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Design of Stand-Alone Photovoltaic System with
Charge-Discharge Controller

H.S. Kim

Abstract — This paper deals with stand-alone Photovoltaic
system(SPVS) with charge and discharge controller. Main
power source of SFVS are generally solar cell and battery.
Therefore SFVS can be classified into variable types in
accordance with connection type between battery and solar
cell. Mainly used one of them is direct connection type
which has advantages such as simple structure and simple
However most big drawback of this system is
energy loss by voltage disharmony between solar cell and
battery. Therefore $PVS with charge and discharge controller
which can operate solar cell at maximum power point is
designed and analyzed by simulation in this paper.

controller.
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Fig. 1 Schematic diagram of parallel operation type
stand-alone photovoltaic system
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Fig. 2 Influence of battery on operating voltage
of solar cell
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system using charge and discharge controller
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Fig. 6 stand-alone photovoltaic system using
charge and discharge controller
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Fig. 7 Solarcell output characteristics according to
ripple voltage contained in DC voltage

Average output powar
af salar call35)

2889888

1 ‘3 "5 -:’ ‘9 11 13 15
Rippla factor (%)
2% 8. A5 & BddA 4974 84
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°ﬂ A %Eﬂ

.ﬂ,

PSSR
A (@)st 7ol T

)

714 D :FEH], n tdlE] A2EE AT
AR Y’
L=

¥ 26712 BEg 73%
AG(Ve)s dARUYYe =
A7z dHEAFY TEY

Ipp=

A

- D'V,

nRBA

AAREe A%
gardx 2%
Zon
(10)

7&27‘\1

FHve)s] "4
e bpE Fate] o
o] HAEo]oF Fri.

FRA Al 340V

=]
& BAE VFHER

ol o)
wlel A

Pop(= AAEAAG X [pp) = FH A A= (1
2E 118 FAAEe 21[V], B JRATS: Rewg
7+ \:_Lé)} g 37\‘17‘] HAYEYP & 10kW]LE 7JT -y
g Al G2 FYAE=A %'5]‘7‘ AL HEAT
A H4 FeUE JebdT 4 oA S
ALE ARG ¢ F Aol7|7t 55}3“ ‘4;‘4% A2

24 HEEARAA fsT 28y $RRnsds 7}
7 gad FHuY W 54E PIER ¥ RodA v
2T A: FENE RS HAge) Ay, ave
S99 800079 HAAE HeddNY & FHETAA
Felv 05HEAA SAZAE BEALE U F Atk

Ddi:m Drhm
12 112
1 41
08 408
— @
—m—Ddim{Dischroe)
0.6 - 08
—a—Dchm(Charges)
04 4 04
02 102
0 — T T 0
32 40 30 60 70 80 90 100
Ddim : Minimum duty ralio in discharge stale
Dchm : Mimimum duty ratio in charge state
2% 12, @] Afe] fE FEY WE

Fig. 12 Variation of duty ratio according to battery
mimber

(2) Aoi7] 2A

Al2z=" Aol7]s DC/AC dWH H F4H AA7E 7
ARt 29A A7 FRF AFAE i LF
25 % BFEA Aole] AFTFHE AFLEA AF
HAYg Aosly  DC/ACUWEHE FEAMAEH HU

CVCF(constant frequency and constant voltage)?15&
7T

ESUES LI AR Y

2313E A7) 9
Aol7l2E PIAIYE o485 % xﬂﬂ/lit o &
Af715 o] &stHed ﬁ%?]%ﬂit— HAgAlol7] =€
2 PPAX 2AARY JeIYE e Feoz FHHD
[5].

:Fé 14 DC/ACIHE & Ao EFA Tt 9 RA S

E geAHYAHY AgAlRIoln WRAAFZIE 2
rrzaMﬂ TR AFAIIZE AFA7E AL
sdon @RIEANEE AGAr] EHH Fapalfel
g fEEES] oz ¢EAAT

— 106 -



Current controller

—_ e = = — -

1 3 anlar cell l

" S e
v \“’A i
———b@-’ Gev(S) oé. Gei(s) 'b@—LN@——G systen —
! | E— !
! |
| !

Ve

ipa

a3 13. FWAR Aoy E2Ax
Fig. 13 blockdiagram of charge and
discharge controller

Current cantrelier

R

@ @-
T i [

a¥ 14. 23 RAejy] EFHX
Fig. 14 blockdiagram of inverter controller

5. Algdold At

E AdoAe Alade SRS SsrINEte] AEH
ol A& FYPegen A2g ddHE thaF 2o

2 AEdHA =21
Table 2 Simulation condition

 Ls 0.4 [mH]
Ct 80 [#F]
Vet \/—é 200, sin (Cl)t)
DC Voltage 340[V]
C 8500 [« Fl
Lea 2.7 [mH]
n(eE g A$) 90 71
ECtdlg] 33AHD 2.1[V]
switching frequency 10lkHz]

| sampling frequency 10[kHz]

