CunoBas anekrtpoHuka, Ne 2’2019

MuoroypoBHeBble
npeo6pa3oBarTeny:

CXeMbl, 0COOEHHOCTI NPUMEHEHNS,
anropuTMbl ynpasneHuna. Hactb 2

Caupg Masen
(Seyed Saeed Fazel)

MepeBoa n KOMMeEHTapun:
Anppein Konnakos

Andrey.Kolpakov@semikron.com

MNcTouHukun nuraHusa

Marepuan npogonkaer LMK cTaTteil, Ha4aTblii B xypHane «CunoBasa 3neKTpoHuKa»
Ne 1°2019. B nepBoii 4YacTi ctatby paccMaTpuBasnNCb OCHOBHbIE TOMOJIOrMN
cpeaHesonbToBbIX (MV) npeo6pasoBatenein, a Tak)xe 0C06eHHOCTV CUIOBbIX
NnosynpoBOAHUKOBLIX Kilovel, npeaHa3HaveHHbiXx ana MV-npumeHenni.

KDMM\]TaI.II/IDHHbIe COCTOAAHMA

B TpexypOBHEBOM HHBEPTOpE [[Ba U3 UETHIPEX TPAH-
3UCTOPOB B (Pa3HOI CTOIKE OTKPHITHI B TI0O0I MOMEHT
Bpemenu. COOTBETCTBEHHO, KKIBIi (has3HbII BBIXOT (a,
6 WK B) MOKeT OBITh IIOAKIIOUEH K JII060i Touke GaHKa
KOHIeHcaTopos (M, M,, M,). Takxum o6pasom, 1ucio
COCTOSIHHII KOHBEpTepa:

n,, = NPh=33 =27

rae N — KolIn4ecTBO ypOBHEN HaNpshKeHUS B 3BeHe
IOCTOSIHHOTO TOKa, ph — uucio ¢as. [Togxmodenue
a-¢asel K 1ensam M, 1 M, MoykeT OBITh BBIIOIHEHO ITy-
TeM KOMMYTAIu# TpaH3ucTopos 1), u T,,. DTH cocTos-
HIS, KaK ¥ B JBYXyPOBHEBOM HHBepTOpe, (GOpMHUpPYIOT
¢asnoe Hanpskenue Uy, = Uy/2 wmn Uy, = U, /2
(mpennomaraercss, uto U, = Uy = U, /2). Tlopxmouerne
K L[eIX M, BBIIIOJIHSETCS € IOMOIIBIO OTKpbIBaHus T,
u sanupanus T,,. 3necy obo3navenus 1), u T,, UCIIONb-
3YIOTCSI JUISL HIeHTU(UKAIIIY TPAH3UCTOPOB, a TakKe
noruku yupasiaenus (1 = on, 0 = off).

ITOCKOJIbKY TPAaH3UCTOPLI BCETAa MePEKITIOUai0TCs
HONAPHO, KOMIUIEMEHTapHbIe KIIOIK 0003HATEHBI, CO-

orBercTBeHHO, 1°,, u 1%, ,. I3 puc. 11 mepBoii 4acTu cTa-
THY BUJHO, YTO B TAKOM KOMMYTAaIlUOHHOM COCTOSIHUK
TOK a-(paskl iy, , 6yIieT IPOXOAUTS Tepes inof D, ,, ecnu
OH OTPHIATeIBHBIN, IIH Yepe3 Aoz D, ,, eCITi TOK IOJI0-
JKUTeIbHBIN. [1010)KeHns Kitouei Ui Tpex BO3MOKHBIX
COCTOSIHMI K0l (passl mpuBeneHs! B Tabuile 1.
ITpoxosKeHue OJ0KUTEIbHBIX U OTPHIIATEIbHBIX
(asoBbIX TOKOB i, I0KasaHo Ha puc. 1. B nyesom co-
CTOSIHUH HalpaBJIeHHE i), ONPeNeNIsieT, KaKas U3 Heli-
TpaJIeil UCIOIb3YeTCsl (BePXHSIS WIIH HIDKHSIS), HOITOMY
B cocrostHun «0» 06a ki049a S, 1 S’,, TOIKHBI OBITH
OTKPBITHI, YTOOBI 00eCreduTh peBepc pasHoOTO TOKA.
B 1:060M KOMMYTAI[HOHHOM COCTOSIHHHU JIBa I1OCIIe-
TOBAaTEJILHBIX ITOJYIPOBOJHUKOBBIX 9JIEMEHTA JIeXKAT
BHYTPHU TOKOBOTO ITyTH, 3TO MOTYT OBITh /1Ba aKTUBHBIX
KJII09a WM IBA JUOMA JJIS MOJIOKUTEIBHOTO B OTPH-
L[ATEJILHOIO COCTOSAHUSA («+» 1 «—»). MaKkcuManbHbII

Ta6nuua 1. MonoxeHus kntoyen opHoi hasbl SL-NPC
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Puc. 1. Mytn Tokos B 3L-NPC

CocrosHne Six Sux S S'ax
Monoxurenshoe «+» (U y; =+Uy./2) 1 1 0 0
Heitrpanstoe «0» (U, =0) 1 0 0 1
Orpuyarensioe «—» (U, ==Uy./2) 0 0 1 1
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2
Y
<
>

54

WWWwW.power-e.ru



Ta6nuua 2. MNMotepu nposoarmocTy 3L-NPC

CunoBas anektpoHuka, Ne 2’2019

Cocrosnne Tix Dy Tox Drpe  Tix  D'mx T D Dy D,

Monoxwurenshas ¢pasa Toka

«t» X X

«0» x x

«=» X X
OrtpuuarenbHas ¢pasa Toka

«ty X X

«0» x x

«=» X X

Ta6nuua 3. MoTepu nepeknioyerus 3L-NPC

CocrosiHue

MonoxurensHas dpasa Toka

+o0 X

0o - x

OrpuuarensHas pasa Toka

+60

0o-

TOK KJIF0Ya/IIMOfIa COBIIAAAET C MAKCHMAJIbHBIM
TOKOM (pasbl i ,i» COOTBETCTBEHHO, 3TOT MapameTp
SIBJIIETCS] UCXOTHBIM IIPU BBIOOpE THIIA TPAaH3H-
cropa. Paciipesiesienne nmorepb IpoBOAMMOCTH
[I0Ka3aHo B Tabymie 2.

