EHAEIA 2014 4F 4524 4 45 8 1] .852 ~ 857

doi;10.3772/j. issn. 1002-0470. 2014. 08. 012

/|

T4l i Cuk SRS EEHR"

o

5@

(HMBEAXFRFRILE TR R %K 417001)

i O HAMNEEARARAZARAER DN MR ESEAMATHTEEALE A, T
HRNEERFAERRCETRFRFENHEL, BT — M ETHEREEH O HAEN
Cuk # 28 , P Xt H TR B HAT T ¥ 20 0 Bk 9 W7o 120 0 25 I R 98 A 48 o O % 5231
TR ERZL, B EF i, TEXRARS BB LA EELL, T
DA A2 B B N L S B o 4 R R R U e 3t X R R, A D

BREARKERG P EAS Z B = o

Kelin]  Cuk d g5, BRI R B, BHEEH, FH

O fff DR DL R R BRI 35 e R AT, AR5 22 5
A FUREIR , 1 REWHE , & AR B 22 5 i T R
JERE R L BT CEEEFA A BER KRR
SEREUR A R IR B A — KRRl , A7 S s, 1t
SR AT RE U 1 R AR R A E B TR S —
D3 T, 3% SE AR A4 A PR 3 A T E S G
TEXFIEOL T, BFFEN B BIWTSE H bR 7 K FHAE .
KFHBEAE M FE R N B A BRI F Iz ], B A A
O] Z AN RIS AT H AT P A A B
PR RRARIR Y TR AMTRIF TR AEIR
KBTS RIHBECIR A B R G AR AR 3t
AR I 048 4% , T I 0 396728 2% P 5 4 1) S 3R
TIALA L 52 W ) B SO0 AR e v 2R 48 A9 1 RE A 45
e RS IR AR 2R I 1T A2 8 T R S 1Y
o LAEAD 80 AFAR, SEE N BE TR =41 Shobodan
Cuk & H 1 — Pl 28 e o % (PR Cuk HLES)
I R B TR DI AR e v P O IR0 300 A 40 PP A 3 T
Ho

R, X DGR I 9 3028 SRR 25 44 g F 52 1)

i 14 A\ B R P 9 SN R s LA SO
FIRICRI 7 1) S JE T o A A e [ PR R S S
BRI EEAI b, FE T Cuk HLERES G, A SCHE M T —Fh

TR S ELUFI I O 96728 B i3 st 10 o 3l
BRI Cuk 30645 28R T WLk 7 SRR A XL TR] Cuk
HL i, LA R 0% 5 T R R A4 T SR, DA
1M PERERBSE L T 52 AR = DR KR, B i
T AC BEHe, MR 2 40 05 A i A, 35 T 1 A
P R AR Cuk 536 A8 48 £47 T Matlab/Simu-
link {5 B, {5 BAFFE 45 R R 20 BB R & B H
X Cuk 325 28 A PEBEFE AR SE AR R B TR I EK, 16
UE T3 Dt Fa) T AL 1l 7 vk A A5k DA S B
SIBTRIIERRPE , AR 0 AR 2% A S AR R T 3 Ak 4
HETHE IR

RO Rl Qi)

Cuk A Hef LA ANIE 1 Fs

I I,
VN T A~
L ] L
1 Cl 2
_* =
Ing w¥V  C= RH v,
J’_

E1 Cuk B

LR A A8 ) D0 5 24 L B T AR SRS T
R AR e (4 i ALV R LR Bk Sh AR O HL

O WA AREEEES (12)12040) ARG 4 BHIF A8 (2010TT2055) BB H .
@ 5B ,1982 4 Wi, PR BFSE 5 1 o L T S S fE S BE RN, E-mail ;. yuezhou2000@ 163. com

(A B 1 .2014-0324)
— 852 —



T A TR RY Cuk SERISASZRITST

BaheRER L, AL, (A, 3 AT LA/ INSCE L T (R
AR SR A R i, BRG] AR A R
WES . T Cuk AR AR, 1E 5B
VAL R R O N S N | AN AN T 71 S 7
Peast™ o Cuk 78 He % BE AT LI A8 e 28 4 gt a]
DA P AR 46 25, i PR 19 RN T 5648 S
I 25 L D,

FEWFSE Cuk HL B0 LRSI, A SCHRE H T 78 XL
Cuk WiAR g, HILA L &5 M Qi 2 fios . Hodp U,
RE A Ly L, Ryt R IR HLES, S, - S, ML

