum value of said both-end
voltage is twice or nore a m ni numval ue of said
bot h- end voltage, said first bypass includes a
serial connection of a diode (Ds) and a capacitive 6a
element (Cs), and a direction froman anode to a

cat hode of said diode coincides with a direction
froma high potential side to a | ow potential side of
said capacitor. 7 [0023] According to enbodi nents of
the present invention, the nmultiphase current
supplying circuit may further include a second bypass
(34) connected to the capacitor (31) in parallel.
The second bypass conducts when the both-end vol t age
(VdJ exceeds a first



predet erm ned val ue, and non-conducts when the
bot h-end voltage falls below a second predeterm ned
value smaller than the first predeternined val ue.
[ 0024] According to enbodi nents of the present
i nvention, the second bypass (34) may include a
resistor (RB) and a switch (Q connected in series to
each other. The switch turns ON when the both-end
[0008 ] ageofdifiis Yo exdediserttheffthe giregente detketion, nthel maltipbase current
and turns OFF when the both-end voltage falls bel ow
supblygngSétnittnpr Reideemaiuded seadndehypassq82bdonhectat wothd @meeitor (31)
with a fourth aspect of the present invention, there

in gasalRI.OVITedcohd Biphatd ha6es GHheh 8 bEbRRl YbigzeqMyQUitceeds a first
conprising: a peak-val ue suppressor connected to an

pre@eMANET vAHORIN K- QiHdLEdR gzvﬁfb'ﬂ HE bERH-ErRI0GoIfaYe FAlls BEbH a sccond
means suppreSS|ng a surge voltage superinposed upon

]{-"f@(&-‘tél t age (%{Jé’ %?ﬁlefr(ﬂl&rtﬁgﬁ ﬁktﬂb@ﬂﬁﬁe&%ﬁﬁbv' ng said AC

rom sai power supply via said

[(ﬁ%@t /} gﬁ:ﬁ %V{P RI%331en ﬁ'{ fﬁ%é@n{ &ﬂ en Vefpe second bypass (34)

rec n on Ssal t'age; a capa

oS RSPl 1 ?%?%i@agéi o 6851 ) eldfgher e
B S ﬁea&ﬁ%vwwﬂ“ s agw,ned
o 8 o B R S L e v

bot h- end voltage , and said first bypass conducts
[QREh s arceprBancs-vaitye Fonrthagipeqiddhe BRes@ devegtion.jthere is provided a

predet erm ned val ue, and non-conducts when said
mulfighhscervgreubsupalysng eikdust doeimising: 2 pedorduprupesssptrionaerted to an
value smaller than said first predeterm ned value. 8

A( B8R sudy ongutipgtan AobotageiM. siid meenspuppesting a surge voltage
i nvention, the first bypass (34) may include a

supedasipdbal uidnBlaidAd® eolsapk] £ lardul) ofcdiodmatedving ssidrA€svoltage (Vig)
each other, and the switch turns ON when the

froROkkideAd ‘}‘)@{vaﬁg; Flﬁlyaﬁl)i eN¢ epdB-vahe fippsdssor to perform foll-wave

a

~ predeternined v and turns OFF when the both-end

reciBLdiRaOnf @ld AChelay. bhapseep RdeRiRARIRIT Foneshid gtd® of diodes; a
first bypass connected to said capacitor in par;dllel; and an inverter receiving a both-end
voltage (Vg of said capacitor to output multiphase AC currents (i,, 1v, 1w), Wherein a
maximum value of said both-end voltage is twice or more a minimum value of said both-
end voltage , and said first bypass conducts when said both-end voltage (Vq.) exceeds a

first predetermined value, and non-conducts when said both-end voltage falls below a

second predetermined value smaller than said first predetermined value.



[0027] According to enbodi nents of the present
i nvention, the nultiphase current supplying circuit
may further include an inductor (32, 8) connected in
series to a parallel connection of the capacitor
(31) and a first bypass (33;834). [0028] According to
enbodi nents of the present invention, the
capacitorless inverter control with significantly

[00aa] | Acapting teanbodifnehtsen{ohp pedstrinnayiobethp dirftoypask (34) may
even with the superinposition of a |ightning surge.

inc[ud@3EsiAGE MY 12AG alsiviRRTQicoRibctedah sthd tBle@&tfther, and the switch
i nvention, the diode may allow a reduction in power

turOORUGREL R HEHRHIRAER! (PRP! Sick&: tht WA reAeGRI M Jalue, and
.to enbodi nents of the present invention in

R SHLA s ANLAS L T A TR s v
[ dg??? eA&%FdiH% q? Veﬁhﬁ’)ai BI{tQ Q)% ]tﬂe Y‘gsgﬁtd *nqrgntgot%h Gfﬁ%b %ﬂll@{o}%{? current

he present i nvention 1n particular, e resi
be connect.-ed to the capaci.t or., i aral.l el when
surPReo SriERE Dtk e 06 SRAS R0 PAEGein PR ipparate
val ue, us sl.ow chargi spegad. t he capacitor
comb R b A SRR 3ot neendl et { oge.

9 0032] ..In accordance with a fifth aspect of the )
lO&Péi eMCoFHbR it F@ﬁ?gﬁr}?@rseovﬂ © PFoRdayeniiony ﬁe\ﬁaﬁ@mﬂess inverter
apparatus conprising: the nultiphase current )
cor%f@g B st Beangly ismal] capreiapregodhe gapaciteimay baperfrmed even with

supplied with said multiphase AC currents (i1, i,
thejsuperi@es®n df e lgbeorgiamee with a sixth aspect of the
present invention, there is provided a conpressor

[@3Apragionding tihenthodimengs applar atasentasvegivbnde dibdy eyay allow a

sai d conpressor being driven by said driving
redagpariatposier $@R8dhptibm uade apdazicpeniibh. a sevent h aspect
of the present invention, there is provided an air

[a0o0dli Aéconding €@ BRbb&inttats dihthe pRERhLBSOitioasndRFtidIRE, control may

above, said air conditioner
be performed with the both-end voltage not exceeding the first predetermined value.

[0031] According to embodiments of the present invention in particular, the resistor
may be connected to the capacitor in parallel when the both-end voltage exceeds the first
predetermined value, thus slowing charging speed to the capacitor and suppressing an

increase in the both-end voltage.



cooling or heating air by adopting a coolant, said
cool ant bei ng conpressed by said conpressor. [0035]
These and ot her objects, features, aspects and
advant ages of the enbodinents of the present
invention will become nore @gpparent fromthe
follow ng detailed description of the enbodi nents of
the present invention when taken in conjunction with
[00B2] dc aocpdmeck gt e difthngspectRifi thé pResutrinpdrtion, thére is provided a
Drawi ngs [0036] Fig. 1 is a circuit diagram
drivihg isfafabd gmprighid: \the ghubphasatusendsopidhg girt @t & ddfirel above;
preferred enbodi nent of the present invention. Fig. 2

and SSmdtob kdsied vagl 210 mliipsideA T derréntslat,aj,hpd structure
of a control circuit 6. Fig. 3 is a circuit diagram

[dobk }inﬁ aéédr&agm% RS h MGl &R cObf fhe ! dr@B3hNindhifn! ﬁl%kffs provided a

together wth a power supply system 1 and a diode

I
ng{réggre cgmpl%lf;% e | fpivehed% e ea AL &ﬂ]ﬁpressor being

ccordlng he flrst eferred e I ment
sen nven |s a CIrCUIt dlagram
dﬂ&?% § 4“ |n?erven|ng circuit 3aa of the

(i %gewgp oSSR PRecl MBI B0 ¥ proviced
i nventjon. Fig. . a circuit di | lustrating ...

. g s B et 2 Geaneb b g o Snditioner
variation of the first preferred, enbadi nent of

coohipg SEneating g Py pdopting, a roplang sgid gelantgheing a%ﬂpressed by said
illustrating the structure of an intervening circuit

congedopt ed in a second preferred enbodi nent of the

present invention. 10 Fig. 8 is a graph show ng an
[958l dtticsn amt othed phigets ofcatiecss espsatd apd eidwanteges of the embodiments

of the present invention will become more apparent from the following detailed
description of the embodiments of the present invention when taken in conjunction with

the accompanying drawings.

Brief Description of Drawings

[0036] Fig. 1 is a circuit diagram illustrating a driving apparatus according to a first
preferred embodiment of the present invention.

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

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

Fig. 4 is a graph showing an operation according to the first preferred embodiment of the
- present invention.

Fig. 5 is a circuit diagram illustrating an intervening circuit 3aa of the driving apparatus
according to a first variation of the first preferred embodiment of the present invention.

