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ABTOHOMHAS CUCTEMA QJIEKTPOCHABXEHUS HA BA3E
ACHUHXPOHHOI'O TEHEPATOPA U TOKOBOI'O KOMIIEHCATOPA

Uccnedyromesa 603MOMCHOCIU NOCMPOEHUST CUCHEMbl 2NeKMPOCHADdCeHUss camoliema Ha 0Oasze
ACUHXPOHHO20 2eHepamopa. MuHosayuamu 6 makou cucmeme 6yoem UCHONb308AHUE NOJYAPOBOOHUKOBO20
npeobpazosameliss Muna UHEEPMOpa MoKa Oisk Camo8030YHCOeHUSI ACUHXPOHHOU MAWUUHDL, C NAPATLCTbHbIM
pellerHuem 3a0a4u CmabduIu3ayuy HanPsAXCceHus npu nepemMerHol CKOPOCHU 8PaUeHUs 8A1d MAWMUNBL U, NPU
HEoOX00UMOCMU, KOMNEHCAyuell UCKANCEHUU HANPAXCeHUs 2eHepamopd, 6bl36aHHOe HEeNUHEHOCbIO UL
HecuMmempuell Hazpy3ku. B xauecmee npeobpazosamens ucnonv3yemcs asmoHOMHbIN UHGEPMOP MOKA, 8
omaudue Om UHEEPMOPA HANPAICEHUS, He COOEPICAUULL HNEeKMPOIUMULECKO20 KOHOCHCAMOopd, UMeue2o
uzgecmuvie ocpanuyenus. llocmpoena mamemamuyeckas Mooeib cucmemsl. s aHaiu3a sHepeemuyecKux
COOMHOWEHUL NPUMEHSIOMCS npsimble Memoowl pacuema AJY. Pezynvmamul ananumudeckux pacuemos
npeocmasietsi.

Knioueevie cnosa: Aemonommuvie cucmembl  2eHepupoanus, ACUHXPOHHBIL —2eHepamop,
Komnencamop neaxmuenou mowrocmu, ObpawenHulii uHeepmop moxa

Jlocnioocytomuvest  mogicausocmi. - noOy0o6u  cucmemu  e1eKMponocmavants  aimaka Ha  0asi
ACUHXPOHHO20 2enepamopa. [HHosayiamu y maxiu cucmemi O6yoe GUKOPUCAHHA HANIBNPOBIOHUKOBO2O
nepemeoprosayd muny iHeepmopa cmpymy Oisi CamMo30VOX*CEeHHS ACUHXPOHHOI MAWUHU, 3 NAPAIelbHUM
sUpiweHHaM 3a0a4i cmabinizayii Hanpyeu npu 3MIHHIL WEUOKOCMI 00epMAHH 8ALy MAWUHU M, Npu
HeoOXiOHOCMI, KOMNEHCayielo GUKPUBIICHHS HANpy2u 2eHepamopda, CHPUHUHeHO20  HediHitinicmio  abo
Hecumempicio Hasaumagicents. Y Axocmi nepemeopiosayd GUKOPUCMOBYEMbCS ABMOHOMHUL IHEepmOop
cmpymy, AKuil, Ha 6IOMIHY 8i0 IHGepmMOopa HANpyeu, He MiCIMumo e1eKmpoIimuiHo20 KOHOEHCamopd, uo mac
8i00Mi 0OMmedcerHs: 30Y008aHO MAMEMAMUYHY MOOeTb cucmemu. s AHanizy eHepeemuyHux cni6BiOHOUEeHb
3ACmMoco8yromsbes Memoou po3paxyHky A/AY. Pe3yiemamu ananimuyHux po3paxymKie HageoeHo.