2 155 0324 05274 wEE EREE a8l
HEAAE & 8oz $AHT, 052%H 127AE
e RIGE 08¢ FAY FFE HEAE DY
ot} 73 1&%E 1527AE HEFAA &3] 02

£HEY. z8nz F9d7E 05&7HAE V=
7 0504 127AE HERAY 28 2L AWFH
Hol Aol gx3ez wdeE] 2HARE 0 T4
ZutAdg visE ¥z XA aEx 1354
AR e Ede] AFdoz FHA7 e FAV[E &

i fo o Fo
b fob 2
2

05&c1A HabiFe] wE FERAdHA HAFAUVe)E
o 328[VIZHA AR 7F 0.16[secl¥ ol AP EHE &
obzte & & Ak Bl 1AM GFEAL] £ T
25t9¢ AvolE A ALAFol glol dsHAe] =271
gt ekzh ZtAashe ARE Rk olA¥ HEAAEHe
WEA = RN EAgd= gz AYHFe A ge o

A
[0

st F947] W] REAFAS vl sto %% AT
E Belth ¢y EaHF fsidz ¢ F A=
g F/HE Fstd AEREAGEL AT 5 ot
REFI AT =EH= /15 AT FAEE O
3 2T ZFSe A8e FERY D fFadgen 74
He] Aol AFAge HEL FrFEe] WEel
7191, ZEBE {REAES P& gasiy o
HAELE £AHo 2 o[Fo|xof v} L) THA2ge
A eAAY] FEAYe] &L FEiAE AdLA(HEH,
7] e 9] AP)E Yo E sug f3d 299
FAN9 A4 vgd F5A AQ 290 A9 giok

4t |11 do

) =

- continmed -

- 107 -



€0

(@) &R

[ ] o 0.78 1.2 1.26 1.9

I 15 Al Y 33
@Y AMNAEH A bDaFEtdR
EIHHEH AT (AFAY (e) Huz HF
() Stz Jd (@EFEA 2EHH

Fig. 15 Waveforms of system each part
(a) filter capacitor voltage (b)AC load current
(c)inverter output current (d)DC voltage
(e) battery current (f)battery voltage
(g) solarcell output current

yrole] AR 4Es 2 AFEE 2EEe B 4 e
d oz AfE AFALGN AFAY 7IEANEY o) =
e 2 AR g AFVENEAAY HEHE L &
AR ER st Wg AA vehdd a2l dde] d
gL 2HA e F7teln AN S FisE SHAL B

oledl ole WREAFH st ofREAN EhdT

29 16€ 9 159 598 2AL=Z 0452494 0.
77 e DEAHC AN HeE AR Y =54
AF7] A8 AL DAL 2| GFo|th, Alage
232 A" AFAYY FFolnE FHEAEA
ERLAAEY L W F23T IPE T
A AREE WA A MEe] A9 HFE T

oV AN
VIV
A

iviv
VIV VYV

D45 a.+47 g, a.51 o.53 1.55

24 16 A ENHlA He AfAE A
(a) AHAE AG (b AAAE HY 71ENE
Fig. 16 TFilter capacitor current during transient state
(a) capacitor voltage (b) capacitor voltage reference

&

PO

A 2 RS o R B

1o,

v

]_

o g
e 30

Mo

A
SV

>

27178 AulE Aelrle WEFYE FAE Ry g
gto] Aloj7] oM ReHFY =X E AAGNT
g 158} Y3 AN AEdeld Aot 2F 17
< B89 JEFYs AAA REAF T LAY LA
AT S B F ok ol Alejr] 4EAT ¢ 2ol 7}
Ax FHFEEog 1& A48 23] g H2A
717} F-&ol5 & 71AA Esl7] W&ot

M0

>

oo LV AL
VIV VY

AWIWIWATATA
VIVIV Y

' D45 0.7 a.-a 051 0.53 1.5

T
ag 17 d=Ed= Aot e A Azl A
HE AHAIE AP
(@ 7A9AIH AL (b)) AHAEH A 7I€AE
Fig. 17 Filter capacitor current during transient state
(a) capacttor voltage (b) capacitor voliage reference

<]

O -4

(b)

\'EFLEEF

HO

6. 2&

B AFAE FPAVE o §F S99 Y wHAA
2 ANz % Aol Aol B WEe DT
ARAY, 299 FAF, $HAATe] 438U 3%
AQFER S, T BHE UFAA &9 B4, FAE0|
%3 Aads] SeEE AAen AolvlE 2F 2 2
A=ENEANE olgote] AU AU AE B3
o ¢ASHE AYSAT. BF Fre AAFHAye u}
£ T3 F9Es] A6l B AAAR 4u7 &
FHe 4% JeEuolael H2s Al awdT,

2] IHER, “KEBEG EERIcBT2 EEHERD ®E
B, BIFHRFFEHB S, WrEs, TO1071.

31 FREER, &)1 ¥, RBTEL, “ABY 8Fr 27 4
B0 R TEMERE. BE - ABEEETL A
Foam E@EEE L ar—32 3= BHRRF
FeETER S, WeREkd, T91071.

[4] Ned Mohan, Tore M. Undeland, William P.
Robbins, "POWER ELECTRONICS: converters,
applications and design”, John Wiley & Sons,
Inc., 1989

[5] Navid R. Zargari and Géza Joos, “Performance
investigation of a current—controlled
voltage-regulated PWM rectifier in rotating and
stationary frames”, IEEE Trans. Ind. Electron.,
VOL. 42, NO. 4, pp. 396-401, AUGUST 199.

— 108 -