Fig. 6 is a circuit diagram illustrating the driving apparatus according to a second



enbodi nent of the present invention. Fig. 9 is a
graph show ng an operation according to a first
variation of the second preferred enbodi nent of the
present invention. 5 Fig. 10 is a circuit diagram
illustrating an intervening9gircuit 3c of the driving
apparatus according to a second variation of the
second preferred enbodi nent of the present

variation efithedirst frefgrred émbediaegt afpthe pasmitngveationper at i on
according to the second variation of the second

Figp? &f £tiradt dngrach ittastatob thd erpmes efitn inveatingrircdi0 3b adopted in
Figs. 12 and 13 are circuit diagrams illustrating

a seddd bfefGted diebdlith bt g e stk BiventiG PPl yi ng ci rcuit
according to a third preferred enbodi nent of the
present invention. Fig. 14 is a circuit diagram
illustrating the structure of a conventiona
mul ti phase current supplying circuit. Figs. 15 and 16
are circuit diagrans illustrating the structure of a
conventional 15 snoothing circuit. Fig. 17 is a
circuit diagramillustrating the structure of a
mul ti phase current supplying circuit including the
lightning arrester 7. Figs. 18 and 19 are graphs
showi ng operations of the nultiphase current
supplying circuit including the lightning arrester 7.
20 25 11 Best Mddes for Carrying Qut the Invention
[0037) First Preferred Enbodi nent
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Fig. 1 is acircuit diagramillustrating a driving
apparatus according to a first preferred enbodi nent
of the present invention. The driving apparatus
includes a notor 5 5 serving as a driving part, and
a mul ti phase current supplying circuit that supplies
mul ti phase currents to the Wfotor 5. [00381 The

mul ti phase current supplying circuit includes a diode

bri dggig28 &Na iddH YBOWIAG arf op&Hiién 38cordigi oV et Qlcofld preferred
a control circuit 6, and a Iightning arrester 7. The

em%&ﬁﬁen%ftﬁg redentliSvén@BRect ed to a singl e-phase AC
power supply system 1l via the lightning arrester 7,

and ﬁgpg alggé{ g%p U%hltog\f@’ §n " Ita’tlgﬁ %@c‘idr@ﬂl glrst Varlat:lon of the

S|ngle p e para3|t|
] nti oned above |s
Secloﬁ((]:l %f'rPe eané,b"?n‘%mc? ﬁ%{ oér%ﬁnf }m%% n@aelct ed t o an AC power
supply. 13.in ser dred an ..
dopt g 19 ¢ SE0uF Heeral Y RRES P Bork b Vet af o the driving
100391 The di ode bri 2.has .t he ful ve .
APEEE APSORIPB O 1L PRGN AZeR G 504 Y T srbgdment of the
rectification on the AC voltage Yin to input it to
preseid INYP0EPReni ng circuit 3a. The intervening circuit
3a includes a capacitor 31 and an inductor 32, and s
const Figul bts agraph sheykiag e goeration sreording jsaibe seqond griation of the
More specifically, one end of the inductor 32 and one
seqond poflerrdtecmipaimenttadth@iresgne inyonimact ed, out put from
the diode bridge 2 is received between the other end
of t hEigs.niduatdol3 32 medittdrerathdluseatthgopartshd thapattifthase current
31, and a rectified voltage V& 20 which is both-end
suptd¥ihagircf adcbelingpacihird prddrréderabidiment of thdhgrebany &iviegion.
4. [00401 The capacitor 31 has a capacitance value C

set SOFFhEM ishe &iedfit igehny Ollbageiny&hePithEdire SofMadednwentional
with a frequency twi ce as nuch as a frequency of the

muAphast E@e8t Mipplyin@Bflcdt. maxi mum val ue of the
rectified voltage VdC is twice or nore a m ni num

val ueFfEQ ef£afs 16 B% a&e\altqﬁag%ﬁmheuaﬁﬂgeme%aa&u}ea&xcaeconventlonal

val ue is set to F, and 1 nductance L of the 2
mnog%ﬂgéﬁfu§2 i s set to 300 it H, respectively. These
val u are significantly small as

Fig. 17 1s a circuit diagram illustrating the structure of a multiphase current
supplying circuit including the lightning arrester 7.
Figs. 18 and 19 are graphs showing operations of the multiphase current

supplying circuit including the lighining arrester 7.
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12 conpared to the capacitance value (e.g. 900 it F)
and inductance (e.g. 6 nH) adopted in the snoothing
circuits 301 and 302 (see Figs. 15 and 16,
respectively). [0041] The inverter 4 supplies three
phase currents iu, iv, i, to the notor 5. The
currents iu, i, iwcorrespond to a U phase, a

V- phase, and a Wophase, respectively. The 5 inverter

Beé Mb&dsHHES afr{1he © i (iR p&liIS (upper arm side
transi stors) each having a collector connected to the

[ Qe ] ekt PhetbBEd EAPBGIi@E 31, and three transistors

(lower armside transistors) each having an enmtter

connegt,eq i . . [ :
o oS ERGE Bl MuRaihd GRAREIbRaril ckfile o a firs
o ARt S LD SR e g s a motr
side transistor and the .collector 10.of a l.ower ar .
serdir s pr B BHSHACh 2RBP RGPS ORGP Sul B ifiutit it spplies muldphase
connection node, and the currents iu, iv, iw are
CurEeH @t 1h¢ MORTthe connection nodes. The on/ of f
smﬁaching of _each of the upper _ arm side_transistors. )
(98] Dhemuliibess erent amslvinssiscuitsnelsdes afipdeblidasd a intervening
_switching signals Tu, Tv' TN, fromthe control ) ]
cirgsjit ayjap igvertpRd. 8 @prtediciiguis bgand & lightnimp\arrepigr 7. The diode bridge 2
correspond to a U phase, a V-phase, and a W phase,
is qomnpeied toveisingletphgso @2 poFer pwsly systpenéat thedightmingatrester 7, and
fromthe notor 5, each of the upper arm side
petforans ifgl{-owase aredtification an nma ssidgetphages iAST ovadtags Vi,.  The parasitic
provided with a freewheeling di ode having an anode
induoanechiiiic poweheuppiy $isedin dnd nendatiddodbeve indicted at an inductor 12
the collector. [0043] The control circuit 6 is

coigiepel it8 GnA € hoavep fsa%;ﬁy Q3linGkriédhe Ao MeddrabendVitiirty t DE is adopted
rectified voltage VdO generated at both ends of the

forGARAsd LO8f tBd parhfific Sdub@ALs 1u, i, iw and a 20
rotati on position angle (nmechanical angle) 0 mof a

o T , .
[6 FrRTdiddaehHRE erhlaé the iﬂﬁﬁ)@a\fe‘?&ﬂﬁﬁﬁﬁ&?ﬁrﬁgﬂﬁ& 'ﬁ%u? g?rf&ﬂﬁ full-wave

be detected by well-known techni ques.

P 2 B EEASPTR R Mol 7 o rerin
circuit 3a includes a capacitor 31 and an inductor 32, and is constituted by a choke input
type low-pass filter. More specifically, one end of the inductor 32 and one end of the
capacitor 31 are connected, output from the diode bridge 2 is received between the other
end of the inductor 32 and the other end of the capacitor 31, and a rectified voltage Vg,
which is both-end voltage of the capacitor 31 is output to the inverter 4.

[0040] The capacitor 31 has a capacitance value C set so that the rectified voltage Vg
pulsates widely with a frequency twice as much as a frequency of the AC voltage Vi, and a
maximum value of the rectified voltage Vg, is twice or more a minimum value thereof.

By way of example, the capacitance value C is set to 20 u F, and inductance L of the

inductor 32 is set to 300 p H, respectively. These values are significantly small as
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mechani cal angle) of the notor 5, and a current phase

command (3 ~. The control <circuit 6 generates the

switching signals Tu, Tv, Tw based on these. 25

[0044] Fig. 2 is a block diagramillustrating a

detail ed structure of the control circuit 6. 13 The

control circuit 6 includes azposition/speed operator
a d-qg coordi nate converter 62, a speed contro

u I
coBRESLPOE s SRS 400 PRGNS G lidin i

S @tﬁf tc(i)lrcm@s(s?ﬂla{e}?if r{}@é Flg i é}?& 1642k S&eltgtlbé t he

unctions o I ons be|OMI 5
The 05|t|on spge erator 1. obtalns
[‘5)(%‘33 at t BiRP ngo ﬁ’éee( RIS FIEAY vafy e ‘B e3 m"ﬁ%r 5. The
rotation. an ul ar angul ee
oSty o ORI G AT v BlsRBo 4 sp s eSpectively. The

mechani cal angle of the rotor of the nDt

invgHer, fdnqhudss 4hice dransisiont Pper g SidR drapgisiors &F‘g’% ﬁ%"mg a collector
nmotor 5. The d-q. coordi nate cqonverter 62 obtains what

congegted clg| theong- epd of dbg cappcitpy 34n andy taks ér%lﬁlﬁfioémﬂowar arm side
based on an equation (1) fromthe currents i,,,

trasGstprs) eaedt hawingedneamitter ednngpigd éo theeothsr endef sy Qﬁpa@tor 31. Each
The so-called d-axis current is nmagnetic flux

of twruppat arnaside tresistosoiopos e pairtvigdt eaphod ube bweagnetsids transistors
flux in a main magnetic flux direction established

on\oi fhlsenbi-peasaghagis. SThaadittehof swupsdrlaed sileawinsistou rné the collector
is torque current that controls torque directly with

of 81 8rded kR tphsisRr Sshane therpalrakd s@mbaed hea ebrasttion node, and the
current. [0046] [Nuneral 1] 15 Zu ae J eosa

culgQié Q,:-‘IV %/ a3 ot GBrilimé Ibnkecbn hddes! 0 TBe vhlof@switching of each of
-sin(a- )r/3) -sin(Ce+2~r/3) iw

the upper arm side transistors and lower arm side transistors is controlled based on

switching signals Ty, Ty, Ty from the control circuit 6. The switching signals T, Ty, Tw

correspond to a U-phase, a V-phase, and a W-phase, respectively.

[0042] To pass regenerative current from the motor 5, each of the upper arm side
transistors and lower arm side transistors is provided with a freewheeling diode having an
anode connected to the emitter and a cathode connected to the collector.

