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Control Method of Distributed—Module Type Photovoltaic Power Conditioners
under Stand-alone Operation

Jung—-Won Seol, Joung—-Hu ParkT, and Hye-Rim Kim®

Abstract - This paper proposes a control method under stand-alone operating mode for distributed—module
type photovoltaic power conditioners. In conventional schemes, there are some problems of a controller
saturation in the DC-link (or load) voltage controller when overly-heavy load, light load, and the generated PV
power reduction occurs, as well as when a transition occurs from an overly-loaded to normal conditions. To
overcome these problems, the proposed controller method switches the main control target from DC-link voltage
to the maximum power point, which is closer to the stable operating point when it returns to normal operating
conditions. For the analysis, a state-plane trajectory was given and the circuit analysis by PSIM simulation
was done. For the verification, a prototype hardware with 110[W] and 50[W] dual photovoltaic modules has
been implemented. From the results, it can be seen that PV power tracking is successfully done with the
proposed method even under a stand—alone operation mode.

Keywords: stand-alone, distributed module, module-integrated, photovoltaic, power conditioner
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algorithm in step-load change to a light
load condition

The Transactions of the Korean Institute of Power Electronics, Vol. 18, No. 5, October 2013

Ao,

o2 2
o Ji
o
it 2
tlo
u
o
p‘L
o
4z d
[
|
P

o
o
1
2
>
=

S
EONS
ofit
NLORNC N
£
lo e
4w
2 rlo
-
>
=
s U
1
ol
lo
fo
-
o)
)
o,
e
flo 4

ko

U (m

A oaE [y
2

> L g,
EL

Aol a7 Aol asitete 19 11
2)ell A Ko]i= u} g A9
AT 120VE Alof &

et s 18]
A (@ol e 2 w=RolAe] 2173

Fkl

=
oo
(e}
offt
N

rir

A T = )
offl
i
O
)
-
¥

M

a9 125 A Aol dnelEe 3
£9 4”247 ol FEHE APzl

Ol g

MPP o] 110[W]e 50[WISl PV Array A& ¢lH

& O
49e

Ve

120 — (11 ".'.(2)'”' (33 ;_.;C;LL);;;__ 55:5::(5__:);:.:.
6;' v 5 Lﬁﬁﬁﬁi:i.’g,;.... ov/div

Vpvi B
Viar 10V/div]
Vigz 10W/div| — 1
Veas-10Vydiv |

i - [ Kl FIme: f— A SO VRO T T e
V7] IR A | M) S ) - i 'ZQ'-ZVZd v
02 —— 1 S A I
o e , . 0.2s/div

0 0.2 0.4 0.6 0.8 1 1:2

Time (s)

Fig. 11 Key waveform of string converter type power
conditioner in step-load change



TAREY HEE d¥xdr)e SHA Al 455

(TerraSAS A, 7baAE, & Bz QMg 12 ¥ a9 162> Fatell Ao aHEoe] ~xlow Frhnt
2~E ZAMEE AHgste 19 13 al 27 9EUUE AT Ao FAE 7AWE &Y
'Y Agxd7])9 Aojd figt Ads shelch A V), 2t PV ANV, Vi «1 o)t (1)

110[W] MPP #¥-& 2t= PV ASH A& Sl o Awjolds 5sle] o3 Aol PV REA S =
VS Aolsl 50Wel MPP & 7k PV 8 Aoz 2R3 7o) ¥ *JEHOMPJ 2 99
MPPT €18&5S 33tk 2 PVREES F2E An ol o] Ao e BAE AWHIL s 1,9
Elo} d1AHw, F2E AWEE AWE BER AZ  Agte] Yal= 60V Aol HEE Aojsla, LAE A
At} g3 RaE ZEde] AXE ZvalA AWME w2 py Dg«l A AE9HA 18VE 27| Y6
9 Fapol AAEa, Ak Ao7]E 3 =9 F MPPT d4kS S3lata ¢
ake] Mt Vo peak Aol 40Vel AC A<t =
oj it} Main Controlleroll A& 5-312] Aejol

Erl A AlolE 3 A MPPT ¢ig]ES

gatal, PV2 REY 7 52 AAE AA3h

} 3 P VE%A V-1, VP a9 149 2
o} 2 145 29 PV1e] MPPE 39[V] 2.8[A], PV2<]
MPPE 18[V] 28[Al9S & 5= 3l

% 165 B T4 AdEel e g oltt PVlo] -
2~E AWE ¢ Agtel vV, B Bxz 3 Aged 60V
2 A, PV2E V.7t 445k wdel &2k Hgte]
AATE B F Utk E=g AWE F

