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Abstract: In recent years, the use of microinverters has received a lot of attention as one of the viable methods
for residential and commercial PV power conversion systems. Flyback inverters operating in current continuous
conduction mode (CCM) have been widely studied for their low output ripple current, high efficiency, and low
cost. However, its control duty cycle to output current transfer function has right-half-plane (RHP) zeros, which
may cause system instability when the inverter is combined with a high-gain feedback controller. In addition,
flyback CCM inverters are subject to grid time-varying voltage disturbances. As a result, the conventional control
scheme leads to inaccurate output tracking. An interleaved flyback CCM microinverter iterative learning control
(ILC) method was proposed to help the system output converge to the reference trajectory by utilizing the
prediction term and the current learning term. Compared with the traditional PI control scheme, the system output
globally converges to the reference trajectory without state disturbance, output noise and initial state error.

Key words: microinverter; current continuous conduction mode (CCMD ;right-half-plane (RHP) zero; iterative

learning control (ILC)

MY, RE BRI A AL A BRI 32, 0L RN SCBUR (SRR, ORI S R R ik
HdE e A RIS A AR IR R R, K g, DIODSAR AR R RE IR S AR DG 7l 7R 3K
JIR T RE IR, b A Re IR e R IR ECR EEA )W LA E, TAEE R
AT HFEL K LSRR . BB R & R L 7 g AR H R U8 12 15 Jr R 7 A5 AF R Y K HL AR
EWA P E L ERE RS (2023M732412)

EH RN Pk 2 (1973—) 9 i, W g TR, 2 N 2B =i B B2 1T E M5 A Bk ST L 7 R G5 26 T4
Email:Wts_007@126.com

BIRAEE BltE(2001—), 93 WU WFE AR, BT )5 1) AR g & L B el ) R 8 (L ) REGEH LK,
Email:ts23230030a31tm @cumt.edu.cn

56



ARk A 4 3 BB X COM #3551 M 42 ) s T

WA AR 20255F H554 F ol

B LA TE I % 2% 7 A SRR ]
A D) R L T B S ARG A, TEDGAR I & e R e vh
FFE) T Tz A R TE R,

T R SGAR A i R )38 AR (maxi-
mum power point tracking, MPPT) | & &% K 1%
A A A i R HL U B B SRR, AT & AT T
KA ST, LA B &l ny 1028 88 90 M0, K
o T S U R A R 7 A PR g R 42 ) T
BB LA R [ A ) L I R 2 AR T e
AW T B RIT S 22—,

F AR g% T EAE AN [ ) S A TR
TAE - A% 22 538 453X (discontinuous conduction
mode, DCM ) A1 1% 2E 5 £ X, (continuous conduc-
tion mode, CCM) . 4 T-/EFE DCM ARZS T, 30628 2%
i A B A% 3k RBCR R R
HL U 4R FE AT B, B DCMUARZS T PR g
HAB SRR IE T, AR T RGN 5 HaL
8 [R) A o IR A A BT Pl T R S R T T
RN, AL T DCM AR, R AR % T
YEAE COM ARZS I BAT HL T ) /s R 3803 i
i A BT R AR SR, COMURZS
A B A A% 3 e RCR A A R T
(right-half-plane, RHP) 2, FRR ] T £ 4t 19 m 52 81
A 98 oAb AR AR AN TR, RHP 2 A
EAEARRTEE N AR, P, 2 o 10 25 PR 3] 4
P OLT RHP A X g il d Y e ik 1 1A
M BRI T SOt COM i 22 25 1Y SEBR I -

YRR R TR, SCHR12]5% HIAR SE Y Pl
FE A% (H CCM P8 A7 21 (RHP) % i 23X 45
il ZR 58 A 8 i 7 A BIR A (o A 42 ) 48 2 1 BEAS
f, FECOE R B BB IR LI . 3
HIR[13 2R H EL i 9% (PROF& ] 2% , PR 42 1 4 BT
SEF TR B AR AU 22 1T 2 TS RN L E
I SR 72 Al IR ) 8 50 I 12 42 T 4 1) J) R 22
— A, PREEHI G 7 — DX B AR
B YL AT AR AR U LA KB A 5 v AR
BT B AT ENE

