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Fig. 2.1 Fill factor(FF) and I-V characteristic curve.
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Table. 2.1 Specification of typical photovoltaic panels.
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p s

S 717

1

= 1

te Amz wEold dde FAL ek Aolth of glel we BgEdel Ly

mopo] Wi vhEm, & Aol |2 Aol kel fRt W

Material Panel Voe(V) L(A) | Vipp(V) | Lipp(A) FF
Shell Solar
43.5 4.90 35.0 4.58 0.75
SQ160-PC
Siemens
Mono Crystalline 43.4 4.80 34.0 4.40 0.72
SP150
Solarworld
39.0 9.31 30.8 8.69 0.73
SW265
Kyocera
21.7 3.99 17.4 3.75 0.75
KC65GT
BP Solar
Poly Crystalline 42.1 3.87 33.7 3.56 0.74
BP-MSX120
S-Energy
38.1 9.24 30.7 8.64 0.75
SN60
KANEKA
Amorphous Silicon 71.0 2.60 55.0 2.18 0.65
U-EA120
SolarPower
33.6 4.30 24.7 3.60 0.62
SP1-90
CIGS SolarPower
97.2 4.40 70.8 3.70 0.61
SP1-260
GE Energy
95.0 1.25 75.0 1.10 0.70
GE-CdTe83
CdTe Calyxo GmbH
60.0 2.17 45.2 1.89 0.65
CX3 85
G24 Power
Dye-Sensitised 8.00 0.14 4.55 0.10 0.41
G241 Outdoorl
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Fig. 2.2 1-V variation for fill factor.
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Fig. 3.2 Three-section control method.
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Current Maode

Sensing V., I,
Setting Fopp , Topp
Roin = (0.9V,0p) / (0.9V,pp of PV Current)
Rmm‘ = (UASIHEPP of PV \J’Oltage) / (0‘5‘?’”}’}?)

L 4
VSQ}JS{? = Ifo
Lionse = 1,

RSQ’NSE = VSGFES{?/ISQ??JG

PISQJJSQ _" V‘I L UT _"' ILL’T

Lsopse = LV LUT —> Vipr

Viense < 0.9 Vnwp
or
< Ron

Recra Riepse=—>] R-VLUT (—s Ve UT R

Lignse < O-SIHIPP
or
Ricnse = Rinenr

Vsense 2 0.9 Vmpp & Lionse 2 0-5Irnrgop
ar
R-l'l'll!‘i £ RSEHS-‘_ = R-!Iln‘-l.‘(

Voltage Mode-2 Voltage Mode-1

A 4 A 4

Viet = Viense
Ler=Ityr
er-ef: V}ef/ I.'"Pf. (sumulation)

Lror = Lignse
Vier=Vivr &
R,-ef: V,-ef/ L-pfl (summlation)

I}'éf = Lense
Viee=Viur
Rl'ef = I/}ef/ I,agf {surmlation)

A 4 A 4 A 4

Lo = Lonse Vier <= Veense Vier < Vianse

Current Mode Voltage Mode-2 Voltage Mode-1
Controller Controller Controller
A 4
il Gating Signal
"| PWM Switching
v

Re-setting 7, . I,
Return

T 34 379 Ao AJAE 25

Fig. 3.4 Block diagram of the three-section control system.
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o
(3.7), 3.8)7 17 3.5¢ o] wH HA HdgkS A4

Voemax _ 51V
D= e 0.85 (3.7)
V:}c,min 0.1 V
Do = = o =" (3.8)

n

Dm:lx =

Dmin =

i
I
I
I
I
1

"
Vcc.min V oc,max

W

T 3.5 skl we wE e AA.

Fig. 3.5 Setting duty ratio range according to open circuit voltage.
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bA A FEY] Aagtd Az olgstel AdE @l el A (3.9% (3.10)

S Agsh olo] thate] 1% 3.60] ®AEHSITE

(1-D. . )R (1—0)x102
L. = min 7 max _ = 510uH 3.9
critical,max 2f 2100 X 103 ( )
(1-D,, )R (1—0.85) < 102
L. = maxTmax _ : = 76.5uH 3.10
critical,min 2f 2100 X 103 ( )

AgEle]l Aujgt B 2] HAs Feghel A4 W, DeMe] MAFER ol
Blel gk w2 dgsjorstel AHE ke c0ouHE AR A I %

S9 44 @8 B AR A2kl el A GAnE Bahel T & dnk

V., —V V. —D V. T
Ni,=——"D= —————DT= (1—D)D (3.11)

Lcrit.max"