TSR, € A Cy BB A, A D, -
D, FEGEBISEA AN, R AR B8 %5 Rh
FNEE SR HTT AL R Cuk FL %, 75 P 2H XL fm)
Cuk AR5 (14 i H 3 2542 0 2, iIX P4 Cuk 722 iy
I3 BCR AR B A HAT AR ) B O 5 ELAR 37 A0
22 180° IR 5% I 2 % 1, (ot 1 A9 WL A L T ey A
u, S RTAEAL, LAE T Cuk 22 #4504 i
HUHS, NS BE DC-AC 1784, fBse e 2 2 Ze 2
PO IE L AR 45 , A7 0o T2 A 4%

u |C (I’L3 |:W‘A|—:W“J IC!4 G| %
Halladoslls| b oot ot F

b g
U
L, +I I4

1 ] ==
2

S i
- P "

B2 M Cuk FEIREARBKEN

TFRARE S, = S, o i A ] % 7 A W T G A%
SR AR o, R w, RS H R
AR, A A s w, D w, 2 A M R) IR
P & IE 5% B R IR, OF BB AT RS AR A A AH 22
180°, R :

u, = U, sinwt + U,
u, = U, sin(wt +w) + U, (1)
uy = u, —u, =2U, sinwt

ORI Cuk 3307858 €5 9 it PR R A OF B0 52 A8
FI8 , AT S 6 v ) P, 7 BB A% L[] i, 3 LR
PHAL XS FR A9 XL ) Cuk B B 2H A8, O B A& B S T
PE, ¥ H b iy — 21 Cuk A2 445 B 1R 2 JUAH 0 WL R
I8, RIS ZAR F B SR80 B B N 18] 3 I

H Y
Ly c, L,
:?Uinﬂ K%Q )<Dz Ci== R[]
B3 Ex@E
HRAAR A P JE AT 75
u,/U, =D/(1 -D) (2)

HLUR S £ N
2D -1

= mUm (3)

Uy = U — U

2 BEEH K

X Cuk L9748 884550 B AN 181 3 B, Al se i
JEL, L, RN &) iy, B € Gy BIFRTECN w,
U, 7#&%}(:

[t e s -
0 (S,WT, S,M&)
By = LI, i RETTFEN
du,/dt = -1,/C,
du,/dt = -u,/(RC,) +1i,/C, (5)
di,/dt = U, /L,
di,/dt = u,/L, - u,/L,
By = 0w, nJRRETT RN
du,/dt = 1,/C,
du,/dt = -u,/(RC,) +i,/C, 6)

di,/dt = U, /L, - u,/L,
diy/dt = - u,/L,
TEBCIRAS & i) 0y u, IR L, =L, =L, C,
— 853 —



FEORIEIR 2014 4E 8 5524 % 5 8 MY

=C, =C, ARSI H
du,/dt =i,/C - y(i, +i,)/C
du,/dt = - u,/(RC) +i,/C

di,/dt =-u,/L +yu,/L + U, /L 7
di,/dt = yu,/L — u,/L
HAR R N
du,/de 0 0 /¢ 0
duy/dt| | 0 -1/(RC) 0 1/C
di/de | | - 1/L 0 0 0
di,/dt 0 - 1/L 0 0
u, - (il + iz)/c 0
u, 0
+ v+
u, u,/L U./L
u, u,/L 0

(8)

T B LR IR, 4w, DR R

FAs, It BB Ly Ly B9 6, i, Z AR E

PP R w, B 63 B P % R 8 4 3
(14 AU 1T R RN

S =i +iy—iy =0 9)
Horp i, S IR B UL S (E
FEA TR
W =0
i =0
(10)
ii =0
iy =0

ZEB)RAREMEE RN
i" = (u)*/(RU,)
i, =u, /R
(11)
u =u, +U,
u, = u,
Rl
(u) yu, i, ,i, ) =
(uy +U,, ,u, ,(u;)’/(RU,) ,u, /R)
(12)
DU AL 46 1 e KR 5
S =i +1 —u, (u, +U,)/(RU,) =0 (13)
120 (13 ) w0, b T~ A H Y50 670 28 P B I
AR, PR B T A D45 T 98 B0 A I R, DA
TS B0 1 X i 4 R R A I o AR 98 A AR 2 ey 4
il Ay
— 854 —

1, S<O0
y = { (14)
0, >0

S =0, IF B B oA AR IR G, 1
(u; )/ (RU,) ATLAE AR & RAR (7)), 18814
TN E Y C At

u, +u, - U,
Y= 2u,

He (1) Fubfe i 452 00 (13) ARA (7)) L 45
N ge e DI I ELE 2
i, ou, +u, - U, ) u, (u, +U))
Cc 2u, RU,,

di,/dt = (u, —u, - U, )/2L

di,/dt = (u, —u, + U,)/2L

du,/dt = - u,/(RC) +1,/C
i +i, = u, (u, +U,)/(RU,)

