Yfs HER: 2014-06-

EEWH: EXBRFEHESTH (61203031).

BIVESE: 3 %0Q976—), L, Wid, BB, FENFHEIBEFEARLKBEIRSGANMHA. BRRBIE: 13707313048,
Email: mi.dong@csu.edu.cn

XEHS:

CCM AZ§8 R A SR FH M i1 2T 25 BY i AR AN 6l

o, b Be, #h 58 SE M, E O

(FFIRAE AL 5 TR, HimE KD 410083)

E: @7 CCM A SO 22 as B AR DU A, 087 T RGEII TR 0 A, 3 T2 R 42 i Bt e . A O
18R P 0 % S A Y A AR R ST AL 43 2 8 S B U AR 28 R G M S AT RV T (K D7 1, VR REHE I R Gedz il i A\ 3
FF I A% 3 BR AR R AP AR (AT P T AL B, SR R i BT ORI M E A AR, B IE DA T ET A R R, RN 26 P
e SO s SRR RN 51 AR K OB, S RUEAMERE . RGBT T — & 250W AR SR SKIRRENL, SLIR S IRIGIE TR
SRR 1 (AT R

KR BSARES; SCHTNM: CCM; M, i

FESLES: TM464 XHERARIRAD: A
0 2= SR R GAT P E A, TTiEs e %
RS RE BRI S, RTE TR A
KBHEEAENTT AR RRIR . —, ITAESREIE T AT b a8 bt =X e i v 9 20 S A% 4 2% DR 2 BOAS DL T
(A, AR R HL AR C R B BRI A GRS B SR AT o X G 7] R R M) B4 A T
EARAAEE, RIS AR A B T SR O R IROR
£R AR PR B K B R R BB (maximum  power  point Bt bk jal 8, AR SO T IR FT: (1) %L
tracking, MPPT), wafiit J % &4 Hh sl AR & s A T CCM A2 OB usi AR 25 (1 B A4 DU s Y, 23 #r 3
FACHI R, o BT OB AR B I I AR AR AR L, A R RO AH B A A SR
P R R B R TR T AZENT), SR B RO A ST AR I S B,
SRR HOY AR 38 TAER o Ny B W S A 50 AR DUBM B A P T 2 S sg a0, T 5 11 PR
(discontinuous conduction mode, DCM)FI RIS L BEIAIFE > BT ide e H Th 2 BRI & P R R (2)2% T
(continuous conduction mode, CCM), #HLL DCM, iz HEARBEAY, SEAT FEU BRI Al oo 2 i A Jai 42 il
17T CCM B RO A8 48 RS/, FFOAIAAR,  AHEE A I HTh, /N B S e o A 38 A
MepgmEt, B RRIE I T REGUME A S, AT SN A RO A BT A R R 22,
ABRERECR MR R R, BIRAGHFE, WD EREREERSSEA B R aRER, 12
HRSEHE. ik CCM R RGOS S BT ARG
2 W FH SRR AN A _ -
AT, COM % B AR MO 7 enisp s L | PRI AN AR
FE X B ) A% 328 BR B AR AR A P 1T (right half plane, 11 T1E/RIE
RHP)Z £, PR T HI¥F R v fIhastkaRe, 7T A OB RIS AR 2R AR N S 1 R,
iR, BATT CCM R B M AT S T i A RS AR AR A Cey. RIS 1 4
T, REHT B MIS AR S BRI T2 (Flyback 1), SO H2% 11 41 (Flyback I1). H A5
AR AT B O, — 5, EOTEANREE R R BER LC M IEI R . R SERAS R V,y
—— IR Co—— R HLEY: n—— K440

Lygks HEA: 2014-06- Ets Loy Lmp——JSAJBDREHLRS: s ime—— 5L HL
BEE£WME: ExRBERRIEESEIH (61203031) s s iR L8P HE; C——E

BRES: 1 BA976—), L, WL, BlEdE EEAFes  BEE vey—— REEEHEA B v —— ISR
M HEAR #1248 . mi.dong@csu.edu.cn B G JFMI L vg—— ML, D—F2



Sh5%H, D'=1-D.