JluHaMIYecKye OTepH CO3NAIOTCS IPH Iepe-
KJII0YeHUHN TPAH3UCTOPOB. [IJIS OJI0KUTEIBHOTO
(asnoro Toxa iy, >0 KOMMYTalUsA OT «+» K «—»
(+ > 0 — —) Ha3bIBAETCS «IPUHYAUTEIBHOL».
B oTimame oT Hee «ecTeCTBeHHAs» KOMMYTAIUS
(=—>0 — +) co3maer MOIOKUTENHHBII IPATUEHT
BBIXOJHOU MOLTHOCTH.

[lst mocienyromiero 06CyXXaeHUs IPeaIo-
JIaraeTcst MOJLOKUTeNbHBII (PasHbLH TOK iy, > 0.
PaccmaTpuBaoTcs TOIBKO IOTEPH BKIIOYEHHSA
U BBIKJIIOYEHH s AKTUBHBIX KITIOUel 1 IOTePU BOC-
CTAHOBJICHMS TNUOI0B. (DOpMI/IpOBaHI/Ie IIOJIOXKHU -
TesbHOro hasHoro Toxa iy, >0 (+ — 0) Haun-
HaeTcs C BBIKIOUeHus 1, TOK poxonut ot T,
K D,,. Ilociie okOH9aHUA «MEPTBOTO» BpeMEHHI
(korma T,, rapaHTUPOBAHHO 3aKpHIT) T”,, BKIIIO-
qaeTcs, TpaH3ucTop I, OTKpPBIT, 1”;, 3aKPHIT.
B mponecce KOMMyTaL[I/II/I y‘{aCTBYIOT TOJIBKO JIBA
kimova u guona: T, 1 D,,. OCHOBHBIE TIOTEPH BbI-
Kmovenus cosnaer T, Hecmorps Ha To, uto 17,
BKJIIOYEH, OH He PACCEUBAET MOIIIHOCTb, II0CKOJIb-
Ky He ITPOBOJIUT TOK ITOCJIe KOMMYTAIlH.

B peBepcuoM pesxume (0— +) Bce mpoIrecch
unyT B obparHOM nopsiake. CHavasa BIKITIOYa-
ercs T’,,, a 3aTeM TIOCIIE «<MEPTBOTO» BPEMEHN —
T,,. broxuposka 1°,, He BiusieT Ha (asHBLI TOK,
KOTOPBII BO3BPAILIAETCA K IOJIOKUTENIBHOM IINHE
nocie Bkmodenns 1,,. IloTepu BoccTaHOBIeHHA
renepupyorcs B D,,, a motepu Brrodenus — B T,
JlaHHBIi IIpOLiecC IOKa3aH Ha pHC. 2a, I7ie Iy Th TOKa
AKTUBHOT'O KJII0Ya OTMeYeH JKUPHOU JINHUEN, a Iac-
CHBHOTI'O KJII0Ya — IIyHKTUPHOM TMHUEM.

Tenepupylomue HOTepy IPUOOPHI BbIeTIe-
HBI OKPY’KHOCTSAMH. YeThIpe KJII0Ya yIacTBYIOT
B 11porecce KommyTaruu (0 — —, puc. 26). On Ha-
YHNHACTCA C aKTUBHOTO BBIKJIIOUYCHU A Tlx’ Korma
TOK Hanpasistercs gepe3 D, u T, k D'y it D'y
Tpausucrop 1°,, y>ke OTKpbIT; 1°), BKIIIOYIAETCS
0CJIe «<MEPTBOrO» BpeMeHu. [ToTepu BKIIOYeHsI
TeHepupyIoTcsa B T),.

Xorts guon D,,, mocaenoBaTeabHbIlN ¢ 1),
TaKKe BBIKJIIOYAETCs, OH He CO3/aeT 3aMEeTHBIX

HOTEPb BOCCTAHOBJICHNUS, TIOCKOIBKY K HEMY
He IIPUKJI[IbIBACTCS HALIPSDKEHHE II0CJIe KOMMY-
Taluu. AHAJOTMIHO IIPH peBepce ToKa (— — 0)
BCe IIPOUCXOAUT B 06parHOM mopsiaxe: 17, 3a-
KPHIT, T, BKIIIOYAETCSI [IOCITE <MEPTBOTO» BpeMe-
Hu. ITocre ero oTrmpanus GasHeIT TOK KOMMY -
tupyercs ¢ D’py, i D', 06patHo k Dy, 1 T),. O6a
HOC/Ie[OBATeIbHBIX 1u0na D'y, ¥ D'y, BBIKIIIO-
YeHBI, HO TOJbKO D'p;, 6eper Ha cebst oO6paTHOE
Hanpsokerue. Takum 06pasom, D', reHepupyer
IOTEePH BOCCTAHOBIIEHHs, 1), — IOTePH BKIIIO-
wenus (puc. 26). [Iporecc KOMMyTaIuu Ipu OT-
punaTeabHOM (asHOM TOKe IPOMJLTIOCTPUPO-

McTouHnkn nutaHuvna

BaH Ha 2B, I. Pacnipenenenne KoMMyTallHOHHBIX
HOTepPh NpefCTaBIeHo B Tabmuie 3. OTMeTnM,
yr0 Bce nporeccsl NPC VSC MoxHO 00Bsic-
HUTH Ha IIpuMepe 6a30BOI STEHKH, COCTOSIIEN
U3 OJIHOTO aKTUBHOT'O KJII0Ya U OIHOTO IO/,

LleHTpupoBaHHas
cuHycompaanbHas MoAYNAUNs

OnopHoe HampsDKeHHe, HeOOXOMUMOe st
dopmupoBanus cbanaHcupoBaHHOTO Tpexdas-
Horo BeixoziHOro IIIMM-curnaa, mpecraBieHO
CIIeMIYIOIINM BBIpAKEHUEM:

*

U ()=U.,,, [Sin(wlt ) +%Sin(3wlf )},

U,,,, — THKOBOE 3HaUeHHE OCHOBHOI rapMo-
HUKHJ OMOPHOTO HampspkeHus. [lns dopmu-
POBAHUS YIPABISIOINX HMITYIbCOB IBa Tpe-
yrompubix curuana Uy, @ Uy, CPABHIBAIOT-
51 C TpeMsI CHHYCOUIAMU, CABIHYTHIMU 110 (ase
Ha 120°, KaK OKa3aHO Ha puc. 3a (st me= 15).
Jliist ynpaBiieHus KI0YaMy HCIIOIb3YeTCs Cie-

IYIOLIUH aJITOPUTM:

U > Utri,up (SZX =on, Slx = Oﬂ) - UxMI = Udsz

U< Upi o (S5 =01, 8’ = 0ff) = Upyyy =-U, /2

con,x tri,low (

Wnade U,,;; = 0(x = a,b,¢).