Jo =

peak o] 40Vl AC Mk =t

rr

PV1 W —— PWR]

il

2

Powrar (W)

=
E
@
=
=
=
LE]

PV Simulator
Controller

Current (&)
Powmer (W)

Boost Converterl:
Boost Converter2

5 . B 10 20 30 10
T i Voltage [V
i RS as V)
Controller (b)

Fig. 14 V-I and V-P curve of PV module

Fig. 12 Hardware experiment set-up (a) 50W PV curve (b) 110W PV curve

/Sa1 Main controller : }
..... e e & e !
T | T “weer ! i ‘
72— PR AY PEED w {Vdc Clovdiv eouf o |
§PWM1 . E e - e I
| l_ Voltage | [ Vo Vo[tage H I saz., . 5V/d|V S RTINS, Sun NS Rep— e N—— }
L Boost Controller | Controller L":V i 1OV d |
i T | Converterl L.— lT ——1|iYe1t sal /div

VZ Bt :l Ve [Pase ¢4 'V0 50V/d|v |

: . O A A f

pV2 L | Boost Ve = Full_Bridge pii ff \ :r\:i ,r \ /, }
Converter2 T Inverter o i j U 1 \U |

] i g sn "“", L’/ ‘

Vdc sal i

Fig. 13 Multi-module Photovoltaic system hardware in Fig. 15 Distributed—module type power conditioner
stand-alone operation hardware waveform



456 The Transactions of the Korean Institute of Power Electronics, Vol. 18 No. 5, October 2013

A (2= FatelA o] Aol FhAEe] A
A PVelAel HAd & A=l 160WE 23t HE
2 2ol a9 6ollA e ESHE T2 AFO R o]F
Al Ha V. 7b Vi,  BH 5Veld ZoAAl H&
AAste] 19 1601419 2 H (2)9F o] MPPT &
=g Eo7H "k

o] I EAH (olAe o] FapollAe] a7 A
Aastel v, 7F dskE A4 60V o]ifo] H o
Q7 AL PV REIAL EHHEow
e ¢ dda #Adsta, v, ., MPPDE V.,
(Voltage Controller)Z 1At A4 534S 3 &
T A g = A dEE Solew 19 5 ¢y
& Ae5H oAl FRE

a9 178 FelellAe] aqd=e] Aglo® At
7h AR S718 459 FAE Ay &9 Ay
(Vy), 28 PV AV, Vi) FFHolth S22
(D 52 Q)ollA= Fatol Aol 87 Aol 100W, &
ZE(2)el A= Fatel o] 8 A o] 30Welth.

SAEH (DA = Fatagx o] Pv2elAe] A
A= 50WET AA, Z2F =8y v, dg Aot
MPPTE A4 o= 33t

| (1) (2) 3) |
Vae  10V/div |
Via  5V/div | |
Von  10V/AV | F o |
! \
| |
| |
-
!‘Vdcr Vsal —J 1OS/dIV J
Fig. 16 Distributed-module type power conditioner

hardware waveform in step-change to heavy
load

o @ | €)
Vae 10V/div|
Viaz 5V/div

r

Vo1 10V/div| |

| | = :
1*Vsm‘z
‘ Vdcf V. J

Fig. 17 Distributed-module type power conditioner
algorithm hardware working waveform in light
load

10s/div

4
A2 50wt GobAw v,k B ¥, 2t BV
A gstel PV2e] E2E A AT,
o0F BAgE QlA Ratel aFae] Frkstel
PVISl wAREnoR 4getd ® & 4%, B4 4
AN PV2E oA BAAA 8T A4S FHAA,

S A =
LR R

2o
=)
°
2e)
[o
ol
__‘,)L_’l

lo
_YJ_‘

ok

o 2 gE @ ME O ol
ftl
10
o M
ot
oft Jlop o,

Mo o X0 @ @ 9

4

SEMATAS Mo 7| M7
T\ EAPI LA o KA o}
15

References

[1] Jung-Won Seo, Sol Moon, Jong-Ho Jang, Joung-Hu
Park, and others, “DC-link control study in stand-alone
operation mode of multiple photovoltaic  power
conditioning  system  DC-link study in
stand-alone operation mode of multiple photovoltaic
power conditioning system,” Power Electronics Annual
Confterence, pp. 133-134, 2012.

[2] Bialasiewicz Jan T, “Renewable Energy systems With
Photovoltaic  Power  Generatiors:  Operation  and
Modeling,” IEEE Industrial electronics, Vol. 55, pp.
27522758, Oct. 2008.