[0043] The contro! circuit 6 is supplied with a phase 6 ; of the AC voltage Vi, the
rectified voltage Vg4, generated at both ends of the capacitor 31, the currents i, iy, 1w, and a
rotation position angle (mechanical angle) ¢, of a rotor of the motor 5. These
respective quantities can be detected by well-known technigues. The control circuit 6
also receives a command value wp for rotation angular speed (angular speed of the
mechanical angle) of the motor 5, and a current phase command j *. The control

circuit 6 generates the switching signals Ty, Ty, Tw based on these.

[0044] Fig. 2 is a block diagram illustrating a detailed structure of the control circuit 6.
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[00471 The speed control operator 63 perforns
proportionate/integral operations (Pl operation)
based on the command val ue co nr for-angul ar speed of
the nechani cal angle and 20 the angul ar speed co m
of the nmechanical angle of the notor 5, to output a
notor current command inf. RArther, the conmand
current operator 64 receives the notor current

Th& OMFRN dirb ¥ iddhEdcs W poRNtfonRPasoepiB®dld a@-q cofthatd\@nverter 62, a
phase 0 1, to output a d-axis current cofmuand id*

oA IR O TR B0, 00 MR Bl 5
POl EASA® R BB H S 5P TSV . OF i o
oA Eaba P by Bl pylfof, | 02 T curven,

BRI FostRi el B bR TnB Sfhcon gt i

t he, angul ar, speed co e, of the electrigal angle, t

angle,t Y eltang ratation angihir spged CoEHEhEPeg *waﬂﬁﬁﬁ e?qﬁgrgsei §ng?e and angular
vol tage command vgx based on an eguation (3%. In the ]

spesduatn Wnthe apechpaicalnangle) ofohe apfer eEHic HPtoser Pasedgn the mechanical

ain of the d-axis and the g-axis, respectively, Ld_

anéﬂ df mepfrtbpradeeet therpetor Si ndbe daheeordinatelronvertex 62 ehiains what are
the g-axis, respectively, and 0 a represents a notor

calbeduligs cetant i randot-ixie cundntt agemsedos aequatipd Qb0fom the currents iy, iy,
Nurmer al 3]

iy and the electrical angle 0 . of the motor 5. The so-called d-axis current is magnetic

flux current, a current component that produces magnetic flux in a main magnetic flux
direction established within the motor 5, and the so-called g-axis current is torque current

that controls torque directly with a 90-degree phase advance relative to the d-axis current.

[0046] [Numeral 1]

i
iy (1)

Iw

I:id:| 2{cos6’e cos(é—27/3) cos(9e+27r/3)}

3|-sin@ -—sin(@-27/3) —sin(@+27/3)

[0047] The speed control operator 63 performs proportionate/integral operations (PI
operation) based on the command value w m for angular speed of the mechanical angle and
the angular speed o of the mechanical angle of the motor 5, to output a motor current
command im*. Further, the command current operator 64 receives the motor current
command im*, the current phase command S *, and the phase 6 1, to output a d-axis current
command i4 and a g-axis current command iq* based on an equation (2). These currents

fluctuate widely with a frequency ripple twice as much as that of the AC voltage
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15 rVd*1=[-Ld -QJ d][2d]+~ q Kdld*l 3 vg J d - Kg J
1 qJ Ki +C0,0 J (> [00511 The PWM oper ator 66
receives the rotation angle (electrical angle) 0 e of
the rotor and the d-axis voltage command vd* and the
g-axi s voltage command vg*, to generate phase
vol tage commands vet, v,,{, Mw * based on an equati on
(4). 20 [0052] [MNuneral 4] Wu* cosec -since \Wd
v,[vv*1l=1[cos(ee_ 2,7/ 3) -sin(ee-2z/3) * - [00531 Vw*
3 cos(a+2r/3) -sin(9e+2r/3) vq [0053] The PWM

PR qggﬁm | so receives the rectified voltage Vde,
. [ang uses %JQ 25 vol tage and the phase vol tage

connands vu*, vv*, v,,,k, to obtain ONtinmer j 0 =
u, 15 of he u er armside transistor of each
phase ] N i on ). Acarrier period T~
i's |n£E @m¢@ uatﬁgi (5). The value of the
ON ti is f rC|bI changed to T. when exceeding

T., and |s forcibly changed to zero when bei ng bel ow

zer 00541 [ Nune vj*+0.5vd-Tc, ... (5
[?Qﬂ(?asiﬁerﬁ@?ﬂmopﬁﬂ;e PPEY °§t6gr@§elf’??e ?’Fﬁé’gﬂg’ tZBd "’I’%\fhe q-axis
r wfor each carrier period T. and supplies the
curenf dy.tthe s Ewrer commandni ngnds g rfids purrent copypanst iy > and the
turning the transistor of each phase on/off in
angaipwese ¢ o of the Jeciried angleg to output a d-axis voltage command vd and a

g-axis voltage command vq based on an equation (3). In the equation (3), Kq and K4
represent propoftional gain of the d-axis and the g-axis, respectively, Lg and L, represent
motof inductance of the d-axis and the g-axis, respectively, and ¢ 4 represents a motor
counter electromotive voltage constant.

[0050] [Numeral 3]

va*| | —Ka —welallia Kaia*
= ' -(3)
Vg * WeLa - Kq ig inq * +a)e¢u
[0051] The PWM operator 66 receives the rotation angle (electrical angle) 6. of the
rotor and the d-axis voltage command vs and the g-axis voltage command Vq*, to

generate phase voltage commands Vu*, Vv*, Vw* based on an equation (4).

[0052] [Numeral 4]

v ¥ cosC —§in

2 ) va*
w* |=.1=|cos(G:—27/3) —sin(—-27/3) { *] = (4)
v ® cos(6:+27/3) —sin{é+27/3)

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

voltage and the phase voltage commands vu*, Vy , Vo » t0 Obtain ON time ¢ iG=u v, w)
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10 [0056] Fig. 3 is acircuit diagramillustrating an
adopt abl e structure for the lightning arrester 7,

whi ch is shown together with the power supply system
1 and the diode bridge 2. In Fig. 3, a pair of input
lines of the diode bridge 2 is connected to each
other by a protection elemant 70 included in the
lightning arrester 7 . A varistor may be adopted for

of thB& Eér Ghid OBl sEMR bactPohato blsedOR bh efhifliond53.S A& carrier period
graB sho form ; 0

W ng a wavef or 01 of the AC voltage V,

T, ?%ﬁdﬁ%ﬂy %{1&5 %hua]u%ﬁ éﬁi Tukh%pJaﬁfétdfftlileeéNvt%é Ia?{ellﬁ;f?x“cﬂl{; 8hanged to

t
ase“curr S 'yl'ng Circu rate
i Fig. ..l. . .Like.the.siml atian Q i Figq..18
T e SRttt i SR B s P PR Rl Do
ower_.supply 13 generates a sinusoidal voltage
ng@ﬂﬁém§ﬂ¥$l§ uency of 50 Hz and an effective val ue
of 270 V, a lightning surge of several thousands of
volts 20 having a wdth of 50 ta s occurs in the
vi ci ni ty,«ofg.aypeak, and the AC voltage Vi, is
clanp@ﬁ;%U—BOO—ﬁ%by“@he lighting protector 7. [0058]
The wavef orth 102 of the rectified voltage Vk does not
[9054d nTIBORWM tifnee b7 stoees thePBY iimposist ifon of ferrach carrier period T,
lightning surge. This is attributed to the fact that
andasugipiiegthegnvarigr #ewith the siwhinggignabnl't Mg, Ti fvd durniigdge transistor
2 to the capacitor 31, which goes through the 25 16
of ¢aet phteronddT in wspmey enthedtoredbtimehangi ng st eeply by
the inductor 32. [0059] A desirable value of the

[oosdcrigngds b dfcult iadrdutibaratidg anSadepiablredtedtas feethe lightning
out below. In this regard, current does not flow

arrb @M, WECICIBRRGIA Rigethdr (vath tREpdMSLHRY systét e ind it diode bridge 2.
inverter 4 is on standby for operation, or when the

Tn P & tePaift of Snphd 1RRETALhO MM brtige 3 §IBEdMeBEd SHT@h iother by a
appl 'ed during the output of a line-to-line voltage

pro?éctﬂﬂ(e‘i@ﬁébt ! ind] gl?ﬁl%iﬁﬁ)ﬁﬁ? st M Siad isltor mzrly be adopted

ransi stors are ree of the | owe

for%gbr%lteqﬁoﬁ rf:%ﬂl%h? hers

[0057] Fig. 4 is a graph showing a waveform 101 of the AC voltage Vi, and a waveform
102 of the rectified voltage Vg4, in the multiphase current supplying circuit illustrated in
Fig. 1. Like the simulation shown in Fig. 18, this simulation was performed for the
case in which the AC power supply 13 generates a sinusoidal voltage having a frequency
of 50 Hz and an effective value of 270 V, a lightning surge of several thousands of volts
having a width of 50 g s occurs in the vicinity of a peak, and the AC voltage Vi, is
clamped to 800 V by the lighting protector 7.

[0058] The waveform 102 of the rectified voltage V4. does not reach 600 V afier the
superimposition of the lightning surge. This is atiributed to the fact that a charging

current i, flowing from the diode bridge 2 to the capacitor 31, which goes through the
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are ON). An estimate of a desirable value of the

i nductance L in such state is thus a safer estinmate
as conpared to when the inverter 4 is in operation.