A SCHE AT HE S TAETE CCMIRA F 1Y S i
WA R AR LAV YA | TR 3 T B AR
¢ >] (TLC) il e o 1) SR04 1 2 ~] 9ok
5 B 0 Fe g BRER DR 2E WS e TR
A AN ZE T, PRIIE T 5 S8 AR E PEFIT I
HL I 14 L BB B £

1 RS XA S R E

11 RS EREHEN

P 1 o S S i i AR g g # 4 h B
SR S5 TR B e e TS AR A7 Al
CLUEWEAS o DGR R ORI 2l
S e e R A T2 R U A R S, 4 L
K 1L A8 Sk g AT 5 O e o A Y DB D
A FL R R B B B S A A B B IE KRR

PLTEAHL K
R A B
ik Bk
ivl .q lls', is
N N
g 36 NS
N of |isgy R A e

L,

AU

e 5

Qy Qy

B A5 I OB 25 B4
Fig.1 Topology diagram of interleaved flyback micro inverter

1.2 RBFETRESSWN

FH TP % S R 4 A S R 0T B, L T AR S
se A AR AT IR S{E 5 B2 180°1, 2 1 fajfk
ST, R o — i FESE E R OCHR T,
U 3 AR e 0 AR O 20 AN i 2 Tl AR X
(DCM) FIiE S F il A (CCM) .

TE DCMURZS T, B NI SC T I TN ditad A8 Fs
I R R REAL FL L i, AR R AR R AR T AR
fi , W 2 i

s | CCM

P g S N R e

t

K12 DCM AT CCMARZS T iy FBHIB A
Fig.2 Key waveforms in DCM and CCM

PSS, T, WG 4G R L,
fittfie , Felg (HAR R A

57



B AR 20255F 554 ol

ok A 4 S RO X COM 3£ 7 25 51 M 42 4l ok 52

Viy

Ip—pk—DCM (t):TDDCNI ()T, (1)

A Dy I TAETE DCMURZS T HY 525 EE 5 Vi
JCARAF L P 3 {H
BRI R TP Y BE R B,

: [ Vo Do (TP
EL.n=5Lm]pz—pk-nc,w(t)=% 2

TR BEA % B AL A% A HAFE , AR D) -7
FEAT :

VPV[P\’z%zpu (3)

Vool ()= v, ()i, (t)=V, I sin*(wt)  (4)
K Ly AOCIR AT 1 s, 70900 S FL I
P, R R 0 FEL S I IR B A5 VL 1, 0 ) R o, T 1Y)
W AR 5 P, A ~F- X0 fi o D 238 5 1 A A0 R A0 v - 1
1HL 3 o0 A7 HL I FEL S 1) 0
WRAE JERGFE, MIAEAATE L, e &=
SR MEEE . R (2)~K(4),Dy,
Al LAHES

2
Dyey (2) = T,V P,L, f. lsin(wt )l (5)

o f NP IR
FECCMURAS TR, FK S, 538 WA RDG AR 4 44
HP FE R Lt o Dl e PR L, R i X R B 5 S,
KW A TR]  Jah R PR L, i A ) i A s BRI i
T L, 79 2 14) FEL RS2 55 A S, X U 309 1) i 1 PR
R4 R0 S HE, CCMUIRZS T A9 (5 %5 HE Dy 7T
A5
Doy (1) = V. Isin(wt)l 6)
~ NV, + V Isin(wt)l
Ao N oA g RIS TR ) LB
1.3 EX IR s
G A A — A HA B AR R R A
PERGE . I TAE S/ MBI AR 4, 7T LKy
HOE RN — RN ARG, T T
], 1 5 H — 415 g T 000 A X 0L A A% 3 bR
B PR N EAE R E] T 00T AR e e R
T A BR B E
557 g TAEAE DCMARZS B, 45 il S A £
H HL A A AL 3 PRI TT LA R K

Viv | P,
Gi:l—ncM(S):7 2. f (7)