Knrouoei cnosa: Aemonomni cucmemu eenepysanns, Acunxponnuil eenepamop, Komnencamop neak-
mueHoi nomyacnocmi, Obepnenuil ingepmop

BBenenue

M3BecTHO, YTO TPaJHULIMOHHBIE CTALMOHAPHBIE CUCTEMBl T€HEPUPOBAHUS 3JIEKTPUUECKOW IHEPruu
cpeaHel u OOJBbIION MOIIHOCTH CTPOATCS Ha 0a3e CUHXPOHHBIX T€HEPAaTOPOB HE3aBUCHMOTO BO30YKICHUSI.
HanpoTuB, B aBTOHOMHBIX CUCTEMaX T€HEPUPOBAHUSI DJIEKTPUUECKON SHEPTUH, TAKUX KaK BETPOIHEPIeTHKA,
aBTOMOOWIILHBIE TEHEPATOPbI, CBAPOYHBIC TEHEPATOPHI MPEANOYTEHNE OTAACTCS ACHHXPOHHOMY T€HEpaTopy
[1, 2, 8, 10]. B cucremax reHepupoBaHMs 3JIEKTPUUYECKON IHEPIMU CpeHEMarucTpaibHBIX CaMOJIETOB
MOJTyYMJIM PaclpOCTPAHEHNE CUCTEMbI C CHHXPOHHBIMHU T'€HEPAaTOpaMH C MOCTOSHHBIMHM MarHutamu [9, 4].
Ho nns manpHEMarmcTpalbHBIX CaMOJIETOB, TJ€ CyMMapHas MOIIHOCTb CHCTEMBI JJIEKTPOCHAOKEHHS B
yeTelpex KaHamax pgocturaetr 1000 kBr, Takme pemienuss Ha 0a3e CHHXPOHHOTO TreHeparopa OyayT
3aTPYJHUTEIbHBIMHU, TIO3TOMY AKTyaJIbHBIM SIBJISETCS MCCIIE0BaHHE BO3MOMXHOCTEM MOCTPOEHUS! CUCTEMBI
AJIEKTPOCHAOXKEHHUST camoJieTa Ha 0a3e aCHHXPOHHOTO reHepartopa. MIHHOBamusMHu B Takoil cucteme Oynmer
WCIIOJIb30BaHKE IOJYTPOBOHUKOBOTO Mpeo0pazoBareis THIIA WHBEPTOpAa TOKa JUIS CaMOBO3OYIKICHHSI
ACHMHXPOHHOW MalIMHBI, ¢ apaJUIeIbHBIM PEHICHUEM 33Ja4K CTaOMIU3alMN HAMPSHKCHUS TIPH TIEPEMEHHON
CKOPOCTH BpaIlleHHWs] Baja MAIIWHBI W, MPH HEOOXOJAWMOCTH, KOMITEHCAIMEeW WMCKaKeHWH HaIpsOKEHUS
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reHepaTopa, BBI3BAHHOEC HEJIIMHEHHOCTHIO WM HECHMMETpPHEW Harpy3ku. B kauecTBe mpeoOpazoBaTens
WCTIONB3yeTCS aBTOHOMHBIM WHBEPTOp TOKa, B OTJIMYHE OT HMHBEPTOpAa HANPSHKEHHS, HE COJepIKaIlui
AJICKTPOIUTHIECKOTO ~ KOHJICHCATOpPa, MMEIONMIETO OTpaHWYCHWE TI0 JOMYCTUMON  OTPHUIATEILHOMN
TeMIepaType, He JOCTAaTOYHOH JIJIsl SKCIUTyaTallii CaMoJieTa B YCIOBHSIX OONBIIUHCTBA TeppuTopHit Poccuu.
W3BecTHO HcciieqoBaHNE PAIMOHATLHOCTH IPUMEHIMOCTH KOHBEPTOPOB TOKa 1o cxeMe “‘back-to-back™ mmst
mpoekTa Oymymiei BeTpoycTanoBkd Ha 10MW [3] co craOuinpHOM wacToTO|. [1pu 3TOM Kaxaplii KOHBEPTOP
MIPOIYCKAET MOJHYO MOIIHOCTh Harpy3KH.
IlocTanoBka 3agaun

