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Study on novel single stage photovoltaic buck-boost inverter
YUE Zhou

(Department of Communication and Engineering, Hunan University of Humanities and Science and Technology, Loudi Hunan 417001,China)

Abstract: A novel single-stage Buck-Boost PV inverter topology was proposed, which included only five switches
and two power diodes, with a compact structure and low switch frequency. It did not have a DC capacitor, could
generate an AC output voltage larger or lower than the input one in a single stage, and could be used in AC module.
The operation principle was analyzed in detail and the mathematics model was founded by the state-space average
method. The new inverter circuit topology provided all the switches for turn—-on and the auxiliary switches for turn—off
at zero current switching (ZCS)by a resonant tank, so that the switching loss was reduced and the system efficiency
was improved. The simulation of the control system was constructed in Matlab/Simulink by SPWM control method.

The simulation results show that the validity and effectiveness of the proposed inverter is verified.
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BEE SRR PG | RS IRM H 2L
SR ENESR, HHASEEEBRALELE YA HARN
BRER ., KHBEREFEE 02 AT LEBA RIS RN,
R RHEELR R BB FREIEH Z R ER. MR
RN EENR R B REDWHELLES, RN B 7§
PRI B E OV R R WM., AR
TR R R & i F 12 R Buck-Boost 34828 .

Buck il Boost Hi [ J& DC-DC 75 # 1 5 5k 4% ) B b e
B, BRI Z: 5 — A, HEAT LT E RS
A i3, B2 Buck M R HEMETE, i Boost 3% R
BB K, I 3 B —E 9 BR #1021, TAE Boost B B ZE MR AN L.
Buck 544, i1 a4k , B LA45 3] Buck-Boost HLE%, BE AT 7+ HE
ANFTIGE IR, B B R SE- B AR B i 25 BRI, AT LA
BT ERAR T A B R B S R T AR L,
RSB EMA . ZRETR BT R RE B E

W R H #H:2010-05-18

ESTHE  98EHEFABTIE (1000832 )

EEE N - E&R(1982—), B, HEE A BlL, ETERARABAR
hBFE5EHEDH.TENEF,

201011 Vol.34 No.11

(PFC)H &, WEBIF DC-AC BN TEH ZE X LLE/EN
FaFh i 2 B RO AR SC AR T R E T M RN R A

BT LR ARSI ER 0 & B R E R R R
M AL ELE., ERAENTNERE, ZLET
Buck-Boost B JE45H , 5| ASRIEIRIFT  H 11 T —Fn Rl
JERB AL RN, ENT R EE, ST ACK
B R B TR R IR B RB HA SN FRT , Bt eI
B RMBHRIRIFEFRBIF R BN, KKBRIKT
FFRIEE, 1R T RERE, BIEES AR bk, 2T sp-
WM B HZ I £ B 317 T Matlab/Simutink (55 . 05
HERRUE T By & BRI 1T

1 SR EMR TIEREE

B 145 T BT i a3 20 B8 28 Buck-Boost 3125 2% HY HE
BRI G o RS B IR IR T SRS, Ty 2
STEF L AT B L S, BB R S, ZE D A
R L HR, AT R IR S S, JBI 6 S, &
B D, FETRER L 2R, B IBRSEE A — MR RE A
C, L, Mimth g B %, R A s .,

B 1 B 7R 9 B2 % Buck-Boost A8 25 A B~ AH E 57 B

1160



BE1 B HG Buck-Boost i TEES

B, Hof A LR u (ORI BT & TAEREAT
R BRI B, R UL, 7F -5 U H T YT 1E ¥ FE T e
A W S S, aE, A A B AT RS,
S M Sy B, BARIBUT A - A R IE KA, S8, A S,
LW FEBIIF G S, Sl , AL S, B B4 R e, S, A
S, KW, HBHIF K S, F3E, £IFE S, 1 S, RIm & HishtE

AN Th & A Wit F2 ] L3 R B 1 Buck-Boost DC-DC
BB, TR AR 3R L PR T AE F T R A (DCM), 7E 1 NI
KRN 3 AR, AT AR B ) R IR I B
(I0) 1B R I B (LD, FE 5 o0 58 T o R I 24 R Fr 47 2k R i 3 A4
W B BT %o 02 A B TARR S AN A 2 B o