2 VI P A R
T LA 5 DOM AR 433 56 0 — A7 1 03
58

RN HEEA B/MEM R 25 . 0 T A Pk
B2 2% BRI ABTT PR BE , DCM T30 F 75 2L ]
R B Y R R A

CCM H Iz 47 1Y % 0 25 10 A% 328 R 2 RT LA 360K
W AR

G (5)= As’+Bs+C %)
“ S (RwC, L)+ sL, + D¢y Ry
Hrp
[Lm
A== R C,L,
B:—%w,umqf £WMWH+%A
cz—Daﬁw5ﬂ+l_D“Mwg+lﬁ—DmMmRm
N N N

(9)

P, O U I T e DAl E R P R A
Ui s Ry FCAR A A58 BEL

M (8) Ay A% 3k pR B R LA OWL EE F
Gi-con (s) BA RHP A5, 1% RHP 2 g 0 15 458
Tl i B 18 G T 24 TR A R GE RS E K
AN BT RHP 2 i MU BE 22 48 AR 2 Ak,
R /IME ) BEAE 5 R Ty 384 i Pk ) P, 190 P,
(ELRRF T o 30828 g A 42 ol 45 LT 06 3% Ay AR
X B B R G AR AR

3R TR HIRA P AN A L 45 4 1%
48 PLE I ) AMEE R GE RO BRR I, i JH 2 8k
V7R o il a5 64 LA 384 45 107 5 AER , 36 2 X 1o
T fr /N RHP 2 i B R o X A5 S X
AR A 5 0k BRI 2 2 HL IAD T4 o] P R R R
TR T iR DRI A R A — 7 k2 4
PEil g B LU 25 o SR, i T R G g X
RHP 2 55 A FR A, 385 0047 o 46 1) L9110 4 25 3

F1 REX CCMFELRSEIER
Tab.1 Parameter indicators of flyback CCM inverter

e S8 28 ZHUH
FEOAFER f, 50 kHz LS C,, 7.2 mF
L FE Y, 220V *%ﬁé’?m 28 uH
HL A £ 50 Hz A I L, 0.1 wH

EREmEN 6 |misbdc  01uF
o 3% 4 'f)ﬂ»uﬂﬁi&%ﬁ

HithIIR P, 200 W AL L Ry, 0.1Q

AR Vpy 45V TR {0 5 95 LUK L 5mH
PRI 10 Do A 1 3 b, S 050

SERCBH Ry GHOBHLR,,




ARk A 4 3 BB X COM #3551 M 42 ) s T

WA AR 20255F H554 F ol

AR B 2R G4 4 BEZ B0, DT 3 A 3R 58
AFERE o L, e BT R los A8 48 45 1l R 4t
R, DR IE 1 1Y) PLS il 5 3 i AN 25 2 — 4>
P

80
m or = % uncompensated
S 40 -
= 20 K,=0.36
= K,=0.18
0 - =
=20 - " -
10 10° 10 10°
5
10(5) unccmpensa{ted
360
= K.=0.36 |
= 315 ’i\
E 270 = L;q_,__:_
225 K=0.18 b
180 - e S
10° 10° 10° 10°