[TonokKTeIbHAS TTOTYBOJIHA CUHYCOU/IBI Pop-
MHPYeTCsI ePEKII0UYeHNEM COOTBETCTBYIOIIEH
(basHOI CTOMKY MEXIY MOTOKUTETBHBIM «+»
1 HyJIeBBIM «0» COCTOSIHUEM, @ OTPUIIaTeIbHas
II0JTyBOJIHA — IIePEKIIOYeHIEeM MEKIy HYJIeBBIM

[a]

B,T) OnA 0TpULaTeNbHOr 0 TOKa Harpyskun

Puc. 2. KommyTauws v notepu nepexntoyermns 3L-NPC VSC: a, 6) ans nonoXxunTensHoro Toka Harpyaku;

6]

Udc
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90°

180°

270°

(a]

360°

Puc. 3. 3niopel curHanos 3L-NPC VSC: a) HanpsxeHue ynpasneris Uy, ,, ONOPHbIE TDEYronbHbIE CUrHambI
Utrigp ¥ Usrijous 6) MMMYNChI yipaBReHus B (haae a; 8) (ha3Hoe BbIXORHOE HANpAXeHue Uyyq; 1) nuHeinHoe
BbIXOAHOE Hanpsxerme U, A) cuHdasHoe Hanpsixerve Uy

Vi 0(1

me= 15, m,= 1.15

AMMAUTYAE rapMOHUKM

m=15m,=1.15

AmMnnnTyaa rapMOoHVKM
(p.u.)

107

6) nHeHoe BbIXOAHOE HaNpAXeHne

i
Mopsifok rapMoHWKK

3m

Puc. 4. MapmoHuyeckini cnektp 3L-NPC VSC: a) hasHoe BbIXOAHOE HaNpsXeHNe;
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«0» 1 OTPUIATEIBHBIM «—» COCTOsTHUEM. CpemHsis
9acTOTa KOMMYTAITHH IPHOOpa paBHA TIONTOBUHE
JaCTOTHI HeCyIIell, HaOII01aeMO¥t Ha BBIXOJIE.

Hmnynbcel ynpasiaenus sarsopamu IGBT
B (hase «a» IOKa3aHbI Ha PUC. 36, BHIXOJHbIC
curzaiel Tpexdasnoro 3L-NPC — Ha puc. 3B, I.
JIuHefiHble BHIXOHBIE HAPSLKEHUS TPEXYPOBHE-
BOTO KOHBEPTEPa, HapuMep

Uab :UaMl - Ule’

COCTOSAIT U3 T1s1TH ypoBHeit: +U,, +Uy/2,0,-U,/2,
-U,. (puc. 3r).

AMIIIATY A TXHEHHOTO HAIPSDKEeHUS JOCTH-
raer £ U, IpPOMeXyTOIHbIE YPOBHH GOPMUPY-
I0TCSI TyTeM COeTMHeHUs (a3bl ¢ HeMTPaIbIo
M,. CpaBHeHUe JIHHEHHBIX CUTHAIOB Ha PHUC. 3T
C AHAJIOTHYHBIMU KPUBBIMHU B IBYXYPOBHEBOM
peob6pa3oBarese pacKpbIBaeT IPEHMYIIIeCTBa
cxembl 3L-NPC. Ilepenansr 1THHEHHOTO Ha-
npsokerust (U,/2) 3mech B 1Ba pa3a MeHbIIIE,
1eM B IBYXypoBHeBOM KoHBepTepe (U,.), co-
OTBETCTBEHHO, YMEHBIIAIOTCS AUHAMUIECKHe
HOTEpU.

CuHdasHas cocTapisiontas GpasHoro Hamps-
JKEHHS MEXKIY Y3JIOM «71» COeIUHEHHOM 3Be3I01
HArpy3KH 1 HeTpasibio M, KouBeprepa (puc. 31)
BBIYUCIISICTCA KaK:

Ut =153(Uapn + Uppny +Uap1)-
DazHoe HalpspKeHUe Ha puc. 3B:
Uan :UaMl - Uan'

JIuHeHbIA CUTHAJI COTEPKUT JIEBATH YPOBHEH:
+2U,/3,xU,/2,+U,;/3,+U,/6 1 0.

CundasHoe HaIpspKeHHe IPIHIMAET YPOBHH
+U,/2, +U,;/3, +U,;/6, ofHAKO OHO OCTHUTAET
MaKCUMyMa IIPU COeNNHEHNHN BCex Tpex ¢as ¢ mo-
JIOKUATENbHOM MIU OTPHUIATEIbHOM IIIMHOM 1~
TaHusL. HedeTHble rapMOHUKY B (Da3HOM CHTHaJIe
LEHTPUPOBAHBI BOKPYT 9aCTOThI IIEPEKITIOIEHU
U ee KPaTHBIX (mf, 2my, 3mf,...), KaK IOKa3aHO
Ha puc. 4a. Hexoropble JoMuHUpYIOIE FaPMO-
HUKHY IIOJIaBJIAIOTCA B IUHEHHOM HalPKEeHUH

(U, Upen U, puc. 46).