2 RS RHFER

K TR, RO T A A R
B3 Lo S5 K LA 249197 X 004 01 B A 0
LA BRI 8 R L MBR L Ly L AV C M3 4401
FEME R T Rt L=Lo=L LR L, L, b AL

.
I AP

’

i
]
]
|
1
Y

A
R
>
(b)IE ¥ A e B
i » T
i a”
) e
! 5 )
1 1
H )
) )
i 1
1 1
: £ 2
P T N JH
= ‘l§ %2 Ay L;E 3
i L AN
H VI Ny v | L l <
I 4K ): ".L‘ "'.»., >( -
B EEANE Y N
1 1 ’ 1 1 N
' l, /’ A : : ” ™
LN L
sad 5,
e s
() IE ¥ R R B (d) 3 F 78 s f B

1161

]
!
|
1
1
(
]
i
|
1
1
1
{

.|

S— \_‘
L
T

\

R

IS
i

7
;
,
iyl
Q
N\ 8
-
3 -
[ L Y ZA B

e M tvvry

()1 ¥ AR B (R Jol 7 P B B
B2 FETHERS
i MIFIESEE T RS2 2ME, ST B LLUE 2 8 Sy 3
TTRGESHT TE— TR ANE 3 488 d B 6, 1108, 6]
L6, 6153 2(a) () . (c), FERER I T .

(1) FZTHEBEI (6, 6]:t=t 8,8, S, EEBRBEF RS
(ZCS) THIf, HEmMmER L Kt , C miads a3
t=t B 2. RIRRE (6)=0, i(HFT ud(§)TE ) B (9 F ik 53
H AR

()= (t—)U,/L )
u(=ulty) — (t— ) Iy/C (2)

) EIRMTBL T[4, 6] t =t BF, S, W7, S, (SR AR 5 T8,
PRI L, Dy, CHR . BE777E L, FHIHLEE C B EF
=6 B2, ()R u(HTEX I Yk o 5 8

(=L [i(t) — Iscoso(t— )] — (t— t)sinw(t— t)ult)/Z (3)
ud)=ut)cosw(t—t)+2Z[i,(t) — Is]sinw(t—t,) 4)
K o= 1/LC NBHRMIE; Z = JLC AFEEMH BT

(3) A HL BT B [, 6] : t =6 B, L, HAEAFAYRERAEN 0, D,
Bk, C R BCE E R =6 B2, T —4FF < B 8 0 3K B ik
HEK, L(OF udFEX AR ik 3

(=0 €)
udt)= udto) = (t— ) Iy/C (6)

TE Buck-Boost AR 88 71, i( O LR, in(HESE, TE— T
S JEI B N B RS ST AT HORAS 23 ) SE 8 ik . X — AP £
JEAAN B 3 A ShAORES , BB AR R W9 FF SR , FRAR B A
WA MFXAWR T,

TEFEH BB 1, BB Rl R B dTs W[5, 6], X B d=(t,—t)/
Ts,H:

iwl o o o o Tion] VL
d|u( 0 0 -VC 0 t 0
O “OL o @
d, | i) 0 1/L; 0 =1/L; |[i5(0) 0

u (1) 0 0 -1/C -1/RC || u,t) 0

E 1 4 B BE 1L, BB () W BR d T M o, 6], X B d =

(—t)Ts, B
i(t) 0o -1/C 0 0 i)
dlu®| [V1C 0 -1/C 0 |u®
d|ix®0| | 0 v, 0 VL |ix® ®)

u () 0 0 -1/C -1/RC||u
TE TR B B 10, BV R () (R B (1 —d—d ) Ts P[4, 6], A :