fl(rad-s™)
3 f&5e PLEE il A R gE R 1R
Fig.3 Bode diagram of compensation system

for traditional PI controller
2 ILC#ERFHE

21 EREXCCMiEIETHEE

Rl = | A SO A I iy
HIAL T B -

1) I 738 460 2 114) FF 001 23 38 32 5 T HL )
R PR I AL P L A — 4 G SR B P AT AR A
L 1) LI HL

2) TAE #5348 RS I 3R 45 991 09 % ki o el
L P — X ok Ao oy LR 2 L

3R T MRS P REF TH R
) s A 1 R

4) AR AL vT DL AR 55 R BH HR Y 40 B
Tt LRI, 76 SCHR[ 161 R SCHR[17]H B 2% Hotk A7
T HRE,

& 425 T Rt COM 3 75 2% (1% 35 35 AR 45
R 2

B4 ik COM s 2R3540 v i
Fig.4 Equivalent circuit of flyback CCM inverter

BRI TF I JE ), A 2R R R L TR AR
U5 T AT LA 21 RS I 5 J 1) A A AR 28 5 1) Oy
U F AR -

r 0 Ry Ry 1]
di 0 o
ha () | M., ML,
de
dv(lin (t ) 0 — 1 0 0 Uim (t )
dt _ RiCi, Ve, (1) +
diu(‘) & 0 _Rc[ + R]_[ i iLf(t)
de NL; L L Ve (1)
dv (1) 1 1
— 0 -— 0
Lode d e, C, |
(R 1 R 1
N L NL, NL,
Loy o0 o |0
¢ Ve (1)
p ) d(t)+
1y (1t
=0 0 of"
NI, v (1)
1
— 0 0 0
| NL, ]
0 0]
1
0
Ry (C [VP\':i
. v
L,
L 0 0
= Ax(t)+ Bx(t)u, () + Eo(t)
(10)
U (1)
Ve (1)
y)=[0 0 1 0] =Cx(t) (11)
i (1)
Uer (t )

K :d() h CCMARET B G s 2(0),u. (1),
y ()53 AR S 1 s il A i o
22 ILCH#EHI%R R
K RAERT 0] Ry AT 0 1 [0 BRPE 7 % bk
TR T E ol . A flak)]=AT-Ax(k),
Glx(k)|=AT-B-x(k),d(k)=AT-E-v(k),H = C,
M= (10) (1) ATFRIR R 2250 T
x(k+D)=x(k)+f[x(k)]+G[x(k)]u. (k)+d(k)
=x(k)+AT-A-x(k)+ AT-B-x(k)-u (k)+
AT-E-v(k)
(12)
y(k)= Cx(k)= Hx(k) (13)
&5 4R 1 g 4R RS R E .
TR A AR T R FR G S R SR
59



B AR 20255F 554 ol

ok A 4 S RO X COM 3£ 7 25 51 M 42 4l ok 52

P+ o e k) St WG

CCMishi7ZE 2%

u, (k)

6]
NV R+, (B

5 ORI ILC 42 e 2t

Fig.5 Proposed ILC controller structure
T L R R B o 2 LR 2

{1528 B ) 8w, () D155 25 LT B o
wy (B) PATHE A w, (), FoopA i 2z i) =
wy (k) = w, (k) BN g 2R 25 F 40 5 90 75 1 i A
w, (b VEZERERR 1R S BRI, FL BRI 5 25 Lol
bl B B A B AT LA
w(k+ 1)=x(k)+f[x(k) ]+ G x(k) u(k)+B(k)

(14)

y(k)= Hx(k)+ v (k) (15)

A h B k) K R 58 2 P SR R S 3
() o I 5w (k) 9 TLC (A

ot T 0 I e A5 2, Pl A e
VAR o BB 2 ) ) 4 e P e R
WL, ROk, 0 B AT 0.00) rf
JELIh T T AT S5 . BRI, BT A PR 26 G A
HEIE s

x(k+1V)=x,(k)+ f[x(k)]+

Glx (k) u(k)+B.(k) (16

y: (k)= Hx,(k)+ v, (k) (17)

e AR B (B, (), . (k) B (k),

v, (k)4 3585 d AR N (RS A i IR A |

I RS Sh AR R ke [ L Y
AR A B B B R 225

TR, R COM A 31 3 25 7 Pt
(16) AL (1736 12 LA T AL -

PEIT 1 B8 B, (k), v, (k) H 0,1LC )7 R ) 5
TP AT R TSy, (), T AR
wy(k+ 1) =2, (k) +f [5,(k) ]+ G [, (k)]u, (k)

(18)
¥ (k)= Hx, (k) (19)

VER 22 S [ (k) 11 G, (k) 1% T 454
x, (k)i 2 4 SR R 75 2R A

VR 32 BRALS [, (k)], G [, (k) | B H AT
(9, B0 |l L (k) 1| <0 || 6 T () 1| < b NN < B,
60