Flyback I ;,

R

K1 SR M AR S A A 0 1
Fig. 1 Topology of interleaved flyback micro-inverter
IRFEARFDF5, AL CCM I A\ H 5 it F
MR, AR B P IT RIS 5 23 tE Rk
2y

1y,
NVpy + Vg |

1)

Kl 2 9 ve>0 I RS TAERAS I v>0 IS AR 88
A 4P TAERS, .

BLZS 1. QuFil, QuXr, Dy RImXKM, D, ik
538, Flyback I1 7] B 46 HL T

RS 11 QuKMr, Qpill, Dy IE[MFilE, D,
) e, Flyback | [ B i 4 %

S 1 Qu Fi8, Q T, Dy RIAKWT, D&
] G, Flyback | A1 Flyback 11 #FAS [a] H R 4 Y h 2%

B IV: QUK. Q%M. DyIEMI'Fil, D,IE
7] 38, Flyback | AT Flyback 11 [&H [ B k8 46 H ZhR

V<O IN AR &5 1) TAEREAS 5 v>0 IS0, AL
AFBOR o SO e # i PR IESZ R, H
M i A B B P ALY DAY, K 1B SX B IR B ELAR
HL IR AR O TE 5% FLIA

Lo Fl)lvuckli.k;r-}: i

Lm

PWMI + Q1

™| Flyback 1 ive. 1o iy,
bR

Luz

PWM2J @

(L=

TI
Flyback I ;&1;»1 o

(A
Flyback | jny T

Lm

PWML Q! 7

Lm

PWMI_* Q

™ tyback e 12 i el O Flyback Il jus 2 T A
‘ D: ‘ D:
Lu La g
PWM2 e Q: PWM2 ¢ Q2
e
LAl @iz IV

Kl 2 CCM Az 4 S ifaiudi 42 s TAERES K (vg>0)
Fig. 2 Operating modes of CCM interleaved flyback
micro-inverter(vy>0)
12 EFSER
N TAE T A e A, AL s
1 ERMARE A Coy R K, N5 E R

R SUE 52 5
2) [P AW Flyback | A1 Flyback 11 /545 bt
D #H[A;

3) B 4 I ) A2 F R A S Ui R s rRLER Y
H ISR HL P Cequivalent series resistance,
ESR), ZMEAL[E e/

3 N RGOS AR 2 PWM AT 5 23 B
B wEFR, FIFR Qi a IR Qo BEAITFx
I H(To/2) 538, CCM 22 B \Iudi AR 2% 2 Gui 2l 4y
Vol

A == I-D
PWMI 2 s es ~

PWM24A ™i(s)

™(s)

Dwi1Dvz DmzDvig

— T ——>

(AD=05

PWMI4 o w2

PWM2 > (s)
Dr1i D12 D3 D4 s)

«— s —>
(b)D<0.5
B3 PWM B e RE
Fig. 3 Relationship between PWM and duty cycle

% D=0.5 i, Flyback Il FFF5% Q, 7E Flyback |
FIFK Qu RITHT @, P SO e ds 72— T KA
W TN A 4 A TAEXIE], A TTAEX A LT &
JE B LG 23 5 : Dr— 1545 111—[(2D-1)/2]; Dyp— 1%
A5 1—[1-D]; Dys—H#ZS 1I—[(2D-1)/2]; Dps—HZ5 1l
—I[1-D]-

* D<0.5 i, Flyback Il FFF3% Q, 7F Flyback |
TFK QKIS TTiE o I SO 4 a7 — A I 90 J
To NI 4 ATAEIXIE, A LA X A A o A
HAEE 33 N DL—HEZS 1—[D]; DLo—REs IV—
[(1-2D)/2]; Diz—#i 4 11—[D]; Da— iz IV—
[(1-2D)/2]-