2010.11 Vol.34 No.11



i@l |0 0 0 0 i ()
d|u.(t) N 0 0 -1/C 0 u,(t)
dlino| [0 /L, 0o UL |0 ©

u, (] [0 0 -1/C =1/RC |[u,(®)
RICRE 2 FF- 8, i K (D~0) T 5] 1A TF RS
WA R B IERRIAN, B SRS 2 |
ERibk a2 RS
E@®] [0 -d'/L 0 0 i [d/L
divw@®| |0 0 -1/C 0 u(t) 0
4ixo|" o v, o —ur ol o |7 go
u, ()| {0 0  1/C -1/RC | u, ) 0

3 ARSH

3.1 HEER

R T E TR 200 TAE IR B A SPWM 5 7 ik M)
R, 7E Matlab/Simulink J3%2 F @ T #H R E R EER,
i ERRA 3 B, SPWM #1521 S- RELsL B,
HITR $1,S,, 85, Sy, Ss BIIRENAE 5 o 1 A VR il Ik A 10 5% i A4
R R AE LB, ETRIAC S E T AR A Bk 5E
B o Y IE K R TAR s (e, S s s R, W a
R R

B3 ZHHhEER

WESERBENT . MAEREE U-S50 v; FRUB%E
£=10 kHz; i B [ R=5 Q; iR B L=13.5 pH; ERHB A
K C=47 uF; IE AR L1 mH,
32 FRALERRDW

FeF SPWM ¥4l Jr ik (4 b e 6 R B U I L FFT
SRR BAE SR B AN 4 FE S R

MAOFES R LIE ), K SPWM 5% ik, 3 2s
L FE I T T2 0T 5%, B BT, S o 0 74 ol T S T
AF R (THD ) R/, {UH 0.51%, BIE T %A B 2S940 S A
SPWM F J i:  30HE
4 #ig

KFHREAE J—Fh Toi5 4 A T A BRI B T 40 A2k
ER R EZRIE, VB KA B 89 Y6 R 25 2% (9B
FEMRARZ B ANV AN, IER 5 T itk A8 A ST MORAR A8
I A T, 12 A B 45 o B g B R O IR
Buck-Boost i 258§, R B AN ShRIF L FB 4~ ) R %,
W2 RIS, KA R EE B % T RE
R m TRE TS AR RN B E, 3 BEd ik fis,

200
100 )
0 q
x \J/f\\J/f\\J//\
-100 ]
~200 : . : . :
0.00 0.01 0.02 003 004 0.05
t/s
H: (50 Hz)=104.8, THD=0.51%
100
80
60
Z
~ a0 ]
20
0 . R X .
0 2 4 6 8 10
i IR i
B4 BEBEEER FFT 9%
40 . S— . . ,

I/A

_40 . . . . . .
0.000 0.010 0.020 0.030
t/s
H #(50 Hz)=21.42, THD=0.43%
25 v v v v
20
15}
<
T~
10}
5
2 0 2 4 s 8§ 1
W K B
B5 WHERERRFFT 54
IR RA XL TR R E, W RBELATER

KW, KRR T IFCBIRE, 35 TIPSR, (FESREY
i 0 o T RO B RTINS D KR BGE TG AR
%%H/Jlﬁzﬁbo

%%B‘Cﬁﬁ

AXELROD B,BERKOVICH Y,IOINOVICI A.A cascade boost-
switched capacitor-converter-two level inverter with an optimized
multilevel output waveform[J].IEEE.Trans on Circuits and Systems
I:Regular Papers, 2005,52(12):2763-2770.

21 RIE, U, &MY, &0 7 E 8 RSTF AR AR 1] E i pl
TR, 2005, 25(12):62-66.

[31 AREUE, P —FEBAY 8 / R4 X Buck 22228 (1]. 70 [H
AL TR, 2005, 25(20):12-15.

[4] XU XURAR, 4832, 55 Buck AR 305 004 A B & 4t o i R
PeAL I [J]. 5 E B AL TR 4R, 2005, 25(19):52-57.

[5] BOUTOT T, CHANG L.Development of a single-phase inverter for
small wind turbines [C] / Proc IEEE CCECE.Waterloo, Canada:
IEEE, 1998:305-308.

[6] Zox, B, —Fr RIS DC/AC 3338 28 AR B 4 5 6 ).
B T HLREHTHE AR, 2006, 25(4):58-62.

1162