Horbrbg, b Fby N IE R EL
BT 0 300 AR 2% i 4 ] A 2 e i AR
a0 R R R 2 R BA AR S . SR, TE IR
CCM 39 AR #5% rf J fill 28] i 3 F 90 140 4% 328 BRI ERCTE s
SETH AT E A R A 1% RHP R SRR T &
GER AT S BT T, B G R i O BRI
2 R ERVERE . b T B R G Y i R R
REJT RN TPRRE ST, A SCHRE 9 TLC 2 i 0 12
.., (k)=(1=X)u, (k)*L, (k)e,(k+ 1)+ L,(k)e,., (k)
(20)

T4 A e (k) = 3, (k) =y, (k) Syl
PR AR 2 5 Ly (k) 1 Ly (k) S5 (|2, ()| < by,

L

|2, (k)| < byl ST HERS R by, > 0,b1, > 034
WE o<A<l Wk s W F 5 1-2A)u, (k) +
Ly (kYe, (k + 1) T S99 5 Ly (e, (k) Hy H
By 14 B R S A 2 1 S B ST I
23 REREEHAR

V6 %5 4 T TR V11 50 B I i COM i 2
SRR PRI . MPPT 5 57 FH 3 Bl 5
K R 30 o DI R P PR 75t 7 I S B 8
F FRL 3 2 R AR 00 ) AT B, 22 L FE R
JF5 1415 0 O R (S v % B e
I A8 T IR AR 4 VG A A 43 2
H BN — 0, £ 0015 90 8 1 T 3 R, B
DR IE B AR, PRI, ZEF VR A e ]
U ASRLIE P A 4 B 3 I TR A ) — e

in X D,

Ko iRyt
Fig.6 Overall control block diagram

BT i kAR 2E ST B R g T RO
CCM ¥ AR 2R B, 25 8 = 25 e sl | BPIE I 2 &R
GEAFAEARZS B G 0 R e 7 R U R AR 2
BF,ya (b)) =y (k) B 22 A A . R X RS
TP W7 RN AR IR AR R 22 AN AR B2 0 Y BR
ERR2ZEUSI R % .

FPRAUE y, (k) =y, (k) Be & A7 7, B B AR E
ZGAF R T T A9 RHP 2 5540 06 2 LR Wesh
Ak

(1= M) = L, (k)-HG [ % (k))||<p <1 (21)

Hrp



ARk A 4 3 BB X COM #3551 M 42 ) s T

WA 20255 554K Fo

Rein,iAT
HG[ %, (k)] Z_T
Ko itz

R T IR A T AR PRSP Bl i L
IR I LR IR A R 22 (0 e M st s I ke
BUN—AS /NI IE R, 2 A wl /N CIRES I3 i
o) M R N B RS TR 2E I AEFE S RGN
FaE . 75— 7, BRI MEK B KRS
PREFIRZE . PIUL, FEIEEE A B, 75 B4 ILC (6 i
PR R P e 2 AT AU . A T R R
CCM 33 75 25 1) BRI R B 380 DR 1 I BE PR /N
B, i, A T B H s X COM 3t A5 25 19 52 B
BEEBE, — BB T, 4 A/NTF0.01 5, 1LC &
GG ARRE

3 45 ALEBRIE

R T IR TR Ak AR 2R S FE R (ILC) Jr %8
BRI AT e, 1 500 Matlab 50 0F 3647 T &, SR
Jo #7200 WY SEER I 6 an i 7 s
OB B IEACES ) o J2 56 JR A 38 1 G
SRR 1, FEHIE D TECH 5 S A s
(DSP) (4 il A e 4 v G i, Herb S B 3
it R AR BT fg

E7 it COM A8 g se i 7
Fig.7 Flyback CCM inverter experimental platform

1 8 &1 9 73 3l Ay 2R A% e 1) PLAZS il 245 I iy
IR 200 W AT 120 W I ) L 3 &% THD {5
B . Y T E K 200 W, 0648 g8 TAEAE
CCMIRZS , FF M H 3t THD A 2.77% ; Bifi 35 % M 2h
g/, WA g A DCM 5 CCM RS TARIRZS,
FE LY THD 3800k 5.38% ., it 25 i H o R ik
— B RAIG, ARG 5 2 E A DCM TARRES I
P LY THD K i — 2D B . AR SCHT i 9 TLC 42
il 77 28 2 DA A8 5 TAETE COMUARAS T #E 17 2 AR
R, % TRARE T AL 2t A
DCM RS T H R i AR 4 8% COM TAR RS AR IS
G100 W LR B/ N335, A SO R HURAS