(15)

du,/dt =

(16)
TR S 55 In &) —Ni 2R LA H, il H,
PR RAERIME S y TAMER T IR IF K8 S,
IS, LA 1, Ml wy S AERFAE BT, AT 5%
BTt X B AR S R MERR R R . 55 4h,
H T R R S S0 B DA S, ME LA A2 HL R R
HIZ AR, DAESE B R FH 25 v o v e AL ) S 15
T o — A v T U D e, A R OB A R B A O
AU AL AL TR 220 iy — e, T LI LTS
SN P SRR AL P R R R TR R

3 HRHR

R T 0 UE T R 00 AR 2 T AR T R ) T A P R o
Ik AR, 76 Matlab/Simulink R85 T @57 T #8
il RGP AR, & 4 fis . B 4 i Cuk 53
AR AL 5 R . P ESEOEE T
AHGHE U, =100V JF 5454 f, =20kHz; 71 208
FH R =50Q; H& L = 800pH ; L4 € = 100pF ; 3
BiPsh 2B K, =0.1,K, =0. 144,

3.1 EBSHE

SRR F G 2 A S IR ERE O, P B
IS % 15 543 51y 200V/75Hz  100V/50Hz i
50V/25Hz, i i H A LR a8l 6 i, 1817 J2
S R R 100V/50Hz B (4 L Ly 19 F 3 U
¥
3.2 HBMHE

BESHE S A, M EAZE, JfHd



T A TR RY Cuk SERISASZRITST

VIR IS % 5 5 B0E N 220V/50Hz, 2834 0. 04s - W R P 2555 B0E O 220V/50Hz, ] 45 I 57 28

JEWMUE R 100V/25Hz, FE 2200 0. 08s LHBIREN 500,454 0.04s J5 B0 R 2 #ORAE, HH 45 0. 04s

220V/50Hz, % i H T 05 BLHTE AN 15T 8 FR . TABRAFURBLE g S0, AR )4 4 e e AR i BT
FHBGE A AL, TS H RS AL FE WK 9 R,

|-bUcl J
gl w gl Ucl
Uc2
Uc2
iLA Qg2
iLA
L—{iLB
2 W3 iLB b
A
»iB g ————m et
TR
J a| P
+T B N
‘l Cuk %75 5% — E
Vab Scopel

B4 REHEER

! |
) !
c1o i . cul|

iLA

iLB
. &3 Y d Il
O h €
- S7 D9

gl , A2 (G ﬂ c17 :
L5 iB

S2 D7 o S o——p—s |+ _ . C

E'le

o —
S1 )ﬂl D10
E

A |

5 Cuk FERHTEKE

— 855 —



EFAEI 2014 4E8 H 524 3% 8 1y

(=}

200 \/\/\/\/
-200 . . .
0.01 0.02 0.03 0.04 0.05

0
(a) e 200V/75Hz By T

0.06

200

100 p

-100

-200

0 0.02 0.04
(b) il By 100V/50Hz ki th e

100

0.06

-50
-100 I 1
0 0.02 0.04 0.06
(¢) itk 50V/25Hz [k %
Ee6 WmHBEHEERE
15
10
g 5
=0
_5 -
=10 . . . . :
0 001 002 003 004 005 006
iFIA] (s)
E7 BEL WEREE
400
200
=
]ﬂ 0
R
-200
4005 0.05 0.1 0.15
I 1) (s)

B8 SEEEMESRELERTHEBERE

— 856 —

400 T T T v .
200 /'V 1
S
= 0
#
-200 1
-400 L L L L .
0 0.02 0.04 0.06 0.08 0.1 0.12
IS 18] (s)
(a) %t L RO
0.05
<
S 0
#
-0.05 1 1 1 1 1
0 0.02 0.04 0.06 0.08 0.1 0.12

8] (s)
(b) i Hy IR
E9 Mz S0 REZEHXOE S0Q YIHEEFE

MG ELAR T LA Y, AR a8 HAT AR (AR

(1) m] LT e He 396 A2, %o iy A AR B A2 Ak e
BRI FLL L, AR e A5 RE IR W 5E S AR DI fE

(2) BB RE R e i b LA SC B, i T LA A
FEANREIEAL , DRI I Ao 396 728 g R A 050 8 114 400 il HRL 98
FL Pk Bl Y e

(3) w43 ) A B8 O O A8 o T A e R IR,
JUAVE I (), ] S 5 50 0 PR O aod P ) —
WA, (il DA TF SRS R R AR W] LAy s Ak i
it