FRYEIRAS 2 (B P30 TAE S i Ze a4k, B
BEAS 1L 1L 1A Dyy—Dws FI 45 D=0.5 I REGEHITT R
JERME SR, S 1 1. IV I Dy —Dy, AT
D<0.5 B ZGHIH R/ ME SHIAL. il ik 3
135] CCM ZZ S i\ iodi AL & 22 e i DU B T 5% A 39
/B SRR S ) A N B I DX L ) A% s R B G N




(diy ] |- o o -2 Tk
L nL, —+
dt ml R ml L ]
~ Dl o~ m!
di,, 0 -—=2 0 - I
: L nL,, || X 12
dt m2 m2 Lo
o = R 1 o + m2 d
diy, N Lac 0
dqt ! ' f f Vac Im1 + Imz
A l D _i 0 ncf
L dt ] [ nC, nC, C;
iml
[0010]mz ©)
ac
Vac
(s) As’ +Bs+M

It()_ aC 3 2
d(s) s* +Es® +Fs* +Gs+N

(4)

HPZH R, Ry ki koy A, B, E, F, G, M FI N

MIFRIEAIMME R A, Rpy Rpp—— 2 f R I EE
AP Ry Ro——fl14 B ER IREE AP, R——

TE LR R RS R R

R A S A AR 25 FT A O B S B A2
BIFBIRGUEM=IEIA G IO S ASURB S,
AFETEMFARHEA Coy HURSUR M) ST A =R
RS, BARDU R Gy & — AT A
HATE F R LR R TTAEThR,. M
Ji v ADEARBE Vi, FERIGE . 10 DY 3153
B % KA S A WH MRS, BA WA
SHCRRARIRR G T, DRI Z AR o0 A RN 52 21 P2
WA A S BRI

2 RBEEWMSS

IR 1 R SHER, TR 4 PR R
VU B AR AR AL = B A A A A 1] o T 4 AT
O AR R ABh = I R i B0 FE e T, 28 A
Ny PIRRAAE AP R AL A RECRIREE .
FELA PR R T (A9 T 00 R LR, L S A 4 s
FFOC G N, WIS Rk, 580 T
TN, HERESTIOEBE A R E . M=
AR, R — AT e DU AR 2R A S T 22 B 2
8oz, VYRR B TR A . 0 B DB A R
TAERA - PI R AT, IR, HL R e R
{EBK (U0 Po=250W, vg=311V), A7 F 1 % 5 8 5
BB, X RGBSR IR

R1 ARGSH

Tab. 1 System parameters

ZH il
ﬁﬁ*&ﬁﬁ@ Cpv/mF 7.2
J52 R Ling Lin/pH 55
PR CuF 0.345
P& L L/uH 300
AR AL n/ 6.5
FIFHRARE fkHz 57
JR2 HUR AR BR AR LR Ry Rpo/Q 0.15
A1 R R S AP Ry Rea/Q 0.05
PRI AR RSO RIQ 0.29
FL I B A RUE VgV 220
HL ) LR AT fo/HZ 50
X lO5
) S
¥I x 10
1r I : 1 X
| = — — - —
: i/'o SXER— K Q
05f (R W
ER I} 800 -600 -400 -200 0O
[4) |
o L
5 | 163Gis G G G G
g 0r — 189 L R 0
= |
i |
051 [ TS PAW vV D |
: | GuGqg 80 8 0304
: : GG 125 230 0.541
-1r 1 R! Gis Gss 250 311 0615 |
! \ \ \ \
-1 0 1 2 3 4 5
sizi (seconds ™) x10°

Bl 4 DURMRERFD =] A5 20 A i 4 A 1]
Fig. 4 Pole-zero locations for forth-order and third-order models