Therefore, the following is based on the assunption
that current does no flowto the inverter 4. 10

[ 0060] Assuming that Ls repr@sents the sumof the

i nductance L of the inductor 32 and the inductance

mdlugﬁoi)gZ b ﬁreivgﬁitg at . %éﬂﬁglﬁgc%egélgr@%@ﬁﬁiﬂ&% Werl 3UDD| y

uati on ho
1§55 ﬁ%ea%s&me ERLTR LIRS b i o RN 0 st ou

. ndu%‘égﬁ C?fﬁ?’@&'f’gﬁd i Bl St Etlt)?%edialgslaer 4 when
T 15 i
thoyBverlt 4.8 v Sebey, Bifipweiste ob Ml éﬁegf’xﬁgﬁgrvz?gsg% & deSiion but &

absol ute value is . applied to the capacifor

lightnymg sprgens Applisd dyying (he-quipyid adme-tg-lipg ypltage qa“ 01(Wh2@ all three of
=Ls tz g+-q ...(6) C[0062] Since a maxi mum val ue VM

thedtpp@h@mp@rﬂ@ﬁragwprswr@ -fevhep Abdrgseaftheyfoyrer agmsigle transistors
the capacitor 31 before the occurrence of the

are] Yt nAngssmeaigeof a Hesighler vl of ther imductingedo & sughostate is thus a

flow, and the voltage of the capacitor 31 is VM
saf¢0 egBhate\esncanpabditto ombdns tlebimieried 4wist im dperation.  Therefore, the
assunption that the voltage of the lightning 25
folhwigeisdfabal orbiic ngsupdmaivpelhticarrdist, doehad fIVR te (héanidrter He
equation (6), and further that initial
[0060] Assuming that Lg represents the sum of the inductance L of the inductor 32 and
the inductance Ly of the inductor 12, and V; represents power supply voltage, a
relationship of an equation (6) holds based on the assumption, since the charging current
i, flowing to the capacitor 31 goes through the inductor 12 and the inductor 32. The
amount of charge q (time integration of current) is introduced to the last equation. The
power supply voltage 1s V; is rectified by the diode bridge 2, and its absolute value is
applied to the capacitor 31.

[0061] [Numeral 6]

VZ—LS@-F ,[icdt
dt
z 1
=Ls=—sq+ (6
s—rdt 4 (6)

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

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

surge after being clamped is Vs, that V2 = Vs in the equation (6), and further that initial



10

15

20

25

17 values are adopted so that i. = 0 and g = C WM
the voltage Vde = VD of the capacitor 31 and the
charging current i. =i.0 inediately after the
conpl etion of the lightning surge (AT after the
occurrence of the lightning surge) are expressed as
equations (7) and (8), respéctively. 5 [0064]

[ Numeral 7] VD=VS-(VS-VMCOS 0 C "' (7) JS [0065]

| pes M@l -
P OBRET e SLSE G A S ke TOken i sarge s !

i ryn 1 r . i ad:
an @RGPt St Y ARG (FEPBR G QI BEFMline swee
efore 15 an ften. t-h e f )
(PSR Sl ol B A lE sPBELRRTAPRRl A prions () nd (8

maxi num val ue VM (w t hout considering the surge) as
TeSPEHVERNt ed by the waveform 101. A solution is

obt ai ned again with V2 = VM and i0 =i. and q = C
[QﬂgaisHSH??éﬁy] values in the equation (6). The
vol tage Vvdc of the capacitor 31, which keeps

i ncreasing while the charging current i, flows due
to the effect of the jpductor, becones maxi num when

t he cHardsnd?s 206+ xes i:(Thecones zero. The maxi num
value VN i s expresse an equation (9). [0067]

[ Nureral 9] VN=VM+ (VD-VMI -1-1CC2 "' (9) 25 [0068]
Protecti on agai nst breakdown due to the |ightning
[8065¢ e[Namnerbks8Jobt ai ned when t he

C . AT
foe = ’— Vs —Var)sin (8
Ls( s=Va) N LsC ®

[0066] The pulse width AT of the lightning surge is assumed to be very narrow as
compared to the period of the AC voltage Vi,. Thus the power supply voltage V. before
and after the occurrence of the lightning surge can be approximated to have the maximum
value V) (without considering the surge) as indicated by the waveform 101. A solution
is obtained again with V, = Vi, and i, = i, and ¢ = C « Vp as initial values in the equation
(6). The voltage V4 of the capacitor 31, which keeps increasing while the charging
current i flows due to the effect of the inductor, becomes maximum when the charging
current ic becomes zero. The maximum value Vy 1s expressed as an equation (9).

[0067] [Numeral 9]

VN::VM+\/(VD—VM)2—I—1?CC‘2% -+(9)

[0068) Protection against breakdown due to the lightning surge can be obtained when the
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18 nmaxi mum value VN is not nore than the breakdown
vol tage of the inverter 4. [ 00691 Using the
equations (7) and (8) in the equation (9), the
i nductance Ls is obtained by an equation (10).
00701 [Nuneral 10] 52 Ls=1 AT 2 -(100 C1 1 WN
-VM 1- cos Il 2(Vs-VM 10100711 Using C =20 ,u F
Vs= 800 V, VWN =600 V, VM= 205 270V, and AT=50 us
. [
R S i e Y
cr . .
(3SR B ARG GRardlB) 1Y RRAREE OF Wl GHRARRE Lo is obtined by
gro.ec agai nst breakdown due to the |ightning
an %F%gn n the inductance Ls is not |ess than about
4 .1 072] An LC resonant frequency can be
[%gglﬁﬁﬁﬁmﬁgib ansform ng the equation (10). Wen Vs
=800V, WN=600V, VWM=25270V, and AT =50 s
are adopted, a resonant frequency is 1681 Hz, which
is of 34throrder with respegt to a power supply
frequency |of 50 Hz, and 28th order with respect to a
power supply frequgpcy of 60 Hz. Put another way,

prot eét ¥ due €t he |ightning
surge caft be obf ailndd 1Y sellecting L5 to be 20 Iower
than these ordersa\ Vs—7vis

[0071] UsingC=20 u R, Vs=800V,Vy=600V,Vy=2"+270V,and AT=50 us
as specific numerical values, fhe inductance Lg is obtained to be about 450 u H from the
equation (9). Since Vy decreases as the inductance Lg increases based on the equation (10),
the inverter 4 can be protected against breakdown due to the lightming surge when the
inductance Ls is not less than about 450 1 H.

[0072] An LC resonant frequency can be obtained by transforming the equation (10).
When Ve =800V, V=600V, Vyy=2"°-270 V,and AT=50 usare adopted, a resonant
frequency is 1681 Hz, which 1s of 34™ order with respect to a power supply frequency of 50
Hz, and 28" order with respect to a power supply frequency of 60 Hz. Put another way,
protection against breakdown due to the lightning surge can be obtained by selecting Lg to be
lower than these orders.

[0073] In the data used for the simulation shown in Fig. 4, the inductance Ly of the inductor
12 is set to 230 u H and the inductance L of the inductor 32 is set to 300 u H so that an
inductance is greater than Lg obtained from the equation (10). Fig. 4 shows the simulation
results when the inverter 4 is in operation but a lightning surge was applied during the output

of a line-to-line voltage of 0 (when all three of the upper arm side transistors
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[ 0073 ] In the data used for the sinmulation shown in
Fig. 4, the inductance Lo of the inductor 12 is set
to 230 H and the inductance L of the inductor 32 is
set to 300 u Hso that an inductance is greater than
L5 obtained fromthe equation (10). Fig. 4 shows the
simulation results when thel% nverter 4 is in
operation but a lightning surge was applied during

aret@ﬁ BtHvRER all aﬁe@f)f thel IbRer &1 LD BraNRétbAGE: ON)O (:ng %nFlg 9, Fig. 11
three of the upper arm side transistors 19

an(pr\i 96 sy ﬁnﬁfle{tlog\}béﬁﬁg%dy@ﬂlé}y@fcuﬁﬁﬁhéés.

nsi stors are and

[6:(37&3 'h%% %‘é%)%b%%ﬂ?%}j&#ﬁﬁ‘g&y% ovfle(f’ rﬁ’{g:cténg an inductor to the

can.

BP0 B8PS, PR D AR 2 o
a%?qrmﬁé IPI% a%%ﬁ{tggg%{}% rﬁi'%alt ‘?fj ﬁ“ﬁa C\Iﬁ}]glg ;Jﬁ‘ll?tgara‘fsqssgﬁ%g rda g to a first

appar at us _accor di first variation of the first
Va"ﬁ?‘g’lné%rt%‘a figstBEsds ?mB?da 1Bt o 1B aFfseit AYEREipEn . ARdntervening circuit
intervening circuit 3aa adoptable for the
3a3 pdopiahdh fordhe nterypring irpwt Pa dncdudep dhecenpaciiar gyl @ taiednductors 32a
two inductors 32a and 32b. The inductors 32a and 32b
any 3@bc ohhe dadugtors 32aendaphc peosondéctidh ie dhg egpagiten3] in series when
viewed fromthe power supply system 1l while being
vieaved drmge thequopes supply systac i vdtilkkdreingl@rap@al/éfjpoRitgto dach sther.
a circuit diagramillustrating the driving apparatus
[6@7sdr Higng is a carcsie daugthm Vidusirating theafrividyeagparsiis according to a second
preferred enbodi nent of the present invention. An
vahidiic@rofand figst ?ferf@xu&ct emBodifichtisiethe phec@dpegitibar A inteklening circuit
does not include the inductor 32. Instead of the

3 ihE1HYGEHRE capaeitord, bt abt Bclule HtiedResed. DetstRanfileinductor 32,
|i ght ni ng arrester 7 and the di ode bridge 2. The

an 1 iAHES:OF 1@m’te§g&%ﬂ%@&@é¥1 the lf%le ik @BRE40T ard thddiode bridge 2. The

seri es. It should consi dered that the

m@hgmu@smﬁlu& ecaﬁéc@cwglﬁs%nwe capaci tor 31,
roug

I ch goes t e Inductors 32a and 32b in the

[éd)e'}(;6 Lgv ﬁl%tl% OQOns?c{%gecf ﬁlr ? : Vefﬁapgmé Qgﬂ'gﬁt Sw}fxé' t(g t1:"[1&: capacitor 31,

( respec Fevent e
thl:cl%ag(%s I'tllslquSt eﬁllgll_Xdl? ors I%S ch Q%J 1h T?lg %IIS‘[ variation, and through the inductor

8 in the second variation, respectively, is prevented from changing steeply by these inductors.
Therefore, an increase in the rectified voltage V4. can be suppressed in these variations as
well.