Oco6eHHOoCTY ynpaBieHns
3L-koHBepTepa

lMpumevanue: B aTom pasgene ans
ynpoujeHus Mbl 6yAemM nosb30BaTbCcA
Mo3MYNOHHBIMU 0603Ha4YEHUAMMN
3/1eMeHTOB, NoKa3aHHbIMU Ha puc. 6, 7.
AnropuTMBI ypaBieHus 3L-cxeMoii CloxKHee,
4eM y 00BIYHOTO IBYXYPOBHEBOTO IIpeo6paso-
BaTess, B KOTOPOM BepxHUH 1 HxkHUHA IGBT
B CTOMKe BCerfia BKII0YAIOTCS NHBEPCHO. 3/1eCh
IJIATeIBHOCTD OTKPBITOTO COCTOSTHUS OTIpeliesIeH~
ubix Kmodeit (T2 u T3) 3aBucur ot cos @ (BIIoTh
II0 TIOJTYIIEPHO/Ia, KOT/Ia COS @ = 1), a KOJIIMIeCTBO
BO3MOJKHBIX COCTOSIHUI B 3TOM CITydae yBeJIn-
gyuBaeTcs Jo 16. HekoTopele 13 HUX ABIAIOTCA
TOIIy CTUMBIMH, HEKOTOPbIE — OIIACHBIMH, a PSTL
COCTOSIHH MOXKET IIPUBECTH K OTKa3y KIIOUeit
(Tab. 4).
JlorrycTIMEBIe COCTOSTHNS:
e Bce IGBT 3aKpbIThI, KOHBEpTEp BLIKIIOUECH;
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e T2 nnu T3 BKIIIOYAIOTCS IO OTHOMY; Tabnuua 4. KommyTauyoHHble cocTosHua 3L-1HBepTopa
e 71Ba HemocpencTBeHHO coenrHeHHBIX [GBT oT1- m o o o 1 0| o 1 0 1 1 0 1 1 1 0 1
KPBITHL (TI/TZ, T2/T3, T3/T4) T2 0 1 0 1 1 0 0 0 0 0 1 1 1 0 1 1
HOTCHL{I/IaHBHO OITaCHBbIEC COCTOAHUS: 13 0 0 1 0 1 1 0 0 0 1 0 1 0 1 1 1
o T1 win T4 BIIIOYAIOTCS 110 OJHOMY WJIH BMeCTe;
T4 0 0 0 0 0 1 0 1 1 0 1 0 1 1 1 1
® BKJIIOYAIOTCS /IBA HEe CBSI3aHHBIX HEIIOCPe] -

ITocnencTBHs OT BOSHUKHOBEHHS 3TUX CO-
OBITHIT 3aBUCAT OT COCTOSHMS KJTIOYeH B IPYTHX
(asax.

JlecTpyKTUBHBIE COCTOSIHIUS:
® OTKPBIBAIOTCS TPH HEIIOCPENCTBEHHO COCIHU-

HenHbIX IGBT (T1/T2/T3 — 3ambIKkaHHe BepX-

Heit monoBuHbl DC-mmusl, T2/T3/T4 — 3a-

MbIKaHHe HIDKHel T010BHHB DC-IIHHBI);
® OTKPBLIBAIOTCS TPHU He CBSI3AHHBIX HEIOCPes-

crBerno IGBT (T1/T2/T4 — monuoe DC-

HalpspKeHue npukiazsBaercs K 13, T1/T3/T4 —

nonHoe DC- HanpspKeHHe PHUKIIaibIBaeTCs

xT2); V>0 V<0 V>0
e otkpbiBatoTcs Bee 4 IGBT — 3ampikanme DC+, 1>0 1<0 1>0
DC- u N-neneti. <o

Hanpspkenune V
Tok |

>
<
V<0
1>0
V>0
<0

KommyTauunoHHbIe LKbI 1
M NyTU NPOTEKAHNA TOKa @ @

®
©
®
©

Ha puc. 5 mOKa3aHbI 9MIOPHI CHHYCOMTATHHO-
TO HaIpsDKeHUs (KpacHast) U TOKa (CHHSA) mpu Puc. 5. Pabo4me 30Hbl HaNpsXeHWs 1 Toka
paboTe HHBEPTOpPA Ha HHAYKTUBHYIO HAaIPY3KYy.
Eciit cos @ = 1, TO TOK 1 HarpsoKeHue cuHbasHbl,
IIpY 9TOM aKTHBHBI pabodue 30HHI 1 1 3, ecu
cos ¢ =—1 (cdasossrit cxBur 180°), aKTUBHBIMEI
SBJISIIOTCS paboyre 30HbI 2 U 4.

B nuamasone cos ¢ oT —1 10 1 COOTBETCTBEHHO
MeHsieTcst Ga3oBBLi YTOJI, KOTOPBII OIIpefesseT
BPeMeHHbIe XapaKTePUCTHKU YeThIpeX pabodunx }

30H. KOMMYyTaIriOHHbIE COCTOSIHUSA U ITYTH IIPO- T2
TEKAHWSI TOKA JIJIS BCeX CIyIaeB MepedrCIeHbl
HIDKE: N o — 0 N o~ — -
1. Tok u Hanpsperne 6ostbire 0 (V> 0, 1> 0):
2L: TTOP<>DBOT; T3
3L: T1/T2 <> D5/T2 D6
(kopomxuti nymo KomMmymaryuiL). K N
2. Hampspkenue memblite, a TOK 6osbiire 0
(V<0,I>0):
2L: TTOP«<>DBOT; DC- DC-
3L: D5/T2 <> D3/D4 . -
(OnunHLil nymv KoMmymayuu). Puc. 6. Kopotkuit nyTb KOMMyTaLM
3. Tox u Hanpspkerue Menblie 0 (V< 0, I< 0):
2L: TBOT<>DTOP;
3L: T3/T4 < T3/D6
(kopomxutl nymv KoMmymayuu,).
4. Hanpsokerue 60blite, a TOK MeHbIire 0
(V>0,I<0):
2L: TBOT«<DTOP;
3L: T3/D6 <» D1/D2
(OnunHwLil nymo KoMMymayuL). T2 D2 T2 D2
Ecnu B «kopoTKOM» nuKIIe paboTaeT TOIBKO
OJIMH U3 IBYX aKTUBHBIX KJIrouelt (Harpumep, T1 N~ — - 4P No — -