B nanHoii paboTe yCcTaHaBIUBAIOTCS M aHATU3UPYIOTCS YHEPTETUIECKIE COOTHOIIECHUS /IS OTIpeJie-
JICHUSI TTapaMeTPOB MapaIICILHOTO TEHEPaTopy PeryiisiTopa peakKTHBHOW MOIIHOCTH Ha 0a3e Tpex(a3Horo
uHBepropa Toka ¢ WM. [lpu 3TOM crabumM3upyeTcsl TOJIBKO BEIMYMHA HANPSOHKCHHUS HA BBIXOJIC
TeHepaTopa, ero 4acToTa MepeMeHHa, HO 3aTO Yepe3 KOHBEPTOP He MPOXOIAT TOKU MEPErpy3Kh U KOPOTKOTO
3aMbIKaHusl Harpy3ku. CTpOMTCS MaTeMaTHYecKas MOJEIb CHUCTEMbl T€HEPUPOBAHUS 3JICKTPUUYECCKON
SHEPTUM HA OCHOBE MPSIMBIX METOJIOB aHAIM3a JHEPreTHUECKHX IIPOILECCOB B CHCTeMaX. 3aTeM aHa-
JTU3UPYIOTCS OCHOBHBIE DHEPTreTHYECKHE XapaKTePUCTHKH, M Ha JTOW OCHOBE Jejaercs e€ CpaBHEHHE C
W3BECTHBIMU CUCTEMaMHU.

CTpykrypHas cxema cucrteMmbl. Ha puc.l mokazana CTpyKTypHas cXxema HCCICIyeMON CHCTEMbI
AJIEKTPOCHAOKEHUSI.

HH
_ Harpyaka
iH cuH He YyBCTBWTENbHAA
Al T K JacroTe
iar iH
! YH
KHM Harpyaka
e RoWREHGaToP iH uck 4y sz&g;lgeenbﬁaﬂ
HeakTueHon
MowHocTH
L
Puc. 1

3neck Al — acuaxpoHHBIH reHepaTop, KHM — kommnieHcaTop HeakTHBHOM MonTHOCTH Ha Oa3e AUT,
HH — marpyska, He 4yBCTBUTENbHAs K YacTOTE€ MEPEMEHHOTO HANpsOKeHHs (TeruioBas, OCBETHUTENbHAs,
BBIMIPSIMHUTENbHAS | T.1.), YH — Harpy3ka, 4yBCTBUTENbHASL K YACTOTE MUTAIOIIETO HAMIPSHKEHHUsI, TPeOyromast
JUIsl TMTaHus peoOpazoBarens yacToTs! [14.

Pacuer 3HepreTuyeckux COOTHOLIeHUMH. PacueTHas cxema 3aMeIIeHus] CUCTEMBI ISl OTHOHN (ha3bl
(mpu cOanaHcUpOBaHHOW HArpy3Ke) MpUBEACHA Ha PUC.2

Y ~— . o
i .
o ic | c
— | o
Puc. 2

31ech aCHHXPOHHBIA TeHEpaTOp 3aMEIIeH UCTOYHUKOM DJC € ¢ MHAYKTHBHOCTHIO L, KOMIICHCATOP
HEAKTUBHOW MOIIIHOCTH MPEACTABICH KOHICHCATOPOM C BapbUPYyEMOUM BEIUYHMHOM €MKOCTH (TOKa), a
Harpy3ka 3aMEeHEHa MCTOYHHKOM TOKa i, B OOIIEM Cily4ae M3BECTHOM HECHHYCOWJAILHOU (QopMbl. 3amada
KOMIIEHCATOpa COCTOUT B CTa0WJIM3allMK HANPSDKEHUS U Ha Harpy3Ke NMPHW U3MEHEHHUH HArpy3Kd M 4acTOTHI
BpalllcHWsI Bajla AaCHHXPOHHOTO TEHepaTopa B 2 pasza, YTO THUIHAYHO [II CAMOJICTHBIX CHCTEM
AJIEKTPOCHAOXKEHUS U JIsl BETPOT'CHEPATOPOB.

Bce sHepreTuueckue pacyeTHble COOTHOLUEHUS IJIsl 3TOM CHCTEMBI MOJTYYUM MPSMBIMU METOAAMHU
pacdeta [5].

