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Modular Line-connected Photovoltaic PCS

Hyun-Woo Seo, Jung-Min Kwon, Eung-Ho Kim and Bong-Hwan Kwon
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ABSTRACT

In this paper, the modular line-connected photovoltaic PCS (photovoltaic power conditioning system) is
proposed. A step—up DC-DC converter using a active-clamp circuit and a dual series—resonant rectifier is
proposed to achieve a high efficiency and a high input-output voltage ratio efficiently. An IncCond (incremental
conductance) MPPT (maximum power point tracking) algorithm that improves MPPT characteristic is used.
The PV module current is estimated without using a DC current sensor. By control a inverter using a
linearized output current controller, a unity power factor is achieved. All algorithms and controllers are

implemented on a single—chip microcontroller and the superiority of the proposed DC-DC converter and
controllers 1s proved by experiments.
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Table 1 The parameters of the proposed PV PCS

prototype
Ry ATAA @EF PCS gty
AE Ak 220V, 60Hz
AqAE A T2 HY 30V ~ 60V
AF F3 7| A 30V
DC-DC ¥y A9F F3 50kHz
AWE 293 F3r 20kHz
FHZ AFAEH G 680uk/100V
37 AHANE (G, G2 IuF
AF B3 ARANY G 560uF / 400V
8oty #A 1 n 4: 18
W7t #Abgl YY" 2 L, 10uH
Bgh7] A YRl Ly 0.8uH
=9 3y 4y L, 4mH
MOSFET S;, S2 IRFB4310 (100V, 140A)
IGBT Sz S4 S5 Ss FGP7N6ORUFD (600V, 7A)
Diode D;, D: FFPF15U40S (400V, 15A)




EEq Aed gdd PCS 125

Z¥Swrpon,

:f Va2l |
5 [s0vidiv] |
i .

o
TN
P

: Bonmi [10AMiv.] |

i
i
g
]

Sratasnei

time [4us/div.]

I8 7 M otst= EfFE PCS AN E AR (a) H= AKX &2 2vS A7 1y
Fig. 7 Photograph of the proposed PV PCS prototype (a) 2ZVS switching waveform of the auxiliary switch &

! : tracked
maximum [ power point
o POWET POINt e g e
: L

S : : . : : ) : . el T L

. : ; i -4 i ; B j ' : ' - X :
. : Do : ' A Yy R X - .
H N ' et i i i Lo - i .
: : : et H H E i v . ) - - e
: . s . i : i | )
. : B : : . , Y - T i ' i

: : e , : : ; [250Y1div.]

H . N i : - |
e} 100G H 200 2D 3040 35.00 0086 4510 8040

voltage |5V/div.]
() EhesZ AlZelolele) v-p S i et
(a) V-P characteristic of the photovoltaic simulator SR FUSUE SR ST SO JOUDEDN

time [4us/div.]

e (b) CIOIRE De| 265 A9IE THY
| (b) ZCS switching waveform of the diode 0

[25Vvidiv.] | - - :

ZCS turn-off . :

[10Asdiv.] | : . : ' . ' vdf"_‘" .
' : ' . ’ ' . ' [250V/div.] :

Ry T
(b) ENE Eo| MOy M=z njd
(b) voltage and current waveforms of the PV module

14 P : S
[10AAdiv.] :

T8 8 MPPT YIE[Fe £F5 EM T T e e

Fig. 8 Tracking characteristic of the MPPT algorithm

(c) CHOIRE D2l 7CS A% = ulg
(c) ZCS switching waveform of the diode 2»

o

B3 AlEHOIEE o8t HUYF BE 40V
A A 49 0Wst BAY o gdF wES VP 78 9 Hokehs DC-C ZHH{EIS] A9E T
SAY Hd 2Es Ay AF d5e 7k g Fig. 9 Switching waveforms of the proposed DC-DC

8a)9 8(h)+ Zth MPPT &8 985%2 st} conver ter

ol

-‘_l



i
X
o
o
i)
4_H
s
Iy
%g
)
Ei
i
Lo
>
i
S8
sl
s
i

v b L
[100V/div.) |

) S
sadiv] | ;
1] R s S :

T8 10 efE 25 e 60vollA 920We| MEqof Lrdst
el Ae Mty £ MF ud

Fig. 10 Line voltage and output current waveforms when
the PV module power 920W is generated at the
PV module voltage 60V

T 2 EfMY EEe Metn £ MY HIlo| ek MY
HE &8

Table 2 Power conversion efficiency on the change of
the PV module voltage and the output power
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0V 500W 93.4%
45V 200W 93.7%
60V S500W 93.9%
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60V 1000W 93.4%
= 3 MPPT F58E
Table 3 MPPT efficiency on the change of the input
power
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20W 98.0%
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