AL
400 AN 2.0
2oalA K KR IR AR TR AR
ool U

< I T L A A R Y P
N RV RVATE VAR R TR
BN ETRVETRVEVRVRVRVRVEY S

Tsol - VLM YE Y Y WYY Y
~200 -2.0

0.20 0.24 0.28 0.32 0.36 0.40
t/s

Fundamental(50 Hz=2.479, THD=2.77%)

IR R A 43 L)
© o o o ~

0 100 200 300 400 500 600 700 800 9001 000
f/Hz

8 SR PIAE il FLA 1 )23 4y 200 W IR I [9 HL3E 55 THD
Fig.8 Grid connected current and THD when using

PI controller and output power of 200 W

400 7 2.0

300( VAT T T T (LS
I P O O L A

g A A A A A A
S ANAnANANANANANANANAN SR
N EVEVEVAVEVEVAVEVAVEY A
o /L
g IR VR VL VLV VRV RV
-400 -2.0

0.20 0.24 0.28 0.32 0.36 0.40

t/s
Fundamental(50 Hz=1.469,THD=5.38%)

TRAE R A 53 1)
o o o o ~

S v B > » o

1
0 100 200 300 400 500 600 700 800 9001 000
f/Hz

B9 SR PLAE I # FLAA H 20 120 W I I LIS THD
Fig.9 Grid connected current and THD when using

PI controller and output power of 120 W
110 & 1153531020 2R BT HE 1) TLC 4561 24
I R 200 WA 120 W H 37 B2 THD
D5 FLWY o M D)%k 200 W, 39648 8% T4
TE CCMURZS , IF M L 3 THD 4 2.03% , #H# T
S5 PLZ ) g I I H 37 THD FEAS T 0.74% ; i 25 i
RN, AR 2R UEA DCM 5 CCM IR A& TAE
ARAS I L THD 341K 4.07% , M3 T 15 52
PLAE 2851 0 B 3 THD A T 1.31%.
&1 12 FE 13 S 3 2030 120 W AT 200 W
17 0T I P9 b R 5 0 L 3 ) S SR I o 2l
FH PLFs il st i 1 00 5 X el i LA — 2 2R L
SR, 5 FH Tt 04 TLC #2857 22 0, i 1 O
WA AR T R, T ELSC L T R A TR A
FAL G PLEE 2% , 5 9 i i LA I THD
61



wAEF 2025F F55K FoH PR A5 A RUE K COM i T B 5F M 35 4) ek AT 50

W0r—Tpr— 1T T 1 1T T 1% 04 Fundamental(50 Hz=2.438, THD=2.03%)

SO R CA A A A R AR S

e A A TR
S A A A A A A A (AP
N ol LV U s & 02

SRRV EVEVEVEVEVEVEVEY -
L

-4000 0.24 0.28 / 0.32 036 0.4"02‘0 075100 200 300 40(;‘/51;);) 600 700 800 900 1 000

B0 SR ILC A & it 20 45 200 W I FF RIS THD
Fig.10  Grid connected current and THD when using ILC controller and output power of 200 W

00— 71— 17 17 1 1 T T 1?9 _ Fundamental(50 Hz=1.457, THD=4.07%)
poe L 720 OO g 20

o A A P
S ANANANANANANANANAN AN FSIPIE-
SR RVAVAVAVEVEVEVEVAVRY VI IRT

i o

ool VLV VEVE T VEVE Vs E

-400 -2.0 0 TRy

0.20 0.24 0.28 e 0.32 0.36 0.40 0 100 200 300 400f/51_(l);) 600 700 800 9001 000

BT SR ILC A i 204 120 W IF RIS THD

Fig.11  Grid connected current and THD when using ILC controller and output power of 120 W

NSNS AN N VN

¢

VIV (320 V/#)
i/A(2 A/HE)
V,/V(320 V/48)