Ucxonnbie nuddepeHnmranbHple ypaBHEHUS CUCTEMbI HMEIOT BUJT

e—Lﬂzu

dt (1)
l—Cd—u= »

dt
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Otcrona nonyuaem audGepeHnnaibHOe YpaBHEHHE IS HAPSOKCHUS ¢ HArPy3KU
C—+—=—
a2 L L dt )

3amaueil peryaupoBaHusi KOMIIEHCaTopa HeakTuBHON MorHocTn KHM siBnsiercst crabunuzanus Ha-
MPSDKEHUST Ha HArpys3ke, IMOATOMY MOJIYy4YuM U3 (2) BBIpaXEHHUE IS JICHCTBYIOIErO 3HAYCHHUS ITOTO
HaANPsDKEHMsI, CYMTas Ha ITIEPBOM DTalle pacueTa BCE MPOIECCHl CHHYCOWJAIbHBIMUA. B COOTBETCTBHM C
nporexypoit anredpaunsanuu ypasuenus (2) B metone AJ[Y(1) [5] momydaeM BeIpaK€HUE B OTHOCHUTEITHHBIX
SJIMHULIAX JIUISl ICHCTBYIOIIETO 3HAUCHUS IIEPBOM rapMOHUKHU HANPSDKEHUS HA HArpy3Ke, MPUHSB 3a 0a30BbIe
BEJIMYMHBI HOMHUHAIBHOE 3HaU€HHE HAIpPsOKEHUS OOPTOBOW CEeTH )V, HOMHUHANBHBIM TOK MOTpEeOUTENs [y,
HOMHHAJIBHBIN MOZYJIb CONPOTHBIIEHUS TTOTPEOUTES:

z,=v,/1, (3)
O003Ha4as Bce OTHOCHUTEIbHBIE BEIIMYMHBI 3BE3/I0YKOHN Y TIepEMEHHOMH, T.€.:
E =EIV, .V =VIV,,Xe=1/C-Z,), X, =0-L/Z,
YpaBHEHHUE /115 HAPSHKEHUS CETH MTPUMET CIISY IO BHT

2 .
du u _e di, 2)

. X, vo E v 2E I -sin
P -(1-28) = (X [ + (1) -2 2 Sy )

XL XL XL

HeobOxomnmo HalTH 3aBUCUMOCTD XC*, a 3HAYNT U TOKA KOMIIEHCATOpa IK*

IL=1,/1,=V"/X.=1/X_, upu V" =1

OT BapBUPYEMBIX TAapaMeTpoB cucTeMbl E 1., X, ,siny. JIaa 5Toro mpumamum ypasHeHuio (4) dopmy

sty

KBaJIpATHOTO YPAaBHEHUSI OTHOCHTEIHHO MCKOMOM ITepeMEHHO:

(Xe)?—4-X+B=0 5)
I'me A u BecooretcTByronye kodpuimeHTs ypaBHEHUS:
e 2X; (")’ (6)
1 e, -2t iy x;
XL XL
B= X v o
0 1 Er e,y 2 I ing x]
X L
Ero peuenue:
s oA [ A4,
Xo =24+ |3>)?*-B 8
c=7H3) ®)

* v
OOpaTtHast BemMurMHA X  OMpenessieT OTHOCHTEIBHBIH TOK KOMIIEHCATOpa M OTHOCHTEIHHYIO
MIOJIHYIO MOIIHOCTh KOMIIEHCATOPA, T. K.

Ii=1./1,=V, oL/l,=1/X¢npu V=V,,S =V, -I,=1,

o * * * *

Ha puc. 3 moctpoens! rpaduku 3aBucumocteid Xe u [, ot E npu AByX 3Ha4eHUsX X, , paBHbiM 0.25
1 0.5 9TO COOTBETCTBYET UETHIPEXKPATHBIM M ABYKpPAaTHBIM TOKaM KOPOTKOI'O 3aMbIKaHMs T'€HepaTopa, a Ha
pHc. 4 — 3aBUCHMOCTH 3THX K€ IIEPEMEHHBIX OT TOKa HAarpy3KH MpUsiny = 0.6

(Ha puc. 3 u puc. 4 mycThle MapKephl — TIEPBUYHAS OCh Y, 3aIMIOJIHEHHBIE MapKePhl — BTOPUIHAS OCh

3 I 3 18 - | 06
% 025 05 | % 3 " I
=1 I [F) = 02_
i 25 25, w15 M 05 4
: / %, : \ [ %

=l =) g o
&

& / 025 E = 0 s 5
5 15 15 = g @ 2
. fad <8 2 9 03 B
Z ) Z =
= [=] (=] (=]
w 1 4 1 S » 6 02 =
= = o 0 e
[u_: =] o} 0.5 o
2 e 5 -3 =
% 0.3 0.3 E 3 3 5 01
M H 0.