<> D5), TOK 4epes Ipyrue aKTUBHBIE IIOJIYIIPOBOJ-

Vpc/2
Vpc/2

= T4 D4

HUKH He MeHsteTcst (Harpumep, T2). B «utnHHEOMY I e D3 3 e D3
nyTu (Hampumep, D5/T2 <> D3/D4) 6yner us- D6 D6
MEHSITLCS COCTOsIHIE 060ux Kiodeil. Tepmun «~ ™ «~ ™
«KOPOTKUH/ITUHHBIN IyThb», IO CYyTH, O3HA4aeT = 0

P A YTb», 1O CYTH, o = T4 D4 o = T4 D4
reoMeTPUIECKYIO IJIMHY IelH ITPOTeKaH!s TOKa. ) |
[Tpm 3TOM «KOpOTKasH» KOMMYTAIIUS IIPOMCXOIUT DC- DC—

. . . o—f o—

B BEpXHEH WM HIDKHEN NojaoBuHe 3L-croiikm,
a TOK «IYTMHHOM» IIeIH NPOTEKAET MEXIY BepX- Puc. 7. [InuHHbIN NyTb KOMMYTaLMM

HeH! U HWKHEN MOJIOBUHOM.
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KopoTkuit [UKJI KOMMyTanuu (puc. 6)
B BepXHeil 10JI0BUHE (a3bl (ONTYIIPOBOJIHIKA
1, 2 u 5) 3aMBIKaeTcst mexnay T1 u D5; Tok Teder
ot muHbl DC+ gepes T1 u T2 k AC-tepmunany,
noka TpaHaucrop T1 orkpsIiT. Korna oH 3akpbl-
BAETCSI, TOK [IEPEHAIIPABIISETCS B (PUKCHPY IO
oy D5; on Teder ot HefrTpanu depe3 D5 u T2
k AC-Bprxopy. [Ipu atom T2 OTKpPBIT OCTOSHHO
n BbIXOJIHOﬁ TOK IMEET IT0JIOKUTETIbHOE HAIIPpAB-
JIeHHe.

JInvHHAg Henb KOMMYTAallUH JJIS IIOJI0KHU-
TEJLHOTO BBIXOIHOIO TOKA (PHC. 7) 3aMbIKaeTCst
mesxny D5/T2 B BepxHe#t nosoBuHe croiiku u D3/
D4 B HUKHET TOJIOBUHE, TO €CTh IIPOXOIUT Yepe3
BCE KJIIOYN.

dJopMMpoaaHme nvnysibCcoB
ynpasineHvsa

Kax 651710 TOKa3aHO paHee, IPOCTEHIITAM CIIO-
co60M hOPMHUPOBAHUS IMITYIBCOB YIIPABICHHS
IGBT B rureue 3L-unBepTOpa ABNIAETCS CPAaBHEHHE
IBYX CHMMeTPUYHBIX (OTHOCHTeIbHO 0) omop-
HBIX TPEYTOJIbHBIX HAIIPSUKEHUI C CHHYCOUION
(puc. 8). Hanuprit npuHnun rereparun M-
curHana Hocut HasBauue PD (Phase Disposition).
B To BpeMs Kak «BHeNTHHE» TPaH3UCTOPHI T1
u T4 KOMMYTHDYIOT TOK B aKTHBHOI (ase,
«HyTpenHue» IGBT (T2, T3) MoryT HOCTOSIHHO
HAXOJUTbCA BO BKIIOYEHHOM COCTOSIHUM. B 3aBu-
CHUMOCTH OT YIJIa IIPOBOJAMMOCTH 9TO COCTOSTHUE
MOJKET IIPOMIOJIKATHCA BIIOTD 10 IOJYIePHO/a
cunycounsr (180°).

ITpu 3amycke 3L-uHBepTOpa, KOTZa BCE KITIOUN
3aKPBITBI, ONUH U3 «BHYTpeHHUX» IGBT Moxer
ObITh BKJIIOYEH HepBbIM (T2 1151 IOJI0KUTeNb-

CunoBas anexkTpoHuka, Ne 2°2019

HOTO BBIXOIHOTO curHaia). CIycTst KOpOTKHI
TIpOMeXKyTOK BpeMeHH (T2 IOIHOCThIO BKIIFOYEH )
UMITYJIbC yTIpaBiieHus nogaercs Ha T1. [ns BeI-
KJIIOYEHHs HCIIOJIb3yeTCs 00paTHast IOCie[0Ba-
TEJIbHOCTD, IPUYeM Iepesi OTKpbITHeM T2 Heo6-
XOUMO y6enuThCst, 9T0 T1 IIOTHOCTBIO 3aKPBIT.
DTO MOKeT 00eCIIeINBAThCsI BBIKIIOUeHnEeM 12
Ha KOPOTKOe Bpewmst (1-3 MKc) mocie mopatdn 3a-
MUPaIoIero curaana Ha T1.

Eciu «sryTpennue» IGBT (T2 mmu T3) 6ynyT
BBIKJIIOUEHBI PaHbIIlE, 94eM COOTBETCTBYIOIIUE
«HerrHue» (T1 win T4), TO OHU OK@XKYTCS HOJ
HONHBIM HanpspkeHHeM DC-munsl. [1pu Hemo-
CTAaTOYHOI OIOKUPYIOIIEN ClIOCOOHOCTHU TPaH3H-~
CTOPOB 3TO MOJKET IIPUBECTH K IIPO6OIO.

Kpome Toro, curuaisl, HogaBaeMble Ha 3a-
TBOpBI Tpan3uctopos T1 u T3 (T2 u T4 coot-
BETCTBEHHO), SIBJIOTCSI HHBepCHbIME. CxeMa
YIIpaBJIeHUS IOJDKHA FaPaHTHPOBATh BBIKIIIOUE-
Hue ogHoro IGBT mepen BxirtoueHreM BTOPOTO.
B rabauie 4 npuBeeHb KOMMYTallHOHHBIE CO-
CTOSIHUS, KOTOPBIE MOTYT BbI3BATh BBIXOJL TPAH-
3UCTOPOB U3 CTPOSL.

