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A Utility Interactive Photovoltaic Generation System using PWM Converter
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Abstract

Since the residential load is an AC load and the
output of solar cell is a DC power, the photovoltaic
system needs the DC/AC converter to utilize solar
cell. In case of driving to interact with utility line, in
order to operate at unity power factor, converter must
provide the sinusoidal wave current and voltage with
same phase of utility line. Since output of solar cell is
greatly fluctuated by insolation, it is necessary that
the operation of solar cell output in the range of the
vicinity of maximum power point. In this paper,
DC/AC converter is three phase PWM converter with
smoothing reactor. And then, feedforward control used
to obtain a superior characteristic for current control
and digital PLL circuit used to detect the phase of
utility line.
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Fig. 3 Feed-forward control block diagram
ARAG e 23 AF$
95 @ﬂlﬂ‘*?}—?%— TaE A ()3 2o 97 A,
Ele] PI AFA07], 1.2 A% FY

3%, e JEXIE 239 By AgFoln w=
Y= 229 U NHS 1.8 Polg B, A9
Arde ol dH AFAY FZE TAY 4 A
1 1

iy Thes Y1560

e W

e AA A2"dAE Blgd 9% @ 2y
2 018 £ Q7] YR, ¥ =BAME e A

A% 1.8 000I'E HRHLT. olF# 43 B
A% A2 Ad3 gEe TAYEE Bl @
Hustth 29 45 Axde] 4%E £ ¢ Ut Y=
ZH= Acl71d $4588 L}E}Lﬂw

a8 4 7.=0001 ¢ BR9 -":’-Aﬂ'“’é*,
Fig. 4 Dominant pole at 7.= 0.001

aAA B F AR, $HFHL -1000 R ¢

3HQ ME UL Y & Utk W £ A7
NN FRHLA S HFFLY A2 AFA
oA 4¥Ee FAE & Aok

24 MEHO 7|

3% A HAZAZ TED T4 24 A=A HEA
2 s, 9 o IHsE 24 d FEAZ
E@sE 4 29 %U}.

E, L+R oL, ][1, v,
= +

[Ed ~wl; L+R id] [Vd] (2)
2 (28 AR B Joz Zolndy ey zo}

di . .
Lt = ~i,R+E,~V,~ L, @)
Ls% = —i,R+E,~ V,;+ oL, @)

A 3)F A WZRE, d-q AFAAA YA d&
A qFo29 HE —wLi; 9 A d2ez
o ZHE oL, 7} ZR8L @ 5 Qho)H e g
€ U7 sk TAEE viE BASE B4 AR

Aolg Battold g3 AFAclsld ALAY A2

Ex joxc pasd. olg g= AEA ) A
4AY X4 E,x g3 s wAetad 58 dq
%9 MY AFANAE RAFD QYohedlN Re B
Hdd EA8te S71e FAAZ eIt 29 68 B4

FA71E T4 @ oF ARANAY) 2S5 M=
g BFT Yok

- 134 -



SRMOD e > Al 28

37 5 dH|Z2td MF Ao
Fig. 5 Non-interference current controller

Iyse Kp,,s+ Ki, 1 e
s Lss+R

Y
Y

38 6 g ME MFAHOA
Fig. 6 g-axis Current controller
o] AEANAL MNEE(open loop) AEEF Go(9)E
ot 2

Gl =55 TsTR (5)

o] A%} BFE(dosed loop) TG Goc(9)E The3} 2ok
Kp. s+ Ki,,

L s+ (Kp,,+ R)s+ Ki,, (6)

Geols) =

oy KpistKiy=F (Ls+Rz a8 Gulo)x
/(14 T)7t 9] 1% Ad EHE RAH ol
L . _ R
ARA7) Y o5 A7 Kb=7T7,6 K=Tz 4
g = dd dF AFANE oFH Y3t 19
U AN WREAF RS I o] mj$ Fomz 9
o 2L o5 ARWPE ALy 2T HaA
E AdAGAE A5 AF ¢ 1% FAF 0,8
olg8 o]SHA WYL olBIAYTE BEF 259 A=
9 Age5E ey 2L Hoz YL
o
HGs) = s’ +2tw, s+ &, (7
£=5 =0.707 o o qggsel 29 2ol LHE
7t 9n Redse) YaZe 0,3 XA gk A @3
A (De) 24| BEE 3d TeH} 2L oSo] Pojrk
Kp, = 2tw,L,—R = 2tw,L, ®)

Ki; = oiL, 9)

25 Cixig PLL 3|2

29 7€ 34 649 PLLY F2E& dehjzm gtk
ATAAY PP Azde AT Fas
7} agshaE 98¢ $34¢ £9% F ook @

o AEALS ARFe AFTIA Azgel Qo 7
B %A Fad Auolm ATAA AxdelA
Ag%an e ATAYY A9 dEe 3R
Haze 44e A3 Bast