3 ITHNEIT
3.1 HRAMEH

AR E W E 5 Fros, T LC JE3 R,
RATE 9.66kHz b —1E R &, ML AR {LZ) 180°, %
ZHIAHALAG B oN-149.49° , RGEAFRE . XHR(Q)AS

IOFRFaA A D SR Vey FEMHLE
Vo M EE n A58, PRI 7426096 R R, SR B

PR, B THRE R R 2 42 1 5% L ORAIE P A SR ¢
Fasgth. 1EIFIME f=57kHz, S5 5HE N 15

TAR(L00HZ) 2644 T, Wit PIAMEEE I Es, 5 H bx
N:

D MA M ERT 45°;

2) MR{EH= AT 10dB;

3) WA 5~15 S HAE THIE;

[F]— BRI R, Pe=250W, vg=311V i}, 3T
L= B AR ) 428 1) P % 28 (R B278) G s N
Kp=2.69x 10°, K\=6.1, {FHT 325 R B Mosi 22 4% 2
g b, AMEEEHISR A MAME 57°, IREME
3.4dB, % 1.18kHz. T HEARPYRNALTEY B B8 TH


YBQ
高亮


PI P 33 (E:5)Ge i« ZH0N Kp=1.07x 107, K,=5.6,
TEFH T2 R 2R KRR b, AMEE R HI R
e MALHE 46°, TRIEM & 11.4dB, 798 1.17kHz,
R PRFEWE 5 Fros. ARG B8 RS
A AR EIR &, (HIREMERIG, Po=30W, v4=130V
i, BEEaEEhRERER 2.45dB, T 5 i
EMEN 1.03dB, RGifaEt: N Tl =
AR b B DU A 28 A P T & UL B 22 UK,
M E LS BEGE T RIS EONE, (A
TR IR ZE, HINZERDN, Rz,

50

0

-50

E{H (dB)

-100

-150

-200
360

— HIREAME
—  EREAME

N
N
o

=
©
=]

AL (deg)

©
o

o

Sz (radls)
K5 RGAME R BRI
Fig. 5 Bode plot for the compensated system

3.2 R

@) A 4 AT, Gy /e DU, ARSI T
Flyback | #1 Flyback Il # Fii#% 2 0HH ], PURFMSE AL A7
FEERAATE LR, AT = A B (S L = A Y
Gig AN 7)o SR RIS H 149 8 S AL 0 28 5 BUAFAE 22 5
FEUR AR A DA, R EASERTI AR e
RGN RE RNy, HEE T DY B A kAT P U4 il
weit, ta) M (5) mI 15 HL ISR 2 ) 21 S A Hhe
BN IR IR ZE B I R, I E(6) T o

A, (5) ~ (G'(5) + G"(5))Ad (s) ()
) oLt PP Ll 1) kDL 2D
CA(s) n’C, LGy n’LyLy,LC (6)
Nign0d = AT 2
Ad(s) 53+(D2 L, ! )s
nC, LC;

1, K=Vpy+Vadn: L=1/Lg+1/Lpp: G+ G " ——Flyback
| F1 Flyback 11 %y N\ FELAE S o 23 P AL 3 pR 3. A ifk
PR B ST AT, TE b 2 S ) 3 LR I
F R IS R B, NI 6 BT, U ISR PL%
Hl, ZHCN Ke=0.22x 107, K,=0.36, Z#{55H 0,

SRR W A A N FLR 22 (ipva-ipv2) NEE TN, 28 T
W EAd JPhlEE, Flyback | A& JF% 45t A

(D+d+Ad), Flyback 1l Bt4TF5¢ 5 %2t A (D+d-Ad), d
N HL RIS B A, R AR N
MR ZBHNEIL S5 E S .
33 EMEMTHIFR

CCM %24 S s A2 28 R gy hINEE an 1 6 Fir
INo IESZUR B S A5 5 H oK D)5 i ER ER 45 i 34
MBI EAF ] N TIRS RF PR, 51T
], Feds A RIERQ)THE . AT ST
AU LA BT Eh s B R OE, P I AE