0 o 0 : — 0

=1
I

05 06 07 08 02 1 11

0 01 020304050607 08095 1 11
Hanpazenue redepatopa B*

Tox garpyskn Ig™*

Puc. 3 Puc. 4
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Taxum 06pa3zom, HauOobIIAs T10JIHAS MOIHOCTH KOMIIEHCATOPaA OPH BBIOOpE V) =E. =1 H

max
Pery/IMpOBaHHH 3/IC FeHEPATOPa BHU3 B 2 pasa, KAk BHIHO 3 rpaduka pasHa S, = 2.38.
YpaBHeHUe 1T TOKa TeHepaTopa Takke moryanm u3 (1):
2, . .
E_FL:l.k_F L (9)
dt? LC L dt LC
Hns  pemienuss 3ToM  3amaum  Bocmoib3dyemcs wMetogoM  AJ[Y ¢ mpumeHeHHMeM  MeToaa
MIPOCTPAHCTBEHHOTO COCTOSHUS. B pamMKax 3TOro MeToa, oIy InM:

[a

-[p
10 0 wC Va| [
0 1 -—wC 0],

Hanee noxyunm popmyity s HAXOKASHUS TOKA TeHepaTopa:

2 2

x 1 1

) e a0
1-w*LC 1-wLC

Ha puc. 5 u puc. 6 moctpoeHsl rpaduku 3aBUCUMOCTH TOKa aCHHXPOHHOTO T€HEPaTOpa OT J/IC
reHepaTopa (CKOpPOCTH ero Baja) M TOKa MOTPeOHTEs TakKe /Ut AByX 3Hauennii Xo = 0,25 u 0,5. IIpu 5Tom
3HageHus Xo B opMyIie GpaIich U3 COOTBETCTBYIONINX TpaduKoB 1ist Xo Ha puc. 3.

(Ha puc. 5 mycTtble MapKepbl — IepBUYHAs OCh Y, 3alI0JIHEHHBIE MapKephl — BTOPHYHAsI OCh Y).

3 18

5 ‘ 25 b 16
£, 025 g £ 18
[ k) =]
T IS : g : 14:
g s —~ R\E 15 B & s
i 0.25 & z 0
: 2 \\Q,.___ E E % a6
& 05 & E pa

* : 0.5 g 0,2

0 o 0

04 0,6 08 1 1,2 o 02 04 08 03 1 12
! , , ;i 2
Hanpmrenue renepatopa E* Tow marpysicn Iu
Puc. 5 Puc. 6
3I[eCL XKE (pI/IC. 5) NOCTPOCHA 3aBUCUMOCTD IJIA MMOJTHOM MOIIMHOCTH I'€HEPATOpPa, BEIYHUCIIICMAasd KaK:

* * *
S =E -1 (11)
3
Kax BugHO 13 rpaduka Ha puc.5, HaubOIBITast MOIITHOCTE TeHEpaTopa cocTaBisaeT S =2.42.
[lpu Hanmumu B moTpeOUTENe MCTOYHHWKA BBICIIMX T'apPMOHHMK TOKa HampspDKeHUe OOpTOBOM ceTH
nckazutbes. [loaToMmy HEOOXOAUMO OLEHUTH KOA((MUIIMEHT FapMOHHUK HAMPSHKCHUS CETH, YTO BBITIOJTHHMO

MeTonoM AJIY2 pacuera mo BeICHIMM rapMOHHMKaM [5]. Cxema 3amernieHuss OOPTOBOM CHCTEMbl FeHEpALUH
I10 BBICUIMM I'apMOHMKAM IPEACTaBICHA Ha puc. 7.