Peark
Transform ation

v. | v, 1

Clark
Transformation

a3 7 34 oXE PLL =
Fig. 7 Three-phase PLL structure

3. AlEd8ojd & MeH

AN ANSHS Pokuy] e B =RolME
MATLAB Sinulirk® olg3le] AlZalelde sigch. 13
8& AlBaolde] HEH AEEEE Yehha o,

Faedback

3-Phase Utility

Feedback

{trom) »- 1 I3

03 8 A2 oMo HEE MO 25k
Fig. 8 Simulation block diagram

3.1 AlEdlolM

29 95 £ w2 48¥ BIIAY 542 1
BT ok BYAAY BHIHAN B+ 9%ol
Aozdged 2485 420A) 3= @ 2ol

F3 o 3% 10 HgEHHAClE A% AHEY
d-gdF %A B 2935 39S Yz 9o 29
118 2% ASdYs A¥Eg 2893% 3%, 281 3
o] AL vehd ez ATAYT AHY &9
AR F4o| wolx, £3uAge] 29 ge A=
2 ggFeAe) A7 oAt AToR dAdHs e
¢ F dok B, A483371 180°8 Hoju gleng de
2 AT dUAE TFEE BAFT Ak 1A
A" PLL 329 T3] ¢5dE & & Utk
R N ‘\ ]

3% 9 Ejetmxiel Me-ME ¥ Y EMIY
Fig. 9 VI and Power characteristic curve of solar cell

- 135 -



i H i H H i i
o CX) 0.7 G.3 X3 0.5 G.6 a7 0.6 0.9
[sec)

38 10 d-q¥&7F X Hx Y EHER
Fig. 10 d-q axis Current reference and output current

X7 Z.08 FX

O3 11 adt ASHYY at EHMF 3 £YHHEH
Fig. 11 Uity vdtage, PAM converter current and ouput power of a-phese

32 A&Zn

9 129} o] AT} SRS o] A GRS ¢
T 30, o ol BB Mgl BFEAzRE 2AE o
g THER ATHYSA FHEkL 3hEe A1 = gk

"YenmAmer
P

- iout

a3 12 ASHg HHE EHMF oY
{CH1: 200{v/div], CH4: 5[A/div], TD: 10ims/div))
Fig. 12  Utility voltage and output current

— a—oxis

— o—mxlE

28 13 d-q HEE &7l DA HHE &
(CH1: 1[v/divl, CH2: 1[V/div], TD: 10ims/div])
Fig. 13 D/A Converter output of d-g output current
¥ 132 PWM AHE 8479 dq ¥3 385 Uehd
I, 39 139 dFAFS oFAFE X, YEOE djo HeAy
L EAENE oY 149 A 1Y 4EREH SEHFE 9
¥ AEe gloy $3e 33 JYARI sEAE £

i

¢ 4 gith o= PWM BHEe F Fd
Agkel ARG 2717 2A
ot 2E, old@ Ax
74 g Aoz weEn

Mo fo @ o
o8 fu Lo rir
=
ottt 2 o
i
0
to &
T o

18 14 dq HER EeitiRe] HeriA
(CH1: 1[V/div], TD: 10[ms/div])
Fig ¥4 Veda trae o d-g axs auput armat

a9 155 2e 2N Aadoziy ABeE &
Ue AR 2D 4R BUAAG 2PN & 5
Aol 71est AF goldd) e nzw 4Re Yok

AN\

-— BN

“+— iout

2% 15 HHE &Y R FFT &4
{CH1: 200lVv/div], CH2: 5[V/div}, TD: 10lms/div])
(Math - 2[A/div], 125[Hz/div])

Fig. 15 FFT Analysis of converter output current

4.8 &

2 =2dX e ATEAE dgddd NS PWM 2
BB 2 sl FeAIT A ST eEA ted 2

FPEE AN2"e A T
o] 7FedE A
HARFE FSAE At F=I= Ao}
£ 8% 23 $F5Ao] 989 +PEE FUsiurt.
(3] BFHA 2E 2 SURHE ol&sto] YA ”FA
el B FhEHo] FAH=S MPPTAIYE 3t
32ngd

{11 E. Koutroulis, K. Kalaitzakis, and N.C. Voulgaris,
“Development of a microcontroller ~based, photovoltaic
maximurn power point tracking control system”, IEE E
Trans. Power Electronics., vol. 16, pp.46-54, 2001.1.

[2) Chihchiang Hua and Chihming Shen, “Study of
maximum power tracking techniques and control of
DC/DC converters for photovoltaic power system”,
IEEE-PESC Conf. Rec., vol. 1, pp.86-93, 1998.