[0077] 1tis of course allowed to provide the inductor 8 between the diode bridge 2 and the
lightning arrester 7, and the inductor 32 in the intervening circuit 3a (or the inductors 32a and
32b in the intervening circuit 3aa), respectively, as these two inductors 8 and 32 (or three
inductors 8, 32a and 32b) arc also connected to the capacitor 31 in series.

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

and the system inductance 1.y be not less than the inductance 1.g obtained
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Therefore, an increase in the rectified voltage Vdc
can be suppressed in these variations as well. 20
[0077] It is of course allowed to provide the

i nductor 8 between the diode bridge 2 and the
lightning arrester 7, and the inductor 32 in the
intervening circuit 3a (or t3e inductors 32a and 32b
in the intervening circuit 3aa), respectively, as

forhD @8 8qifoni(fguct ors 8 and 32 (or three inductors 8,
32a aﬂd 32b) ‘are al so connected to the capacitor 31

oS RS I s s

25..and t he em. i nduct.gn Q | ess..t han the "
coif kT hiE ¢ E2 BETCpRONT 0 F koSl i ih WGy ftmposicon

079]. As descyj bed above, .the capacjitorless jnvert.er
of G HPPNE SR aMSPEE R BB RE 0 fo0 tea s SALE Beifiethan the
C of the capacjtor 31.can be tfor ven with th )
reagis i ﬁ%@éqadt indhe Sepothing g ﬁﬁl & 3@9 i Beasriougl dampering
i nduct or 32 can be made snmaller in size than the 5
the ragdaterization gfBstiBreRingfac8loot hi ng circuits 301 and
302, thus not seriously hanpering the
mniaturization of the intervening circuit. [0080]
Second Preferred Enbodinent In the first preferred
[eoRod dBerend Prefersedebmbodiarege i n t he charging current |
from 10 the diode bridge 2 to the capacitor 31 is
suppr bsthe fird prafemebanbodimant, b stteg tlengt dn theeharging current i, from
capacitor 31 in series. Alternatively, a bypass may
theb@iope dvidded donthpasaphdiek 3 issuppessed apacirinectindlai dnductor to the
di scharge excess current to the bypass. [00811 Fig. 7

capaRitdr G i Wekedli atlicmtivel st bRtdse Gndyhe %,tdmurnepﬁﬁuanwith the
intervening circuit 3b having such a bypass 33. The

o AR o B popt o0 L1 e

[D881EPI266Y 2 R il QidoRh iV RBLRG HeMibture of an intervening circuit 3b
having such a bypass 33. The structure shown in Fig. 1 is again adopted in this
embodiment, except that the intervening circuit 3a is replaced by the intervening circuit
3b shown in Fig. 7.

[0082] The intervening circuit 3b includes the capacitor 31 whose both ends are supplied
with output from the diode bridge 2, and outputs the rectified voltage Vg4, generated at
the both ends of the capacitor 31 to the inverter 4. The intervening circuit 3b further

includes the bypass 33 connected to the capacitor 31 in parallel.

[0083] In the bypass 33, a diode Dg, a resistor Rs and.a capacitor Cg are connected in

" series, and a direction from an anode to a cathode of the diode Dg coincides with a

direction from a high potential side to a low potential side of the capacitor 31. Fig. 7 is
an illusiration of a case where the anode of the diode Dg is connected to one end on the

high potential side of the capacitor 31, the cathode of the diode Dg to one end of the
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3b shown in Fig. 7. [0082] The intervening circuit 3b
i ncl udes the capacitor 31 whose both ends are
supplied wth output fromthe di ode bridge 2, and
outputs the rectified voltage Vdc generated at the
both ends of the capacitor 31 to the inverter 4. The
intervening circuit 3b furthér 20 includes the
bypass 33 connected to the capacitor 31 in parallel.

res{s%qggl tHeoth&ieendYRARS rédBstortR AHoPSR Rl ofahé Bslashel Cﬁ%nd the other

and a capacitor Cs are connected in series, and

endlloF &L Cf%Eacfltrop e ath 0d&dt Bn a\%’i@ QBQOQﬁef& al tsli]cfe dr Qgﬁle c%acﬁor 31,

CO nci w'tha irection froma I gh potentl

' resEec 1velt9ro él‘hl PWiel? %Itfglge% Hl%fle %ﬁdﬂ}eo;esﬁ;ﬂaF RS %g?ﬂg %'i})ggigoﬁocageformmg a

an il case

e Ds | connected to one end on the 25

Smﬁﬁ@ﬁ“ﬂ%?@%g?gwmgF of the capacitor 31, the cathode
(Qitd] ofich S5 mh TS S Py POl E g AL i Blee e 0 waveform

capacitor. Cs, and the ot her d of the aci.tor

103 gl Bote-c@d obiaeg Hlethe (9\?\1’2}539%%4 a0 PR (e ﬁ@sa@ft{ voltage
31, respectively, The order of the diode Ds, the

Var esihe simutaioaneongitions syeent ity Proyisien af Hg bypasse?] alre identical to
circuit may be changed. 5 [0084] Fig. 8 is a %ra

thostidoi thy simnkalioh dhah keultedf int the graply shavayén Vig."18a As data of the
waveform 103 of both-end voltage of the capacitor

byfss Indha resistef dyrhd04 ofsistdnee radcl @ f Redindotheacppaciyg. Cs has a
The sinul ati on conditions except the provision of the

cafeypars @31 g F.depidhchypako 33tdaade fedocadhia siveras adinpared to the
that resulted in the graph showmn in Fig. 18. As data

cafcithh®l hyip@ea ﬁ&sitah&@of 980 St Bradbpich@s il JiLslasibAMER resulted in
of 10 Q, and the capacitor Cs has a 10 capacitance

théguapgm“5¢n$%%h9bypass 33 can be reduced in size as
conpared to capaci tor 31 having a capacitance of

[8%1 #hE RILRES 104 otfftﬁe %Eﬁﬁe%lt b @k MR, mBeM t@bhdides with the

graph shown i n
waveform 101 of the AC voltage Vm untll immediately before the occurrence of the

lighining surge. Meanwhile, the waveform 103 of the both-end voltage of the capacitor
Cg has been charged to a peak vale (2°° + 270 V) of the AC voltage Vi, due to the earlier
operation. But when the lightning surge occurs and the AC voltage Vi, increases steeply
toward 800 V, not only the capacitor 31 but also the capacitor Cg is charged via the diode
Ds. The current to charge the capacitor Cg flows via the resistor Rg.  Accordingly, the
rectified voltage V4. indicated by the waveform 104 increases more steeply than the
both-end voltage of the capacitor Cs indicated by the waveform 103 does. Note that the
charging current i, in this embodiment can be made smaller than the charging current i in
the intervening circuit 3 (Fig. 15) by the charging current flowing through the capacitor
Cs. This prevents the rectified voltage V4. from reaching 600 V.

[0086] Then, due to current flow to the inverier 4, the rectified voltage V4. almost
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[ 0085] The waveform 104 of the rectified voltage Vdo
al nost coincides with the waveform 101 of the AC

voltage Vi" until imediately before the occurrence
of the 15 lightning surge. Meanwhile, the waveform
103 of the both-end voltage of the capacitor Cs has
been charged to a peak vale2f2'5 270 V) of the AC

voltage V;,, due to the earlier operation. But when

coildies! WHRERY B&hSIAHARIAES Hf TheddPadiRe ACempbiadllf Bt coincides with
I ncreases steeply toward 800 V, not only the

the 9%? @gltﬁ%r DgQiﬂt aﬁgl RRrd B8, CARRE k@l thESedtiFicd RA! YJd @oes not

current to charge the capacitor Cs

decréagél\ﬁ? ¥4 v@aé 51% tA@ S\i'{)@é&lr VR%ut ﬁgsc %&ﬂ?)g{ Yons ?m%gmum value. The

ed vol t age ndi cat ed the waveform 1

capﬁﬂgorﬁegggﬁreg%; otrr%g :caqllggq% gt%ﬁaég%ah@ef%?e ﬁgigﬁggoﬁfdenng the

surg“% ioTghe ol efaﬁ?gi‘%%h I %@E*ﬁf&#@%@*ﬂ%ﬂ%éﬁ“ﬁ Ut Wperation,
15) b h h

muéa%lé%tg%ﬁa¥%%‘¢ﬂgv@fé@é@ao‘tVﬁréf ihaci tor Co %?29' "

Xentsthe rectified vol eV&f om reachj g 8

73501 Gwpethertiand, theoth-gn i %gﬁtof wnasﬂ?rh s Coincides with the
|nverter 4, the rectified vol tage al nost 22

rectifiedeoléags Vo t And then helds thaHoleget %af@r t ‘Hais dagsabgcase potential
Cs tenporarily, but coincides with the AC voltage

on Yhe, caslyaicrsidenef the diwladasbased varthe heth.endveltageced ﬁlr:@apacﬂor Cs is
vol tage V& does not decrease as |low as the AC

highied thaig potertial onuhe frasle anlcalf thesdiodonbs based onitlm reuinfied voltage V.
val ue. The capacitorless inverter perfornms control