B Ki1accudieckoM IBYXypOBHEBOM HHBEPTOpE
TAKoKe CYIIeCTBYeT P COCTOSIHUM, KOITa CHIIO-
BBI€ TPAH3UCTOPHI JOJLKHBI OBITh HeMEITIeHHO
BBIKJIIOYCHBI:
® IIeperpes;
® IIeperpyska I10 TOKY;

e Kopotkoe 3aMmbIKaHue (K3) Harpysku (BbIXof,

TPaH3UCTOPOB U3 HACBILICHNS).

JTio60€e 13 9THX COOBITUI TOJDKHO OBITH TIpe-
JOTBpaIlleHo U B 3L-cxeme, 0JHAKO B HEll HY)KHO
COOJIIOATD OTIPee/IeHHYIO TOCIIE0BATEIBHOCTD
sanupanus IGBT. [TepBbIME TOJKHBI OTKIIIO-
qaThCsl «BHeIHUe» Tpansuctopst (T1 waum T4),

MNcTouHukun nuraHusa

1 TOJIBKO OTOM — «BHyTpeHHue» (T2 mum T3),
4YTO HEOOXONMMO IJIs UCKITIOYeHHUs npobos
TI0 HATIPSUKEHHIO.

ITeperpes mu MefiIeHHOE HapacTaHUeE TOKA Ha-
IPy3KU He TPeOYIOT MIHOBEHHOI PeaKIIUK CXeMBI
3aIIUTHI, OHU JIETeKTUPYIOTCS TePMOAATIIMKOM
1 TOKOBBIM CEHCOPOM M ITPeIOTBPAIIIAIOTCS YIIPAB-
JsroruM KoHTposutepoM. Tox K3, mpuBomsnit
k Boixony IGBT us Haceimenus (Desaturation),
IOJDKeH OBITh IIPEePBaH B TeUeHIe MeHee 6 MKC
111 TOHKOIUICHOYHBIX TPAaH3UCTOPOB, UTO SBJLS-
ercst QyHKIHeI fpaiiBepa 3aTBOpoB. Korja onun
n3 BHentHuX IGBT (T1 wiu T2) nepexogut B 1u-
HEMHBII PeKUM, ero He0OOXOIUMO OTKIOYUTD
MTI'HOBEHHO, a 4epe3 1—3 MKC cenyer 3aKphITh
1 BHyTpeHHMe TpaHaucTops (T3 u T4).

Peanusanus anropuT™a yCioKHAETCS, eCIu
13 HACBIIEHUS IePBBIMU BIXOAAT 12 mm T3:
KoTJa ApaiBep neTektupyer cocrosane DESAT,
OH JIOJDKEH OJJTHOBPEMEHHO IOy 4YHuTh HH(pOpMa-
I[UIO0 O COCTOSIHUU COOTBETCTBYIOI[EIO «BHEIII-
Hero» KJIo4a. Ecm oH OTKpBIT, TO BBIKJIIOYEHHE
TOJKHO ITPOMCXOIUTH MTHOBEHHO, JIaJlee, CITyCTs
1-3 MKc, npaiiBep 3aKpbIBaeT U «BHYTPEHHUIA»
TPAH3HUCTOP.

[Tpu HacTyIIEHUH JII060TO aBapUITHOTO CO-
CTOSIHUS ApaiiBep GOPMUpPYET CUTHAT HEWC-
MIPAaBHOCTH, UCTIOIb3YEMBIN KOHTPOJLIIEPOM ISt
oTKIoYeHus1 Bcex octanbHbelX IGBT u nepesona
KOHBepTepa B 6e30IacHOe COCTOSIHIE.

3awmta oT nepeHanpsHKeHns

[Tpu npepsIBaHUE TOKa B 0601 menu 3L-
uuBepropa (npu orxiodenuu IGBT unu nuo-
Ila) HaIpsDKeHHe Ha 9TOM ydYacTKe BO3PacTaeT.
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MNcTouHKM nutaHmna

[pansep
3aTBOpa

Puc. 9. YnpoLLeHHas cxema akTVBHOro
OrpaHnyeHus

[epenanpspkeHre BO3HUKAET BCIIE/ICTBIE HAKO-
IUTeHNUSI 9HEPTHH B pacIipeie/IeHHON MHIYKTHB-
HOCTH IJINHHOTO FJIX KOPOTKOTO ITyTH IpOTe-
KaHU TOKA.

BennuuHa 3aniaceHHON 9HEPTUH IIPOIOPIINO-
HaJIbHa KBaJpaTy TOKa U BeJIM4nHe Lg B COOTBET-
CTBUH C BEIPKEHUEM:

_ Lx I
-

E

KOMMYTaHI/IOHHbIﬁ BCIUIECK, aMILJIUTYA KO-
TOPOT'O 3aBUCUT OT UHAYKTUBHOCTU U CKOPOCTU
BBIK/IIIOYCHUA:

di

Vo :LSE,

nobaBisieTcs K HanpsoKeHHI0 DC-IIMHBL.
[Tomy4nsireecs cymmapHoe 3HaueHHe Vi + V
MOKET IIPEBBICUTH BEJITIHHY OJIOKUPYIOIIEro Ha-
IPSDKEHMSI KITI0Ya, YTO IIPUBEJIET K ero Ipoboio.

ITockonbKy AJMHA KOMMYTallMOHHBIX IleTei
3L-unuBepTopa 6oblle, YeM y 2L, COOTBeTCTBeH-
HO, BBIIIIe ¥ 3HAUYeHHE PacIpeieJIeHHbIX UHIYK-
THUBHOCTEN. B mepByIo odepenb 9TO OTHOCUTCS
K «uHHBIM» yTsaM (T2/D5 <> D3/D4 unu
T3/D6 <> D1/D2). Eciut ypoBeHS HepeHampsyKe st
OCTaeTCA KpUTUIHBIM, €TO HeO6XOI[I/IMO CHIJXATh
C IOMOIIIBI0 CHAO6EPOB WK Iieleil aKTHBHOTO
orpanndenust. CHab6epHble KOHIEHCATOPBI IO -
Kimo4aoTca Mexxay nersaMu DC+ u N 1 cooTser-
ctBeHHO N 11 DC—, 0OHH IOJDKHBI pacIioaratbCst
IpefesIbHO OIM3KO K TePMHUHAIAM MOTIYJIS.