Ge_i IRAE X () BRI R it o Edfidz bl e _Bik
TR EREATRON, PGS G i N(6) B it

|dac

NVoy +[V |
Kl 6 CCM s s\ s A2 ds 2 48 il HE P

Fig. 6 Control diagram of CCM interleaved flyback microinverter

4 SLIGEER

WA 7 iR, AL T CCM 284 S IR i
AR SLIRFENL, BUE D)ZN 250W, B 2% SOAL e ds
BKIIZ Y 125W, BiE D3R IS ATH RGHH 94.5%.
ARG EH ot K STM32F207VET6, JGAR4L: ok
fRIEALZE Agilent E4360A 0E, HiAmHEE, BN Vpy
Ju Ay 20~45V, Szl Flyback | A1 Flyback 11 25 [ 252
K 3, HihRZASHIE 1.

K7 CCM ZZhf SO IR ol A2 S Bl
Fig. 7 Prototype of CCM interleaved flyback micro-inverter
*3 BEHSH
Tab. 3 Transformer parameters

ZH e

JRIH B Logs Lino/pH 54.9. 57.4
J i R IR A R P Ry Rpal 0.15. 0.18
Il U BRSO HUPE R . Reo/Q 0.051. 0.085

8 A ST B AR 4 4 tH D) 26 Po=250W I
(14 O L Y0 R 2 T8 e 2 i PR T o RO i A
i HUE vy NIESZ PR, RGN 37.4V, Jf
W IR 1.6A, i BRI 310V, THD N


YBQ
高亮


2.37%, FFEHMEsKR,

& 9 &y Flyback | £ Flyback Il #%[f] 180° PWM 13
SR FE R ALY . tHE AT, RO Qo Al
Qo LLETF K AR 5 T4, CCM BT, TP
WIN bR R IR A S N IR RIE, O AR A AR
AR EIT R RIS 7 A S R

A/vﬂ\(zsov/H'r)
AN /"‘\/’\ /"* /"\ ’~ /”\ /"'\ /\ f\ 71

\/
'/.\ Avg(%wﬂ% %{ lac(2 A/if%)/'\ “/-\
/Y VY VY V%
1(10ms/H%)
B8 Jf I FLIALAT S A 4 s 1 i T (P =250W)
Fig. 8 Waveforms for micro-inverter’s output current and flyback

converter’s output voltage (P,=250W)
P e -—I‘/PNW-MI(]’QL//*%)W

)

o H oot Ll —— Rt
T M,FWMz(”mV/ifﬁj‘:: o e

E) AR P e T ) L S R PR B IARE S SV,

/lml(lvﬂg“ T2

VY fi%wﬁ KMV - /ww

1(20us/t%)

K9 PWM 155 RAE IR Y
Fig. 9 Waveforms of PWM and primary sampling current

Bl 10(a)(b) Ay A g A i) R X B IR B T I
H IR P=120W. WEFTR, N7 ATEE#k A, S04
R RE T RIIX, EFparm A, HHEk
25 81| I 3 X IR THD N 5.65%,  [R]$283254% il ) 94 e
Uit THD N 7.34%, B T[4 M B EaE T 3l d8
SHAFE R, [ABETEH = AL B B, JUILAE
o SAL ARG SR IR R, SR RS ER
B, /Nt o il f 22 BH J2.

Bl 11 i A SR S Flyback | F1 Flyback
I RAE B f5 1 B a0 rERE T o SBJTRL 28 il T — 0
fEAHZZ) 0.3V, Flyback | 5 R EER, IIANIRE
HilfE, HUEEMZEL 0.1V, fWMZE/N.

s, Lac(S00MA/H%) ey Py Ly
./\ § ;*/\ \ 3 N oy
y “v\ W ”\« L4 i hd "\ i
' { ¥ K YA
Nl Mo \‘w” L \¢
1(10ms/H%)
(a) TalHv:
A Iao(S00mA/KE) P 1™ w‘"\
Y N /NN
D ..... A/’A/ﬂ’h VVVVV "' ..... ‘....f,.v.it..v./
\ \ A\
\Wﬁl \V/ \!V// \\ B ol
1(10ms/H%)
(o) HZL