—.%NYY\ $—— T - - - - - 0]
’ -
Ic
lC
iH U
— | 0

Puc. 7
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Juddepennmanboe ypaBHeHHE ISl HAIPSHKEHUS BHICIIMX FAPMOHUK UMEET BU:
du 1 - .
Cf"'z' 62 = lygo (12)
IToctpoum pemieHue 11t Ko3((uIMeHTa rapMOHUK HANPSDKEHUsI CETH B PaMKax BTOPOIO YPOBHS
nomymennit B metoge AJIY1 mist moBeimeHust TounocTr pemenus. [lponnrerpupyem ypasuenne (12) nsa
pasa, NOJYUYCHHYIO CUCTEMY MHTErpalibHbIX ypaBHEHUH anredpausupyem metogoM AJ[Y?2 u pemnm cuctemy
*

anreOpanydecKkuX ypaBHEHUH OTHOCHUTEIBHO Vi, .

Ug, +L';62 = i'iuez (13)
LC C

;&’ +71 ';lez :l';HSZ (14)
LC c "

B utore BhIIEyNOMSIHYThIX IPEOOPA30BAHUIL [TOTyYaeM:
2
V.

8.

2 « . o= X
262 = (Xp Loy - Kom)? =2-26
v c o (X’

[To 3TOMy OTHOIIIEHHIO HA PUC. § MOCTPOCHBI 3aBUCUMOCTH KOA(PDUIIMEHTAa TAPMOHUK HATPSIKCHHUS
*
OT OTHOCHUTEIBLHOTO 3HAUCHUS X .

K=

.(]:(1) .?m)z (15)

0,2

Kosddgunuenr rapmonnk Kz

Q 3 2 3

EnmxoctHOE conpotnenenne Xc*

Puc. 8
Jnana3on u3MeHeHus K03 (uIneHTa rapMOHKUK OIPEIEIACTCS 110 TpaduKaM puc. 3, TPH IBYX 3Ha-

aenmsx X, - 0.25 (kBaapatHslit Mapkep) u 0.5 (kpyribiii Mapkep), 3HaueHust K ., = 0.05 1 K ., =0.01 B3sThHI
JUIE TOKa HEYIMpPaBIsIeMOTO BBIMPSAMHTENST MO Tpex(a3Hoil MOCTOBOH cxeme [7] mpW Jojie 3TOro TOKa
L) =0.3 1 0.5 ot 0611Iero TOKa MOTpeOHTENS.

BuiBoabI

[TonHast MOIIHOCTH KOMIIEHCATOPA W IOJIHAS MOIIHOCTb I'€HEpPATOpa, IPH YETBIPEXKPATHOM TOKE
KOPOTKOTO 3aMbIKaHUsl , KaK BHJHO M3 pUC. 3 U puc. 4 (BTOpHUHbIe OCH Y — 3allOJHEHHBIH Mapkep),
cocTaBisiioT S, =2.38 1 S =2.42 cooTBeTcTBeHHO. [T0JIHAS MOIIHOCTH KOMIIEHCATOPA MPH TEX e YCIOBHAX
IPH  WCTONB30BAHAN CHHXPOHHOTO reHepatopa (CI) cocrasmser S, =4.7, a mommas wmommuocts CI
cocrasmster S =5.35 [1].

KauecTBO amexkrposneprun Bo BceM auanazone Ha ypoHe ['OCT, ouenuBaemoe K03 GHULINEHTOM
HCKaXCHMS HAINPSDKCHUsT OOPTOBOM CEeTH, HE MOXeT ObITh obOecriedeHo 0e3 (uibTpa, YTO CIACAYEeT H3
rpaukoB (puc. 4). JIpyroii nyts odecrieuenus IMC HEeTMHEWHOro MOTPeOUTelIs (HeyPaBIsieMOrO BBIIPS-
MUTEJS) CBS3aH C MCIIOJIb30BAHUEM AKTHBHOT'O BBIIPSAMUTENS] y HOTPEOUTENS, UMEIOLIEr0 HMPaKTHYECKH
CHHYCOMIaJIbHBIN BXOIHOH TOK [7].
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STAND-ALONG SYSTEM OF ELECTROSUPPLY ON THE BASIS OF THE INDUCTION
GENERATOR AND CURRENT COMPENSATOR
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The possibility of building an aircraft power supply system based on an asynchronous generator
investigated. One of the key features of this system is usage of a current source inverter (CSI) for induction
machine self-excitation. Besides, induction machine output voltage stabilization is achieved at variable shaft
speed operating conditions. Moreover, generator output voltage distortion is compensated in case of non-
linear or unbalanced loads. As the power converter a current source inverter is used. This allows one not to
use dc-link capacitor which has well known limitations. A mathematical model of the system is proposed. In
order to obtain power quality indices the algebraization of the differential equations method (ADE) is used.
The results of analytical calculations are presented.