Llerb aKTUBHOTO OrpaHuYeHus (prc. 9) cOCTO-
UT U3 HECKOJBKUX I10CIIeI0BATEIbHBIX TUON0B-
CYIIPECCOPOB, IOJKIIOUYEHHBIX MEXKIY KOJUIEK-
topoMm u 3atBopoM IGBT. x cymmapHOe Ha-
npsKeHne Vg (o HOJDKHO OBITH HEMHOTO HIDKE
6y0KMpyIOIIel CIIOCOOHOCTH TPAaH3UCTOPA,
HO BBIIIIC paéo‘lero HaIIpSDKEHUS C y‘{eTOM BCEX
I0ITyCKOB. Ecn KOMMYTaIlIOHHBII BCIIJIECK CUT-
HaJia, o6pasyrommuiics npu Beikodenun IGBT,
IPEBBIIIAET BeTMIUHbI Vyp o Ha 3aTBOp IGBT
HATHHAET TOCTYTIATh TOK, OTKPHIBAs TPAHHCTOP.
[Ipu 5TOM OH IEPEXOAUT B JINHEHHBIN PEKUM,
IpUHUMast Ha Ce6sl 9HEPIUIO IapasuTHOM HHAYK-
THBHOCTH JIO TeX I10P, HOKa Lg IIOJTHOCTBIO He pa3-
psanurcs. HemoctaTkoM TaHHOTO MeTOJA SABJISETCS
paccestHIe GOJIBIION MOIITHOCTH Ha IPOBOJSIIIEM
KJII0Ye ¥ BO3MOKHOCTh BOSHUKHOBEHIA fpedeara
IOCJIE €T0 3aIUpPaHUSL

Circuit Parameter - 3L NPC

Circuit Parameter
Input Voltage
Output Voltage:
Cosinus Phi
Output Power
Output Current

Vm 750

Vou [0
= 05
P B
e

equency

T
g

Output Frequency

%

Overload Parameter
Overload Factor

1

Pue. 10. 3apanue pexwvivos cxembl 3L NPC B nporpammve SEMISEL

Pacuer notepb 3L-uHBepTopa

Brruncienne TemmepaTyphl eperpesa Kpu-
cTaj10B 3L-cxeMbl IPOU3BOLUTCSA B HECKOIBKO
9TamnoB. B mepBylo ouepens onpenessieTcs Cpen-
Hee I, u cpenHeKBagpatu4noe I, 3HaYeHUE
tToka Kaxgoro IGBT u muona. Ha ocHOBe aTux
BeJIMIUH OCYIIeCTBISAETCS PACIET CTATHIECKIX
" JUHAMUYECKUX IIOTEPD, ITIOJTYICHHbIC TaHHbIE
HCTIONb3YIOTCS IJIs OIIpellesIeHHsI TeMIIepaTy phl
pazmaropa, KopIryca MOy JIsl, KPHCTaUIOB.

OO61111e TIPUHITUIIBI aHATI3a MOLITHOCTH IOTEPh
U TEIJIOBBIX PeXUMOB 1 2L- u 3L-ycrpoiicTs
OZIMTHAKOBBI, PA3JIMYMSI KaCAIOTCSI METOIUK pacdeTa
TOKOB KpHcTaioB. Kaxmoe dasHoe miedo Tpex-
YPOBHEBOI CXeMBbI Colepkut 10 Kitoueit (deTsipe
nociefoBatelbHO coeguHeHHbIX IGBT ¢ anTH-
TapaJUIe/IbHBIMU JUOIAMH + 1Ba PUKCHPYIOIIUX

IFOZIA), B TO BPeMs KaK KIACCHIECKHUIT IOTyMOCT
COCTOWT U3 YeThIpex Kioderi. ClieficTBIeM 3TOro
CTaHOBUTCS GOJIbIIIEE KOIUIECTBO KOMMY TAI[¥-
OHHBIX P&KUMOB IJIsI KKIOTO MOJIYIIPOBOIHIKA
1 GoJIee CIIOXKHBIE [Ty TH [IPOXOYKIEHHS TOKA.

OcHOBHBIE BBIPOKEHUS [UISL pacdeTa CpeiHero
(avg) u addexTUBHOrO (rms) 3HAYEHUS TOKA 110~
Ka3aHbl HUKE:

1

avg —

1 2n . )
P _([ DC(wt)x 1, sin(ot —@)d (o)

rms

2n
- | L j DC(wt)x I, sin* (o —@)d (o).
2n 5 g

B rabnure 5 npuBeneHsl GOPMYIIBI OIS pac-
YeTa CTaTHIeCKUX U JMHAMUYECKUX IT0TePh KaK-

Ta6auua 5. OcHosHble hopmynbl A5 pacyeTa noTepb NPOBOANMOCTY W NepekmioyeHns 3L-uHBepTopos

Py =L By, x{r —9)xcos(@)-+sin(@)]+ 21,1 x[1+cos(@)]'
121

IGBT (T1/T4) N I

1) Ve

Vs

X L[1 +cos(9)]G,
2r

P, = é {0 X112+ 3M (9 cos(@) —sin(@)]+ 7., I x[3m —2M (1-cos(9))’1}

IGBT (T2/T3) N P

P=fE,| | x| e
1) 7,

1
X2 L= cos@)lG;

I
IB i = E {Vfo

x[12+3M[(20 —T) cos(@) — 2sin(@)] + 7, x[3m —4M (1+cos’ (@))] }

Auopsi (D5/D6) K I
P = f E L x L

ref ref

L[1 +cos(9)]G,
2n

Py = % PV, X[ cos(9) +sin(@)]+ 2r, I x[1-cos(@)] }

Ouopbi (D1/D4) _N\K

g Ky
1 V,
P =fE | —| x|-—<<
= LB g

1 ref ref

% {1- cos(@)IG,
2n

Avoawi (D2/D3)

Boy= % BV [0 cos(9) +sin(@)]+ 2r, I x[1-cos(@)] }
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Ta6numua 6. KoadhchmumeHTbl Ans pacyeTta
noTepb 3L-vHBEpPTOPa

Koadduumenr (c]:) FWD
KV 1,4
0,6
Kl
1
Gl 1,15

moro u3 10 ximodeit ¢ yaeToMm Kodddunnenta
3aIIOJTHEHU YIPaBISIIOIINX UMITYIbCOB U da-
30BOTO yIJIa.