K10 PIAR AP ] I 2R Gt ) UL (Po=120W)
Fig. 10 Output current for the two modeling and control
methods(P,=120W)

‘/iml(l_V/m)

/zmz(wMﬁ)

H(4ms/H%)

() ISzl an
‘/l.ml(l\://*g)

‘/imz(l‘ /*ﬁ)

H(4ms/t%)

(b) IS
P11 std il i SRl s

Fig. 11 Waveforms for primary current before and after current
sharing control

5 #5ip

AT CCM - A2 S s il AR 2 E AT B A4 DU i
A, TR A A G DL, R DU LE B
BRI B S IO AR s B Y, A DY A 2 s
A N 1 5 o0 ERL R 338 R 8 AR AT T R
BT . B = BT B A9 B A I R L 1 4R
AL 2248 I B AR 25 R e b, AMEJE IREA
=< (TSP B N (TR 5N N i 'l 1= D8 SN
TR G B RE A AR AT BT T I FRLAL PR 428 1 SR
G T T RAFROIE IR, RIS S s i 4%
B T HT R SR e 2 s e SR A SO AN T
BB TR A BT 32 CCM A2 R aint
WARZRHV R TERE, B SEhRE

(&3 3ik]
[11 bk, B, 305, & SADCRIF SR S B SRR RBT AL []. K

FH B8 2+4%. 2012, 33(3): 485-493.

Zhou Lin, Feng Yu, Guo Ke, et al. Research on Modeling and Control

Strategy for Single-Phase Photovoltaic Grid-Connected Inverter[J]. Acta

Energiae Solaris Sinica, 2012, 33(3): 485-493.

[21 kA, MR, SRR, A PAHDGRERIEARAR SRR

Ae2A9R. 2012, 33(S1): 167-174.

RN KM

Zhang Mao, Hao Xiaofei, Zhang Wei, et al. A Review and Study on
Module Integrated Converter for PV System[J]. Acta Energiae Solaris
Sinica, 2012, 33(S1): 167-174.

[3] Kjaer S B, Pedersen J K, Blaabjerg F. A review of single-phase
grid-connected inverters for photovoltaic modules[J].  Industry
Applications, IEEE Transactions on, 2005, 41(5): 1292-1306.

[4] Li Y, Oruganti R. A low cost flyback CCM inverter for AC module
application[J]. Power Electronics, |IEEE Transactions on, 2012, 27(3):
1295-1303.

[5] Kim Y H,Ji Y H, KimJ G, et al. A new control strategy for improving



(6]

[’

(8]

[9]

[10]

weighted efficiency in photovoltaic AC module-type interleaved flyback
inverters[J]. Power Electronics, IEEE Transactions on, 2013, 28(6):
2688-2699.

TR, RAAk, BREME, S S ROMEOLRIE RO A 2 4 ]
AR SEP]. B TEOR SR, 2013, 28(5): 142-147.

ZHANG Fengge, ZHU Shilu, YIN Xiaoju, et al. Controller Design of
Grid-Connected Microinverter Based on Interleaved Flyback Structure[J].
Transactions of China Electrotechnical Society, 2013, 28(5): 142-147.
PR, KT, FEERYE, S FETRBCEELE 1052050 DC/IAC Wi dE
[3]. B TH AR, 2006, 21(3): 89-93.

SUN Lin, LIANG Yongchun, GONG Chunying, et al. Research on
Single-Stage Inverter Based on the Flyback Converter [J]. Transactions of
China Electrotechnical Society, 2006, 21(3): 89-93.

Viswanathan K, Oruganti R, Srinivasan D. A novel tri-state boost converter
with fast dynamics[J]. Power Electronics, IEEE Transactions on, 2002,
17(5): 677-683.

Terashi H, Cohen I, Ninomiya T. Stability and dynamic response
improvement of flyback DC-DC converter by a novel control
scheme[C]//Applied Power Electronics Conference and Exposition, 2002.
APEC 2002. Seventeenth Annual IEEE. IEEE, 2002, 1: 389-394.