/A2 AJKE)

i

t/ms(10 ms/F&) t/ms(10 ms/#)
3.5¢F Fundamental(50 Hz=1.29,THD=5.58%) 20l Fundamental(50 Hz=1.446,THD=4.31%)
23.0 = 232-
Ros K18
i 2.0 T 14t
= =2t
gis =
B | S04 |
= 0.5F =04r
0Ll u i | I " || teals 0‘% [_a il | I | I
0 100 200 3()0 400 500 600 700 800 9001 000 0 100 200 300 400 500 600 700 800 9001 000
f/Hz f/Hz
()Pl £ (b)IL CH il 2

[#12 Sy 120 W RS2 ER I

Fig.12  Experimental waveforms when output power is 120 W

N\ LA AN LN A A
YN NN

ACAAAA
4 \,/ AVARR VAR R

Iy

V./V(320 V/H)
i/A(2 Aﬂ%)
V,/V(320 V/H&)

/A(2 A/%)

t/ms(10 ms/f&) t/ms(10 ms/4&)
1.4+ Fundamental(50 Hz=1.735,THD=3.05%) 0.7F Fundamental(50 Hz=1.784, THD=2.33%)
21| 505
&0} RO0.6f
iy Z0.4
= 0.8 i
0.6 & 03}
0.4 Z0.2r
B2} | Eoap
0 0 100 200 300 400 500 600 700 800 9001 000 0 0 100 200 300 400 500 600 700 800 9001 000
f/Hz f/Hz
(a)Pmﬂ%'J (b)IL CH il
F13 Hii a4 200 W I S280 3 E
Fig.13  Experimental waveforms when output power is 200 W
. i ILC Pl 7 58 o St COM i 8 2 B AT Hi 1
4 ZEw

EE AL/ «xﬁl%m JRARAF R AR fﬁﬁiﬂﬁﬁ
RSP T — PSSR G COM i A ATl 3 ) 2 B TR S o (H el T
62



ARk A 4 3 BB X COM #3551 M 42 ) s T

WA AR 20255F H554 F ol

73 P B R F O B £ 128 PR B AE RHP 2 1, A7
AR d/ AL 1T ELid 52 51 R ) F s i A8 3 3
AIRZ IR o A% 5T % 1l 5 58 5 Bk Hh L B A
HER , O 1 A o o R 2 A o ] e 1
AT COM AR g rf 4R H T —Fh ST
IR L~ ~) R A > Pl %, (i 1 R 1R
We S 3 2, I AR L YRR 3 T 4 o
vo D5 ECASLERAE SRR, B i i i 42 il 4 i
RO A B AR Gt ER R R L T RE A R G
H R ER IR 22 4 SRR BB & o AR SC R EER B
AR AR CCM BT A4 - 190 2 il S s HE A7 Bk,
Xof K 22 118 COMIARRE S U 2 0 A s S
FH AL IR A A2 E P 1) R R A TR A F
G, AT RAE N SR St 5T 1) o

S5 30k

(1] Bkt “3060” BUMH 5t T REVR 22 R BLARLT]. BRAC Tk 223

HF Bk ,2023,13(6) :195-196,199.
CHEN Zhihua. Current situation of energy development under
the background of " 3060 " dual carbon[J]. Modern Industrial
Economy and Information Technology,2023,13 (6):195-196,
199.

(2] HAE, ME, B, 55 XU B AR T 3R EDGIR A& i BOR B
KGRI RATARGET,2022,16(5) :64-69.
XIAO Jia, MEI Qi, HUANG Xiaoqi, et al. Status quo and devel-
opment trend of photovoltaic power-generating technology un-
der the dual-carbon goal[J]. Natural Gas Technology and Econo-
my,2022,16 (5):64-69.

[3] sk, HHa ke, W5, 45 i LR A IR L AR 4 Y
FEPETMATLIL LT AR 2441,2020,35(6) : 1290-1302.
ZHANG Feng, XIE Yunxiang, HU Yanshen, et al. Characteris-
tics analysis for a boundary conduction mode hybrid-type pho-
tovoltaic micro-inverter[J]. Transactions of China Electrotechni-
cal Society,2020,35 (6):1290-1302.