[ 60380 Tt dRde®KiieHeD Melcaity i visoudf thoatsivd epémton. heB @ the rectified
surge) of the rectified voltage Vd, is twice or nore

voRRagdl Vi MpM Mtk UgideNT dNehch@icdt dbaRe in thiSagicttardesk igverter control.
operation with a high power factor. [0087] On the

The! € holBas vdiiage BOtR-capiPLL 386 palsatbfi®idepahé@thdSiode Ds in

coincides with'the rectified voltage VdO and then

theggg(;%%% ghe M t1 e C;@'AL f{ednd di Qé}%r%egﬁﬁﬁ’l W%%Eacﬁor Cs under

i al e side of the di ode Ds based

noprﬁlaltopgraggﬁﬁvﬁgg g&?érét@@ﬁ")sé)ﬁ {hd ?esfs?rﬂ‘%'. tqh rg%?ucie%ower consumption

" at the resistor Rg under normal operation, therefore, it is preferable that the diode Ds be

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

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

variation of the second preferred embodiment of the present invention, where the bypass
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10 hi gher than potential on the anode side of the
di ode Ds based on the rectified voltage V& [00881
The diode Ds is not a necessity in view of the above
operation. But the rectified voltage Vdc pul sates
wi del y as nentioned above in the capacitorless _
inverter control. Thus the 2oth-end voltage of the
capacitor Cs al so pulsates widely wi thout the diode
33 Bclides ddie tRY BaRRite3 Cs BAUShE st DY WhRIGRidOtRNsistor Rs. A
di scharge fromof the capacitor Cs under 15 nor mal
wagasﬁﬁgm NndiREE theOBRRIAY 8BIRSST 1R dabSifo? S hRd aRPaveform 108

O reduce power consunption — at the resistor 1s under

h@?%é gl%éﬁ??%?iﬁ%?ggrggﬁg%%Elﬁﬂ¥aeigyggggeggpl$héh?;se
i i 8 , L
(Rl 2o NN ogor 2 RO B s bgher than tha

sugh cansugption i.s.not .generate atural |y, IS re .
whER B 9980 08 13 Harcishen ineerr oo ot PRVt 2o gL with e
in the bypass 33, 20 in that respect. [008
reskiRerTi A% CRRRIST P, FEPRESPG ABhorRa ferensy E%&Gﬂoa%anq Noltage of the
t he b%pass 33, the capacitor Cs is charged quickl¥, .
capgritehCaldus e iranHencRiBOmAneth &t BRYEHACHRLRy prchin the rectified
flow ng through the bypass 33. As a result, an
volitager\eas by exierfienr ecti fi ed vol t age VdO can be
suppressed even nore effectively. Fig. 9 is a graph
[6099\i Aheughope carsidered e thedimglation, antemat losg Becurs in the capacitor
vari ation of the second preferred enbodi nent of the
Cspr ehentvheémthe nlioden)s whemneedtért thy betbsnd 30lt3% oinibe eamsitor Cs that
only the capacitor Cs and the di ode Ds by renoving

rosehitef @t Hphicatisa.ofAhe WavaingrsirgeOdectaastisomitlea tinkeeconstant due to the
bot h-end voltage of the capacitor Cs, and a waveform

intdD8I lob 6k thabgceCy, afd efdnbdhlly PoirrRs W a maximum value (without
respectively. [0090] The both-end voltage of the

ARl HRE | dF th Geclifibd & i\@ci.o!ID'éoﬁa%'é GB8stofsh@n the lik
COt hat g5 \MSW%S)t he rescilsltorOI\gR?gei s‘I prO\}i ded. It ?ss o e My

be RbGfeRfARb gg@ngﬁhs bhge Q%ﬁ&gﬁgl% 3t PRAANL HEM Whithit he

resistor SO capa suppressi ng abnorm

[bM]egé ﬂeécﬁb&!ﬂ gb&%f ﬁ'e%glgac\i’tg} §99ﬁ)apé‘nﬂgfq§creases in capacitance ¢ at the

occurrence of a lightning surge, and functions with the original capacitance C under
normal operation. Accordingly, the capacitoriess inverter control with a significantly
small capacitance C of the capacitor 31 can be performed even with the superimposition
of a lightning surge. Further, the capacitance of the capacitor Cs may be made smaller
than the capacitance (e.g. 900 p ¥} of the capacitor CC adopted in the conventional
structures illustrated in Fig. 15 and Fig. 16. Considering that the capacitor Cs performs
the operation of branching the charging current to the capacitor 31 to suppress a voltage
increase, the capacitance of the capacitor Cs may be specifically made as small as about

100 uF, for example, which is larger than that of the capacitor
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capacitor Cs due to a transient phenonmenon at power
activation, and in the rectified voltage Vvdc by
extension. [00911 Although not considered in the
simulation, internal |oss occurs in the capacitor 10
Cs. Thus when the diode Ds is connected, the both-end
vol tage of the capacitor Cs Mhat rose after the
application of the lightning surge decreases with a

31 eMan&IRR Shan thafl UE tHeOcdpASitor OC €T TR cda8Rorofs Wik thus not seriously
Capacitor Cs, and eventually coincides with a maxi mum

hat rliﬁ? fn\gaiﬁtﬁﬂﬂz{ﬁonccﬁﬂﬁé &%%agn%amyr ge) of the

recti vol tage Vdc . charge resistors and the
i y c c . . . c i .
(00953 PR 40,05 of AR B0t Rl R i ORAR 4 ariving
oG 8B R W 2 aeePi BRI 8F e sBBRTIR st gpbgaiment of the
| i ght ni surge,, and functigns with the origj.nal i
preserf AT e A THASPIE P ToPE ST SHS AGL SpRply includes the
. the acitorless ipnverter control with a . )
mdélFTQﬁ'S? ie‘ﬂ'i‘rfﬁfli?“ Ok IR FARE TS WO{%@eeéﬁ%meﬂ&mducmr 32
. 31 can_be performed even with_the_ superinposition of
is gponpefpd in fyies e dhe reigtehernestinn efihg crpasier 3dfandHke bypass 33
capacitor Cs may be made smaller 20 than the o
Byaulppting thedetetenipe goitdeys B inlgevcomgadicrd3agBown in Fig. 1, the
adopted in the conventional structures illustrated
furichorpfjthe isdugg 3Ridgscrited uCtrdirdigrefeged babodient and the function of
capacitor Cs perforns the operation of branching the

thechigpags 39 dascrilexdt irt thet feeondpacfetred cBibotlimehitippsr esmbmed together.
vol tage increase, the capacitance of the capacitor

Thé&sforaya asdtagp atikddse al thy reaifedasltagal], as tlatdtirrenk@®f a lightning
F, for exanple, which is larger than that of the

surga@PAChd ﬁfpp?e@.seﬁ”eveﬁhdf@%ﬁ‘ééfﬂielgr than that of the
capacitor CC. The capacitor wi |l thus not

[G®ai1opp] Y1 iRPRBH shbRindl dNvas b in? 861 NtheTAd B6ltage Vi, a waveform
Intervening crrcuit. [0093] Fig. 10 is a circult

10% iro?\g}fli%gbm-énld%d'lﬁgb g R c.hﬁ‘z{cﬁf)f’ %@,’ R §ivhEREdrmCi 04 BE the rectified
voltage Vy.. The already mentioned values were adopted for the inductance L of the
inductor 32, and data of the bypass 33. It is shown that a peak value of the rectified
voltage V4. at the occurrence of the lightning surge is small as compared to the
waveform 102 (Fig. 4) adopting only the inductor 32, or the waveform 104 (Fig. 8)
adopting only the bypass 33.

[0095] It is of course allowed to further provide the inductor 8 between the diode bridge
2 and the lightmng arrester 7 as described in the first preferred embodiment.
Alternatively, the inductor 8 may be provided between the diode bridge 2 and the

lightning arrester 7 while adopting the intervening circuit 3b instead of the intervening

circuit 3c.
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apparatus according to a second variation of the
second preferred enbodi nent of the 5 present
invention. An intervening circuit 3c has a structure
that additionally includes the inductor 32 with
respect to the intervening circuit 3b. Mre
specifically, the inductor 3 is connected in series
to the parallel connection of the capacitor 31 and

[ 6098 bhiasEreRdred HRYbABIGREH Ng the intervening circuit

3c as the intervening circuit 3a shown in Fig. 1, the

functpipn jof ald'8 hRARLAIdiRZaRe SBikREsk bitt bhehe intiBfphase current
preferred enbodi nent and the function of 10 the

o8 SV, N BBt B e s mcnin
RAPAE AR 6AS5 1l IS chEeLl o (b S o Ui
B T LR —
et BE 2 ) R RO SEHERR, oAl st or o

. vol tage Vdc.. The al ready nentioned val ues were

interyeERe airewt 3¢ (56 Fi8dlitk ance L of the inductor 32, and
data of the bypass 33. It is shown that a peak val ue .
(97 hEhe woggrvening) cirgil $dbas yaEugbre RViyel abyemesi ol additionally
the lightning surge is small as conpared to the

conmgviefl dv thel@pagipr gl i pargelgnithgyingnvspingarquidigcdeseritgg in the first
or the waveform 104 (Fig. 8) adopting only the

pretfigrpals smBadin20t (HG0ELekncd & dig. chuanslethal inteweshing circuit 3e has a
further provide the inductor 8 between the diode

stritotind e whthathel bihas B4 ghddditivgaHy cesteeted 7o ths cdpmitotr Bedh parallel in
inthe first preferred enbodinent. Alternatively,

thel ilRrvenehecdifiitS bdeycritdih tw gechdpeieen chivedidhed evith reference to
bridge 2 and the |lightning arrester 7 while adopting

Fid e I THEbySRE M3 Gichfdh ta 38Hdl Nhaédioff oft BeardnBis®i V@Nidhding as a
circuit 3c. 25 25
switching element and a reststor Rg.