[TpuBeneHHbIe BbIIIe (HOPMYIIBI CIIPABEIIA-
BbI 17151 Koo dunuenta Mmoaynsauuun M = 0-1,
KOTOPBIN CBsI3aH ¢ HanpspkeHrneM DC-mnHbI
¥ BHIXOIHBIM I'MS$-CUTHATIOM CIIEAYIOLINM COOT-
HOIIIEHUEM:

NGYZ

M = rms

V3.

Tunossle 3navenus Ky, Kj, Gy i IGBT u amo-
nos mopyiest MLI SEMIKRON moxka3aHsl B Ta-
6uiie 6.

B03MOKHOCTB TEIUIOBOTO pacyeTa pasJInIHbIX
BAapHaHTOB 3L-cXeMBI IpefycMOTpeHa B PO~
rpamme TerioBoro pacdera SEMiSEL (puc. 10).
[Tporpamma mpemsiaraer moJIb30BaTeII0 HECKOb-

CunoBas anexkTpoHuka, Ne 2°2019

KO PeXMMOB paboThI, BKIIOYAIOLINX TEIIOBOE
MOJIelTUpOBaHue, BEI6op crtoBoro kimoda (Device
Proposal), a Takxe rorooit c6opku (StackSel).
CaMbIM Ba)KHBIM 9TaIlOM IIPOEKTUPOBAHUA ABJISA-
€TCsI pacieT IOTepb MOIIHOCTU U TeMIIePaTyphl
eperpeBa, B MHTEPHETOBCKO BEPCUU OH HOCUT
HasBauue Step by Step Design. Tuctpubyrus
IIPOrPaMMBI MOJKHO TIOJTYIHUTH B [IEHTPE TEXHI-
geckot monaepkku SEMIKRON.

Konueniust TpexypoBHeBOTO IIpeobpa3oBa-
TeJIsl, HECMOTPSI Ha KaXXYIIYIOCS CIOKHOCTD,
HMeeT OYeBU/IHbIE TEXHUYECKHE TIPEUMYIIIECTBA
B BBICOKOYACTOTHBIX CXeMaX U B Ipeo6pasoBa-
TeJISAX C BBICOKUMHU TPEOOBAHMAMHY K KaUeCTBY
BBIXOIHOTO CUTHaIA. B mmocienuee Bpemst mpe-
o6pasosarenu 3L NPC cranu Bce 60J1ee akTHBHO
IPUMEHITHCS B HCTOYHUKAX Gecriepe6oiHOro
nuranust (UPS) U cONHEYHBIX 9HEPTeTHIeCKUX
CTaHIUAX, IYTO BHI3BAHO BHICOKUMHE TpeGoBa-
Huamu 110 KIIJI 1 ka4ecTBy BBIXOJHOIO CUTHaJIA
TAHHBIX YCTPO#CTB. CHIKEHNE YPOBHS TapMO-
HUYeCKUX HCKKEHHUI TOCTUTAETCsI 3a CIeT yBe-
JIMYEHNS YACTOTHI KOMMYTALUH f,,, ITO B CBOIO
odYepeb BefieT K POCTY IUHAMUYECKHUX [OTepPb.
MHOroypoBHeBasi cxeMa [O3BOJISIET IIPU OT-
HOCHTEJbHO HU3KOM 3HAUEHUN f, PELIUTh 9Ty
npo6ieMy 1, KpoMe TOTO, YMEHBIIUTh TpeOoBa-

MNcTouHukun nuraHusa

HUS K CHHYCOMIAIbHOMY (DUIBTPY, rabapuThl
M CTOUMOCTb KOTOPOTO BHOCAT CyIIIeCTBEHHBIN
BKJIA/l B TIOKa3aTesIH Bcero uaenust. Erme omanM
TIOCTOMHCTBOM 3L-TOITOJIOrUN ABIISETCS HU3KANI
YPOBEHb U3JTyJaeMBbIX 9JIeKTPOMAarHUTHBIX LTy~
MOB, 4TO OCOOCHHO Ba)KHO JULSI TAKKX IPHMeHe-
Hui, kak UPS.

[TockombKy B IIeny KOMMYTaIjii TPEXYPOBHEBOI
CXEMBI y‘-IaCTByIOT YEThIpE HOHYHPOBOI{HI/IKOBBIX
KJII04a, ITOTE€PU MTPOBOJUMOCTH JAHHOI CXeMBI He-
CKOJIbKO BBIIIIE, YeM Y TPaIUIIMOHHOMN JIBYXYPOB-
HeBoil. OJJHAKO CYIIIeCTBEHHOE CHIKEHHE I10Teph
IepeKIIOUeHNs I03BOJISeT YMEHBIIUTD 001Iee
3HAYEHUE PACCEMBAEMOI MOITHOCTH TPUMEPHO
Ha 40%, 1 9TO JOCTOMHCTBO 0COOEHHO SIPKO IIPO-
SABJIAETCA HAa BBICOKUX 9aCTOTaX KOMMYTalluN.

B HM3KOBOJILTHOM JIMaNIa30He IPUMEHUTETHLHO
K TaKUM yCcTpoiicTBaM, kak UPS, TpexypoBHeBas
CXeMa OKa3bIBAeTCs NPEAIIOYTHTEbHEE U C 9KO-
HOMMYeCKOU TOUKHI 3PeHHs], TOCKOIbKY 00IIast
crouMocTb 600-B cennanu3npoBaHHBIX CUIIO-
BBIX KJIIOYeil IPUMEPHO Ha 25% HIDKe, 9eM Tpex
CTaH[APTHBIX I10JIyMOCTOB 12-r0 Kiacca. Kpome
TOTO, IPHMEHEeHHe KOMIIOHEHTOB B KOH(HTYpa-
nuu MLI ynporiaer KOHCTPYKIHIO COeTUHUTEIb-
HBIX IIMH ¥ BCETO MHBEPTOPA. -

IIpodonsxenue cnedyem
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