[3] M. S. Kim, S. H. Lee, J. S. Hong J. H Choi, and
others, “Design of Grid Connected Photovoltaic System
with Stand-alone Operation,” Power Electronics Annual
Conterence, pp. 969-972, 2003.

[4] Hwa-Seok Lee, 1. Daniel Thena Thayalan, Joung-Hu.
Park, “High efficiency current measurement using
resistor and bypass switch,” Power Electronics Annual
Conterence, pp. 103-104, 2012.

control



[5] Hwa-Seok Lee, Daniel Thena Thayalan, and Jong-Hu

Park, “Low Power-loss Current Measurement Technique

Using Resistive Sensor and Bypass Switch,” JPE, Vol.

17, No. 5, pp. 416-422, Oct. 2012.

Yong-Sik Lee, Nam-in Kim, Sung-Won Jeong, and

Jae-Hyeon Gim, “MPPT control Method comparison of

the Stand-alone PV system,” Power Electronics Annual

Conference, pp. 1386-1387, 2011.

[7] Ji-Hoon Im, Ju-Yeop Song, Jin-Ung An Dong-Ha Lee,

and others, “Simulation of the Design of Digital

Controller for boost converter on Photovoltaic System,”

Power Electronics Annual Conference, pp. 62-67, 2010.

Tae-Yeop Kim, Maeng-Hwa Jung, and Gweon-Seong

Goh, “The Study of Control Algorithm for Stand alone

PV System,” Power Electronics Annual Conference, pp.

10-12, 2002.

Wai Rong-Jong Jong, Wang Wen-Hung, and
Chung-You Y.,  “High-Performance  Stand-Alone
Photovoltaic ~ Generation ~System,” [EEE Industrial
Electronics, Vol. 55, pp. 240-250, Oct. 2007.
and Puleston Pablo F,

“Supervisor control for a stand-alone hybrid generation
system using wind and photovoltaic energy,” [EEE
Energy Conversion, Vol. 20, pp. 398-405, Oct. 2005.

[11] H. S. Bae, J. H. Lee and B. H. Cho, “Large Singnal
Stability Analysis of the Solar Array Power System
Using the Controlled Load Characteristic,” I[EEE
Aerospace and Electronic Systems, pp. 538-547, Apr.
2008.

[12] Cho B. H, Lee J. R, Lee F.C. Y, “Large-signal stability
analysis of spacecraft power processing systems,” IEEE
Power Electronics, pp. 110-116, Jan 1990.

[13] Jeong-Hwan Kim, Gwon-Jong Yu, Byung-Gyu Yu,

Joung-Hu Park, and others, “Control characteristics

study of a stand-alone solar power controller has an

energy storage system,” Power Electronics Annual

Conterence, pp. 1071-1072, 2010.

In-Duck Park, Nark-Kuy Sung, Dae-Gwun Kim
Bong-Hwan, and others Oh, “Maximum Power Point
Tracking Control of Photovoltaic System by using
Current of Solar Cell,” Power Electronics Annual
Conference, pp. 119-112, 1998,

[15] S. H. Park, H S. Bae, J. H Lee and B. H. Cho,
“Design of Peak and Charge Current-mode Control for
Parallel Module Solar Array Regulator System,” /EEE
Power Electronics Specialists Conference, pp. 1-5.

[16] Moon-Hwan Kim, Young-Ho Bae, Min-A Lee, and

Jae-Fon Kim, “Stand-Alone PV Generation System

Modeling,” Power Electronics Annual Conference, pp.

1102-1103, 2009.

Ho-Sang Jin, Hee-Jun Kim, and Jawad Ahmad,
“Control of MPPT and DC-DC converter for a stand
alone solar power system using a single digital
controller,” Power Electronics Annual Conference, pp.
115-117, 2009.

(6]

(8]

(9]

[10]

Valenciaga Fernando,

[14]

[17]

457

[18] S. H Shin, D. S. Kim, Z. G. Piao, D. G. Kim, and H. L.
Beak, “Battery charge and discharge controller design of
Stand-alone PV  system using MPPT,” Power
Electronics Annual Conference, pp. 1263-1264, 2010.

M (RET)

19881 2@ 1324, 20124 SAth M7|33t

1 £ OEY 0124 ~3A & et ©7|3

b AAREY.

HEF(HEE)

Mt =i ™o|=s55 £, 20014

St MUlSeE ER(MAD. 20068 S

7| FEISSHE ZU(SH). 20074

~20098 Matf YEI[SAIEE gAte o

. 20099 ~3A sH HUlssE =1

238 2 (& BH)
19571 39 15204, 1979 M2tf 22/5tnt
Y. 1981 0| ofo|=2et FEICY