[0098] The control circuit 6 supplies a bias voltage CNQ to the base of the transistor Q
based on the rectified voltage V4. . The transistor Q is turned on when the rectified
voltage Vg exceeds a first predetermined value, and turned off when the rectified
voltage Vg4, falls below a second predetermined value (which is smaller than the first
predetermined value).

[0099] In this way the resistor Rp gets connected to the capacitor 31 in parallel when the
rectified voltage V4, ecxceeds the first predetermined value and increases, thus slowing
charging speed to the capacitor 31 and suppressing an increase in the rectified voltage V..
Moreover, the parallel connection to the capacitor 31 gets canceled when the rectified

voltage Vg falls below the second predetermined value, thus not compromising the

operation of the capacitorless inverter under normal operation.
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10096] Third Preferred Enbodi nent Figs. 12 and 13 are
circuit diagrans illustrating part of the nultiphase
current supplying circuit according to a third
preferred enbodi nent of the present invention.
Al t hough the diode bridge 2, the inverter 4, and the
lightning arrester 7 are omated, the 5 circuit is
configured in a simlar way to Fig. 1. In this _
[ @r0oQ dit 7B coukdeatloMe Y @lMiABnalB dontédt tRabyHASY {d¥hEicapacitor 31
1 is replaced by an intervening circuit 3d (see Fig.
in f%llllél lin ik ik EfNEBRASE T 5B In f«‘%. 68 e deBond Fariation of the first
0097] The intervening circuit 3d has a structure in
S acdi L i ! :
i, Shntind 1PN 1 SBRGEAEA LA bvpss 34
a described in-the fir tef.eried di ment..
to R RERBPLIE Rl e b e b R TR E RS M b 7 ama 10

has structure ir ich the b ss.34 is : .

os I Pennan b eo et Bttt o ol Baatdn. Fospectively. I is of
arallel in e intervening circuit 3b descr]bed in .

cotf LT é‘?ﬁéﬂ?eéﬁ S G TR AT ViR P Fesiomitdis %f%l the diode Ds
Fig. 7. The bypass 34 includes a serial connection of

(shariicirgpid remeyall) serving as a switching el enent and a
resistor RB. 15 [0098] The control circuit 6 supplies

[Q1dil a8til slteragidvetyuthe sictified makeeeo¥ ot meas beaelginged by the bypass 34

based on the rectified voltage Vdc . The transistor Q
withgut provating thewhdnctoh 82 r(slvrt tirewdt remdtadignr Mg ietcrenity arcuit 3d
first predeterm ned val ue, and turned off when the
shovecin Figel?. vol tage Vvdo falls bel ow a second
predeterm ned value (which is smaller than the first
[proedeFer tie e pase B4ue Jopedife EBORTIY R redpossar@ya thevarying lightning
resistor RB gets connected to the capacitor 31 in

sm%@,r k| tRinsitiee ) hb&ds toaspeidid @dhiell dpage VA Qrioy ¢BEEs ahd @ lightning

irst predeterm ned value and increases, thus slow ng

swigB N8 SREGH tHa? atdEpiioRaat 1@ hS3dpRRthnSHB LS. AN power
increase in the rectified voltage Vde. Moreover, the

_ . Lt or
egéﬂt f:éw?ﬁe}g@?%éegﬁvé &éllli‘tealﬁalﬁ’ﬁﬁﬁlhg surgt QRkfnE BRGR! &8s to be
secured even during standby for operation of the inverter 4. In terms of structural

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

[0103] Application
The driving apparatus including the multiphase current supplying circuit and the
motor 5 supplied with the multiphase AC currents i, iy, iw according to the present
invention is capable of driving a compressor, for example. Such compressor is included
in an air conditioner, for example. The air conditioner adopts a coolant for air cooling or
air heating, and the coolant is compressed by the compressor.
[0104] While the invention has been shown and described in detail, the foregoing

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



vol tage Vdc falls bel ow the second predeterni ned
val ue, thus not conprom sing the 25 operation of the
capacitorless inverter under normal operation. 26
[0100] It is of course allowed to additionally
connect the bypass 34 to the capacitor 31 in
parallel in the intervening2@ircuit 3 shown in Fig. 6
as the second variation of the first preferred
nurBEB e BT catifhd /I riatiehy canl be Héviad! Wikt ld@parting from the scope
additionally connect the bypass 34 to the capacitor
mﬁﬁguh%n@@{a||e| inthe intervening circuits 3b and 3c
shown I1n Figs. 7 and 10 5 as the second preferred
enbodi nent and its second variation, respectively. It
is of course allowed to nodify these cases by not
providing the resistor R and the diode Ds (short
circuit renoval). [0101] Still alternatively, the
rectified voltage Vdc nay be cl anped by the bypass 34
wi t hout providing the inductor 32 (short circuit
renmoval) in the intervening circuit 3d 10 shown in
Fig. 12. [0102] For the bypass 34 to operate
effectively in response to a fast varying |ightning
surge, the transistor Q needs to operate at high
speed. A drive circuit and a |lightning surge
detecting circuit that are appropriate to the
operation are al so needed. A power supply for
activating those drive circuit and |Iightning surge
detecting circuit needs to be 15 secured even during
standby for operation of the inverter 4. In terns of
structural conplexity, therefore, it will be nore
advant ageous to adopt the bypass 33. [01031
Application The driving apparatus including the
mul ti phase current supplying circuit and the 20
notor 5 supplied with the nmultiphase AC currents i,,,
i, Twaccording to the present invention is capable
of driving a conpressor, for exanple. Such conpressor
is included



in an air conditioner, for exanple. The air
condi ti oner adopts a coolant for air cooling or air
heati ng, and the coolant is conpressed by the
conpressor. [0104] Wiile the invention has been shown
and described in detail, thg foregoing 25

description is in all aspects illustrative and not
restrictive. It is therefore understood that 27
nunerous nodi fications and i ati ons can be devi sed

wi t hout departing fromthe scope of the invention.

28 CLAI MBS 1 A mul ti phase current supplying circuit
conpri si ng: peak-val ue suppressor connected to an

AC po \Aernukmb@ﬂeyﬁuﬂgmtmupplwmg aruscomposingge (W, ), said
peak-val ue suppressor suppressing a surge voltage

supe peapovaed supppeosaimieSd o b dde powegsupply aftputioges AC
receiving said AC voltage from said AC power supply

voldga (Ve chid pedi-wedihel suppugsporesprestiog pesutgy volfagk |superirposcd
rectification on said AC vol tage; a capacitor

updiefiel XCn@l@age;out put from said group of diodes; an
i nverter receiving a both-end voltage (Vvdc) of said

Cap@%&“ddbroft(ﬁodyfit@é&wn hitll ADIBRAACHOM SBNNT pdwer supply via
ice,); and an |nductor connected to said capacitor 1n

salas @Akem E)Fe'sﬁ)r% p@e@lmimw\%!l%emeéﬁc%m 0199&5 A Yoltage;

tagels Wi ce of nobre a m ninum val ue sal

bOth&H&g té’x%&é%ﬁ an%utﬁt Méafd&ér%ﬁ GHELEL suppl yi ng

circurt conpri suppressor connect ed
to &1 11"?‘\/% 2P Vrvgcren?cirlilé) pI Xot%— Ut tljragg ("i’?ﬂc) c% said capacitor to output

multiphase AC currents (iy, iy, iw); and
an inductor connected to said capacitor in series, wherein
a maximum value of said both-end voltage is twice or more a minimum value

of said both-end voltage .

2. A multiphase current supplying circuit comprising:

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

a group of diodes receiving said AC voltage from said AC power supply via
said peak-value suppressor to perform full-wave rectification on said AC voltage;

a capacitor receiving an output from said group of diodes;

a first bypass connected to said capacitor in parallel; and



vol tage (V;n), said neans suppressing a surge vol tage
superi nposed upon said AC voltage; a group of diodes
receiving said AC voltage from said AC power supply
via said peak-val ue suppressor to performfull-wave
rectification on said AC vpdtage; a capacitor
recei ving an output fromsaid group of diodes; a
first bypass connected to said capacitor in parallel;
andar? Snveetar irevedritern baheindi vdtage (VLN -efnshid/ @bpaiter to output
(Vvdc) of said capacitor to output nultiphase AC
muftipha®AS clirénts (iy, iv,li\)) whek@i ei n a maxi mum val ue of
said both-end voltage is twice or nore a m ni num

val YehaxRhurf ¥aFhe RFtsBriedh-vAl {i8Re iRMcS 8f fhold 4 finimum value

bypass includes a serial connection of a resistive

0f§ﬁ gngeggﬁgngn@ capacitive elenent (Cs). 3. The

mul tiphase currfent supplying circuit according to

cl a%ana f&%ﬁz&? 'lﬂlclﬁc?el d, Jehﬁfséoﬁlé&ﬂﬁlsoff g‘éllgﬁ\ge él@ﬁlefftd@%) @nd a

onnecte In series resi st

nd said capaC|t|ve elenent (Cs), and a
Cap&lclﬁg%nlle%l%%ep%an anode to a cathode of said diode