(4) WK Sy A0S, A2 HAT B 1) BHL W RE J1 19
TFIK, 127 2 19020 0 W A8l P 3 P ) S 3l A A
AT IE T O 1R o I 10 2 75 G T DG BRI R AL IR

4 % b

KFHBER—Fh I Qe pynl A RER , 2 21 fHhed
NI FI R EERE IR . K BHBEYEARIL IR YEARIT
WA i BT S IE MR sz BTz Al T A
WL AR SCHOBIR S i 078 S B # A F A T AT
THFFE g — s B L Cuk 53678 2590 F NG5+ 12
I HAE ACAEHOGIR A i A8 2 v, AR ST
I8 T IZ0B B Cuk 39678 25 (14 31 M 2544 T A i
B, I e ve e T AL S8 L s YRR A 4 1) T 2 R



T A TR RY Cuk SERISASZRITST

A, AR AR A5 AE SO B R, A i AR i 2007. 620-625

P T DA S S e R T a3 = T B [ 6] Jain' S, Agarwal V. A single-stage grid connected inverter

HUTE . YRS 28 Sy 3B AT, S T — g 780 g v topology for solar PV systems with maximum power point

BB e ELAT B A b e e Bl T 5l tracking. IEEE Transactions on Power Electronics, 2007,
sy s PN Y ~ ) =] S

22(5) :1928-1940

[ 7] SCa5ig, fHRAE, ARFMSE. —RhEXH i B Cuk 3R
PRC Hrp il k. i8R, 2013,47(11) ,30-
32

[ 8] Gubia E, Sanchis P, Urstia A, et al. Ground currents in

el ERE , HAT B A

S E 3k

[ 1] sk3E, VR, &Far =% if i d R 8rp — 45 PCC-
MCUKPFC 28 %, H S B shfbi% &, 2014,34(1) .
80-84

[ 2] Corzine K, Familiant Y. A New Cascaded Multilevel H-
Bridge Drive. IEEE Transactions on Power Electronics,
2002, 17(1) :125-131

[ 3] wl, PUAERRLIRER, SE8). 2T Cuk i XOLEK
BRI MPPT REEDF5E. T FEAREIR, 2014,32
(2):163-167

[ 4] Lo'pez O S, Freijedo F D, Yepes A G, et al. Eliminating

ground current in a transformerless photovoltaic applica-

single-phase transformerless photovoltaic systems. Pro-
gress in Photovoltaics; Research and Applications, 2007,
15(17) :629-650

[ 9] Zhang L H, Yang X, Yao X F. An isolated single stage
buck-boost inverter. In: Proceedings of the 39th IEEE
Annual Power Electronics Specialists  Conference,
Rhodes, Greece, 2008. 2389-2395

[10] E3FF, K, Ui, — 7 B i g AR Fa s X Cuk
Apd. O EHALT R, 2014,34(6) :846-854

[11] 5KMG, M. S gsgdi B A Cuk 2B e g HOT
FMWFFT. B THFEIAR, 2013,47(4) .46-48

[12] Prasad B S, Jain S, Agarwal V. Universal single-stage

tion. IEEE Transactions on Energy Conversion, 2010, 25
(1) :140-147
[ 5] Shyu KK, Yang M J, Wang T W, et al. T-S fuzzy con-

grid-connected inverter, [EEE Transactions on Energy

Conversion, 2008 ,23(1) :128-133

troller design based on LMI for a shunt active power filter
system. In: Proceedings of the 33rd Annual Conference of

the IEEE Industrial Electronics Society, Taipei, China,

Research on a Cuk photovoltaic inverter based on sliding mode control

Yue Zhou
( Department of Electrical and Mechanical Engineering, Hunan University of
Humanities and Science and Technology, Loudi 417001 )
Abstract
Aiming at the fact a traditional voltage bridge inverter can not meet the requirements of a small photovoltaic
power generation system with a smaller power generating capacity, a lower output voltage level, and a wider trans-
formation range, a novel dual Cuk inverter based on sliding mode control is proposed, ant its working principle and
modulalion are theoretically analyzed in detail. The inverter uses a sliding mode control method to achieve its sine
output waveform and better output property. The simulation of the control system was constructed in Matlab/Simu-
link. The results of the simulation and experiment on the inverter shows that its circuit works in boost mode or buck
mode, adapts to the large range of input voltage, and has a strong ability to reduce input voltage ripple to affect on
the output, so it has extensive applications in small photovoltaic power generation systems.

Key words: Cuk circuit, photovoltaic inverter, slide mode control, simulation
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