(4] BSCHE, EEET, 0GR L B 2B E s AR E M

PRI WKL TR 27412, 2018,23(1) : 70-74.
XIE Wenhao, WANG Jianze, JI Yanchao. Research on control
strategy for a multiple grid-connected-inverter system(J]. Jour-
nal of Harbin University of Science and Technology, 2018, 23
(1):70-74.

(51 EhBRAL, AR, RIERT 45 . T B i 10 SR SO R A8 2%

I P ) S (). e R U B TR SR 5441, 2023, 28(6) : 67-
75.
MA Chencheng, YU Feng, WU Xiaoxin et al. Single-phase fly-
back photovoltaic micro-inverter grid-connected control strate-
gy with a lag-time compensation technique[J]. Journal of Har-
bin University of Science and Technology, 2023, 28 (6) : 67—
75.

(6]

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

SR R, EARDC . SBARIE I A TSR % )4 AT (D], S
1%£3)1,2023,53(9) : 72-80.

SU Le, CHENG Jing, WANG Weiqing. Analysis of broadband
oscillation problem of photovoltaic grid connection[]]. Electric
Drive,2023,53 (9):72-80.

i WRALRE SRR SC, 55 . % BTSRRI 1 P Y BOG IR
WA AL B0, 2022,52(6) : 14-20.

FENG Lei, CHEN Zuneng, ZHANG Yuewen, et al. Design of
two-stage photovoltaic inverter considering the improvement of
conversion efficiency[]]. Electric Drive,2022,52(6) : 14-20.
MOHAMMADI S, IZADFAR H R, ESKANDARIAN N. A new
adaptive clamp for improving weighted efficiency in grid-tied
photovoltaic interleaved two-switch flyback micro-inverter{J].
International Transactions on Electrical Energy Systems, 2019,
29(8):e12033.

CHANG C H, CHENG C A, CHENG H L, et al. An active-
clamp forward inverter featuring soft switching and electrical
isolation[J]. Applied Sciences,2020,10(12) :4220.

MONTES O A,SON S,KIM J W, et al. Duty-ratio feedforward
controller design to minimize the capacitor effect of the flyback
inverter under the light-load condition[J]. IEEE Transactions
on Power Electronics,2018,33(12) :10979-10989.

SURIREY Q, HERNANDEZ-VIDAL R, RENAUDINEAU H,
et al. Sub-module photovoltaic microinverter with cascaded
push-pull and unfolding H-bridge inverter[C]//2017 IEEE
Southern Power Electronics Conference (SPEC),2017.

VLTI . S 4 D006 SO 0 42 25 AR AT (D] AT
HITTLR7,2015.

TAN Shiming. Efficiency evaluation of interleaved flyback mi-
cro-inverter[D]. Hangzhou : Zhejiang University, 2015.

LEE S H,CHA W J,KWON J M, et al. Control strategy of fly-
back microinverter with hybrid mode for PV AC modules|J].
IEEE Transactions on Industrial Electronics, 2016, 63 (2) :
995-1002.

PRI . S TG AR I 190 fife 30t A 45 e JFC 42 o) 50 s 4 0F 5
[D]. R HL: AL TR K5, 2015,

CHENG Derong. Research on flyback-typle photovoltaic grid-
connected micro-inverters and its control strategies[D]. Nan-
jing:Nanjing University of Aeronautics and Astronautics,2015.
EDWIN F F, XIAO W, KHADKIKAR V. Dynamic modeling
and control of interleaved flyback module-integrated converter
for PV power applications[]]. IEEE Transactions on Industrial
Electronics,2014,61(3):1377-1388.

MAHMOUD Y, XIAO W, ZEINELDIN H H. A parameteriza-
tion approach for enhancing PV model accuracy[J]. IEEE Tran-
sactions on Industrial Electronics,2013,60(12):5708-5716.
MAHMOUD Y, XIAO W, ZEINELDIN H H. A simple app-
roach to modeling and simulation of photovoltaic modules[J].
IEEE Transactions on Sustainable Energy, 2012, 3 (1) :185-
186.

Wi H 15 :2024-01-11
R H 91 :2024-02-04

63