coincides wth a direction froma high potentia
side to a low potential side of said capacitor. 4. A

peak DA oG B S“%ﬁ%&é%ﬂf%%rﬂw”%m&gg@sm

outputtlng an AC voltage (Vi"), said neans

supPHedEringyPass dugher visrlpderea liphs (hp ceacaipbin saiies jacsaid

vol tage; a group of diodes receiving said AC vol tage
resistive ylementfRs hand! satd enpaeitive alspiept (Cs), and

a direction from an anode to a cathode of said diode coincides with a direction

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

4. A multiphase current supplying circuit comprising:

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

a group of diodes receiving said AC voltage (V;y) from said AC power supply
via said peak-value suppressor to perform full-wave rectification on said AC voltage;

a capacitor receiving output from said group of diodes;

a first bypass connected to said capacitor in parallel; and

an inverter receiving a both-end voltage (V4) of said capacitor to output
multiphase AC currents (iy, iy, iw), Wherein

a maximum value of said both-end voltage is twice or more a



vi a sai d peak-val ue suppressor to performfull-wave
rectification on said AC voltage; a capacitor
receiving output fromsaid group of diodes; a first
bypass connected to said capacitor in parallel; and
an inverter receiving a bogph-end voltage (Vvdc) of
said capacitor to output nultiphase AC currents

m%%?ﬁ”@%‘aﬁ 3p snid botMRB Shiheg Maxi mum val ue of said

voltage I's twce’or nore a 30 mi ni mum val ue

of i h- en t . ' Ay SS | d o
2 <3 BBy R a0 e BB BF  URES T A5k i
el t ), and a direction froman anode to a
dm??ﬁggg%aéfssaid di ode coincides with a direction
froma hi otential side t | ow,.potenti.al side of |
sai %d%%&&?l&f an gnoda o 4RI AfBIdiPI ARG ViR Agiroction
circuit according to claim2, f%rther conprising: a
from @dughiperspiiad side s ARy eatepidalsideicaigd£apacdier i n
paral |l el, said second bypass conducting when said
bot h-end voltage (Vdc) exceeds a first predeterm ned
val ue, and non-conducti ng when sai d bot h-end vol t age
fal§.s Bed owlaphsee ondepr sehplengiomedit veacordingstraiclagm 2, further
than said first predeterm ned value. 6. The
conmisingohase current supplying circuit according to
claim3, further conprising: a second bypass
connecécednd bysas doeapadi thahid cappétarlih @larallsRisdidseecenidbypass
bypass conducti ng when said bot h-end vol tage (VdO)

con@i&fRtwhés §did %bm%ﬂdﬁﬂﬁ%mv& c¥Rbdea figd hredetermined value, and
non- conducti ng when said both-end voltage falls bel ow

norPedtRBONHE Rh&HSLE bBIHISR VMalE falls below a second predetermined value

smaller than said first predetermined value.

6. The multiphase current supplying circuit according to claim 3, further
comprising:
a second bypass connected to said capacitor in parallel, said second bypass
conducting when said both-end voltage (Vy4.) exceeds a first predetermined value, and
" non-conducting when said both-end voltage falls below a second predetermined value

smaller than said first predetermined value.

7. The multiphase current supplying circuit according to claim 4, further
comprising:
a second bypass connected to said capacitor in parallel, said second bypass
conducting when said both-end voltage (Vgac) exceeds a first predetermined value, and
non-conducting when said both-end voltage falls below a second predetermined value

smaller than said first predetermined value.



smaller than said first predeterm ned value. 7. The
mul ti phase current supplying circuit according to
claim4, further conprising: a second bypass
connected to said capacitor in parallel, said second
bypass conducti ng when sand bot h-end vol tage (Vdj
exceeds a first predeterm ned val ue, and

non- conducti ng when said both-end voltage falls bel ow
a second predeterm ned value snaller than said first

predegpl H]Iu'ﬂiﬁﬂlagea&ﬂ%nt %{Blﬁng -EH@uiP‘g(%c% ﬁciﬁiﬂ{ 5 ,e@flergin said

suppl yi ng circui f according to c erein sa

seo g OB v o eeeF 285} BRE RSN (H)ooRREhd BOLAER to cach
turning ON wh i.d_pot h-end_vol V. _

ot sy Ty Vgaco S by ot end Aedh 6 CERENS g frst

pre%%%gfégo rf}%‘lﬁg:gall\;]glﬂ%%%g ggl?l&r:s(@wgféaﬁ/v Ba I—ddCYSpﬁﬁ%ggt alls below said

supplying circuit according to claim®6, wherein said
secarcpRectByyaes valie| udes a resistor (RB) and a switch
(Q connected in series to each other, said switch
turning ON when said both-end voltage (V& exceeds
said first predeterm ned value, and turning OFF when
‘sai 9l fbt mutiphayo burage stipllyisg secwivasmiding secleime 6, wherein said
predet erm ned val ue. 10. The nul ti phase current
secBp pyydspdncludes i tesaoe qRg) agd tosvatchi () Gonneedimsemis do each
second bypass includes a resistor (RB) and a swtch

othéiQsaiopRigd adning GBI whén kaidebuth-endtvodage $¥H)H esvdetic kaid first
turni ng ON when said both-end voltage (VO exceeds

pred@bfnihbd Shive PERF@lrBIE OB WithUgid 3Bth-dndr Wilnge hifs BEI6W said
said both-end voltage falls bel ow said second

secBhEPRUSEAMAEE vt ue-

10. The multiphase current supplying circuit according to claim 7, wherein said
second bypass includes a resistor (Rg) and a switch (Q) connected in series to each
other, said switch turning ON when said both-end voltage (Vg4) exceeds said first
predetermined value, and turning OFF when said both-end voltage falls below said

second predetermined value.

11. A multiphase current supplying circuit comprising:

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

a group of diodes receiving said AC voltage (Vi) from said AC power



11. A nmultiphase current supplying circuit
conprising: a peak-val ue suppressor connected to an
AC power supply outputting an AC voltage (Vi"), said
means suppressing a surge voltage superinposed upon
said AC voltage; a group of diodes receiving said AC
voltage (Via) fromsaid AC3Bower 32 supply via said
peak-val ue suppressor to performfull-wave
rectification on said AC voltage; a capacitor
supp§Ceih \shidgpeakitvalile upprossari o grfomp fil-wlivedestjfiatibh remt said AC
bypass connected to said capacitor in parallel; and
vol@Be;i nverter receiving a both-end voltage (Vdc) of
said capacitor to output nultiphase AC currents (i1,

|V, 3 bapacilor rR@iSs BupufBSh i stahpief Abdgal d bot h-end
voltage is twice or nore a mni mum val ue of said

bowﬁ [l LAe teéwsﬁébgpaatmh pavRgs gngonduct s when
sai d t -end vo tage ( exceeds a first
prede 0 d
e RAB ARG IR
u% h [ hhan %_&;rst predetern1ned val ue.
mupphase ?9% ﬁ§é Prent - suppl yi ng circuit

accordln 1 ere| said.first bypa
et et vabie squ%ald% b e oo e (Byherg By value
in series to each., other, said SMAtCh turni ng ON when

of sgud bpthysnd veliagey 8Pd age (VU ) exceeds said flrst
predet erm ned val ue, and turni ng OFF when sai

bot $rid AdstyRipessy eondiictss Whet aidshathrend sioliage (Vdc) exceeds a first

predeterm ned value. 13. The nultiphase curren
predetpmhipedh grabiier end tnomeesodd¢tagvhen sdidhettend l}’plt#&ﬂr falls below a

second predetermined value smaller than said first predetermined value.

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

second predetermined value.

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

first bypass.

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

comprising:



conprising: an inductor connected in series to a

paral l el connection of said capacitor and a first

bypass. 14. The nul ti phase current supplying circuit

according to claim?2, farther conprising: 33 an

i nductor connected in serigg to a parallel connection

of said capacitor and said first bypass. 15. The

mul ti phase current supplying circuit according to

claim3, further conprising: an inductor connected

i n aemdaetor gorpostedain| ssticy ina derallshcemestigniolc said sppasitor and

and said first bypass. 16. The nul ti phase current
saidfipspbynasg) circuit according to claim4, further

conprising: an inductor connected in series to a

paral I el connection of said capacitor and said first

bypass. 17. The nul ti phase current supplying circuit

accty.dimg inaltifhasarcdrient fsuppliire cie@npadcerdigg t@rlaim 3, further

i nductor connected in series to a parallel connection
cor@pristi:d capacitor and said first bypass. 18. The

nultlphase current supplying circuit according to

cl aliMnbidctol UbtliRied FORREL & AGaralB]l EAHEEEEH of QNARE &ﬁor and
in series to a parallel connéction of said capac

sai@ffbt bypass.

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

said first bypass.

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

said first bypass.

18. The multiphase current supplying circuit according to claim 12, further
comprising:
an inductor connecied in series to a parallel connection of said capacitor and

said first bypass.

19. A driving apparatus comprising:

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



said first bypass. 19. A driving apparatus
conprising: the nultiphase current supplying circuit
according to one of clainms 1 to 18; and 34 a notor
supplied with said nultiphase AC currents (ia, iv,
ice,). 20. A conpressor caaprising: the driving
apparatus according to claim 19, said conpressor
bei ng driven by said driving apparatus. 21. An air
cong nfdt@napplicdnipith sdid giultiplase Afpuesse(i,Acdqy.di ng to
claim?20, said air conditioner cooling or heating air
by adopting a cool ant, said coolant being conpressed
by sai d conpressor

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

said compressor being driven by said driving apparatus.

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

being compressed by said compressor.