Keywords: Stand-along system, Induction Generator, Reactive power compensator, Current source
inverter
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qZS-BASED SOFT-SWITCHING DC/DC CONVERTER
WITH A SERIES RESONANT LC CIRCUIT

This paper discusses further modifications of the recent popular qZS-based DC/DC converter design by
the introduction of the resonant LC circuit in series to the primary winding of the isolation transformer. The
primary aim is to achieve the zero voltage and zero current switching of transistors. As an additional benefit
of the resonant LC circuit, the converter is able to perform the voltage buck function simply by changing the
switching frequency of the transistors. The control principle of the converter and its main operating modes
are explained. The theoretical assumptions are experimentally verified by help of the small-scale testbench
of the converter.

Keywords: qZS-based DC/DC converter, series resonant DC/DC converter, soft switching,

3anpononosana moougixayis cxemu Keasi-imnedancnoco DC/DC  nepemeoprosaua  uiisixom
nOCi006H020 6KIMI0UeHHsT pe3onanchol LC-nanku ma nepeunHol 0OMomKu 30110104020 MpPancoopmamopa.
Lle 0o36015€ Oocsemu KoMymayii mpan3ucmopis npu HyIbO8OMY CMPYMI ma HY1bosit Hanpysi. /[o
0ooamxosux nepesae sanpononosanoi cxemu DC/DC nepemsopiosaua modcna eiomecmu 30amuicmy
NOHUDICYBAMU  HANPY2Y WAIAXOM 3MIHU Yacmomu Komymayii mpansucmopie. Posensnymuii npunyun
KepyeanHsi nepemeopiosaueM ma U020 OCHOGHI pedcumu pobomu. 3anpononosami 2cinomesu Oyau
eKCnepuUMeHmanbHo Ni0MeepONHCceti 3a 00NOMO2010 eKCNEPUMEHMATbHO20 MAKem) .

Knrouesvre cnosa: «rsasi-iuneoancrnuti DC/DC  nepemeopiosau, DC/DC  nepemeopiosau 3
ROCTIO06HOIO PE3OHANHCHOIO JIAHKOIO, M SIKA KOMYMAayist

Introduction

The quasi-Z-source (qZS) based DC/DC converter is a novel approach to the galvanically isolated
step-up DC/DC converters [1, 2]. Thanks to the qZS-network at the input side, the converter features such
important benefits as continuous input current, shoot-through immunity, low inrush current during start-up,
and wide regulation freedom of the inverter (integrated buck-boost functionality). Due to its properties, the
converter is especially suitable as a power conditioner for renewable energy sources.

Further modification of the qZS-based DC/DC converter is analyzed here. The new topology was
derived simply by adding the resonant LC circuit in series with the primary winding of the isolation
transformer (Fig. la). As in a baseline topology, the output voltage is controlled by the variation of the
shoot-through duty cycle, which could be realized in different ways [3]. In our case the shoot-through states
are created by the overlap of active states, as shown in Fig. 1b. It is remarkable that the inverter operates
without dead time and the duty cycle of active states of transistors is greater than or equal to 0.5. If the active
state duty cycle is greater than 0.5, overlapping occurs and the shoot-through states will be created. During
this operating mode the current through the inverter switches reaches its maximum, the voltage across the
inverter bridge (Upc) and, consequently, the voltage of the primary winding of the isolation transformer (Usz,)
drops to zero. The operating period of the isolation transformer in this control method consists of a shoot-
through state zyand an active state #,:

t t
?A+?S=DA+DS=1, (1)
T=t,+t,. (2)

where D, and Dj are the duty cycles of an active and a shoot-through state, correspondingly. As Eq.
(1) and Fig. 15 show, the duty cycle of the active state will vary with the variation of the shoot-through duty
cycle. It approaches its maximum in the non-shoot-through mode, when the input voltage is high enough and
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