Edwin F F, Xiao W, Khadkikar V. Dynamic Modeling and Control of
PV  Power

Interleaved Flyback Module Integrated Converter for

Applications[J]. IEEE Transactions on Industrial Electronics, 2014, 61(3):

[11]

[12]

[13]

[14]

[15]

1377-1388.

He X F, Zhang Z, Li X. An optimal control method for photovoltaic
grid-connected interleaved flyback micro-inverters to achieve high
efficiency in wide load range[C]//Power Electronics and Motion Control
Conference (IPEMC), 2012 7th International. IEEE, 2012, 2: 1429-1433.
Hu H, Harb S, Kutkut N H, et al. A single-stage microinverter without
using eletrolytic capacitors[J]. Power Electronics, IEEE Transactions on,
2013, 28(6): 2677-2687.

i, Bz, ARGEIS. e e J rR IR S 5 3 AT 32 AT AR UG
DC/DC HiL B @RI S kiR [3]. I AL 224, 2006, 26(5):
64-69.
MA Hao, MAO Xinyun, XU Dehong. Modeling and Parameter
Identification of DC/DC Converters in Both CCM and DCM Mode[J].
Proceedings of the CSEE, 2006, 26(5): 64-69.

Trujillo Rodriguez C, Velasco de la Fuente D, Garcera G, et al.
Reconfigurable control scheme for a PV microinverter working in both
grid-connected and island modes[J]. Industrial Electronics, IEEE
Transactions on, 2013, 60(4): 1582-1595.

Zhang J, Huang X, Wu X, et al. A high efficiency flyback converter with
new active clamp technique[J]. Power Electronics, IEEE Transactions on,

2010, 25(7): 1775-1785.

[FfR]
I+
—__m m2 (7)
nL,C
— le' kZD' _(Im1+|m2)(i+& (8)
anlLfo anZLfo anCf Lml Lm2
__ kR)D’ KRD' (I + 1n2)RiR, ©)
anleZLfo anleZLfo anleZLfo
R R R
E=—14+2 _t (10)
I-ml LmZ Lf
R.R R R.R 2 2
F:12+Rif+2f 2D +2D +1 (11)
Lulme  Lmls  Luoke n°L,Cp n°L,Cp LGy
_ D'Z(Rl +Ry) it D* R D* R R R, RiR;R; (12)
N?Lyy LaC N’LylCy  n’L,LCr  LyliCr  LLCr  Lyly,Ly
1 R
_DR(R+R)  RR, . Ry+D'SL  (D>05)
- n
nszleZLfo Lo Lo L C R, = R (14)
Ru-D'=%  (D<05)



R \Y/ R
R, +D'2 (D>05) Ky =Vpy + =25+ 1, (5 = Ry,y) (16)

n n n

Rz = R (15) v R
Rpe=D'—5* (D <05) Ko =Voy + =2+ o (5 = Ry2) (7)

Modeling and Control of Photovoltaic Grid-connected Interleaved Flyback
Micro-inverter on CCM Operation

Yang Jian, Ruan Xuan, Sun Yao, Zhang Pengfei, Dong Mi

(School of Information Science and Engineering, Central South University, Changsha 410083, Hunan Province, China)

ABSTRACT: The overall fourth-order model of the interleaved flyback micro-inverter operating in continuous conduction mode
(CCM) is established to analyze the pole-zero locations, and then design the controllers. Compared with the existing indirect design
method based on the model of a single flyback micro-inverter, the proposed method could more accurately reflect the right-half-plane
(RHP) zero locations in the inverter’s control-to-output-current transfer function. As a result, the control precision and effectiveness
is improved, and the control deviation is reduced, as well as the load imbalance caused by the parameters differences. So the
performance of the whole system is improved. A 250-W micro-inverter prototype is built to verify the effectiveness of the proposed
modeling and control approaches.
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