I-‘crlt.min'

b 4

9 3.6 O WE JdYEa He 24,

Fig. 3.6 Setting inductor value range according to duty ratio.
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RATED RIPPLE CURRENT MULTIPLIERS

Frequency Multipliers

Freq.(H:)
60 120 300 1k 10k~
Cap.(sF)
~ 6.8 065 1.00 1.35 1.75 230
10 ~ 68 0.75 1.00 0.25 1.50 1.75
100 = 1000 0.80 1.00 1.15 1.30 1.40
2200~ 0.85 1.00 1.03 1.05 1.08
RATINGS OF SHL Series
;\,Eﬂﬂ 6.3 10 16 25 35 50 63 1040
el Sxt1 511
s 5.5 0.2 5.5
=11 511 5a11
022 g o 11
=11 5x11 IR
0.23 10 11 13
el Sxt1 LR R
0-8¥ 15 18 17
511 Hx11 5211
068 18 i 19
1 Hxi1 5x11 511
2 24 24
Bxil 5x11 Ax11
=2 34 35 37
Betl Sl Huid
= 41 43 44
Hx11 Bxi1 S5x11 Hx11
ik e L] 48 53 55
Ea 511 511 St 511
E5 52 53 ]
10 5=11 5x%11 511 Bt Sl G.3=11
a9 440 53 Ti i BT
9 =11 =11 Hx11 S5x11 Bxi1 Sx11 8. 3x=11
52 g2 T3 a0 108 113 130
a3 LER R Bx11 Ex11 R Hx11 Axit B.3x11 Bx11.5
41 70 TE 23 100 128 15e 187
a7 Exid =11 B=11 S=11 =11 6.3=x11 B3=11 10x12.5
54 238 B3 126 138 177 180 250
15000 1E=35. 5 18=x35.5 | Zase Size @D = L (mm)
3453 3826 *+—— Rated Ripple Current (mArms/ 85 % ,120Hz)
Rated Voltage(Ve:) | 6.3 10 16 25 35 =0 %] 100 | 160250 | 350-45)
Tan G 03 | 024 | 0.20 | 016 | 0.14 | 012 | 0.10 | 009 0.20 0.24

When the capacitance exceeds 1,0004, 0.02 shall be added every 1,000.F increase.

{at 200, 120H)

9 3.7 A AIE 9] Hlo]E| Al E(Vendor: SAMYOUNG).

Fig. 3.7 Capacitor datasheet(Vendor: SAMYOUNG).
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Aot 2 HES ol &3t AIHAEHZ HEE AW ALES dAsk=d, 51ve FHu
e VIFORE 30% AFEE T 66.3V7F AALEY AR AE3tE A E o] A

oSz 60V Hrh & 21 100Ve|RE o] AdFAE AMEStth oF e

)
lo
nd
_OL
L
2
ol
ot
)

AshATE ghell dhall AdAsk=dl, 4 (3.12), 3.13)= L

C= 1™ D = 17085 = 156.25nF (3.12)
SLIAV, o/ Vo na)f? 8(600x107°)(1.02/51)(100 < 10° ) ' '
c 1~ Dnin 1-0 208.33nF (3.13)
= = - . n. .
SLIAV, i/ Vo )f? 8(600x107)(0.01/0.1)(100 < 10° )

of HES o 7@ ghurt 2 dsiol @ wuk oheh, HAujs g HaH %

& gkl deld /s

Ai_ A2 203.776mA (3.14)
= = . m .
\/g \/?T ms
259mA % 1.75(100kHz & W) = 453.25mA, (3.15)

olfd AAHS Eor AMEdUolds & AR NAAE ESRZFA EFEHe] HH

e s, Al REEE AF Aor] AAD dels ¥ FEI Adge =E

A 4 Ak wEkA ASiAIE ESRS 19 3.79] HloJHAIEE B2 AlLksit <
A Aesl A Y FHS 47uF/100VE, HolEAIES 2udbd TanSE 0.099 S
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7AW FEALS A 3.16)3% 2l o] #h 120HzE 7IRFo R 7)o 100kHzZ W3
dlg=ofof sh=dl 2 (3.17), (3.18)¢F #o] ZA3sIH, 120HzY W ESRS EU=E

100kHzY W] ESRS 4] (3.19)2.2 & 4= 2t}

tand = (27}120) X Ry,C= 0.09 (100 1V 1 73%-) (3.16)

i* (120 Hz) X ESR(120Hz) = i* (100kHz) X ESR(100kHz) (3.17)
i(120Hz) = 259mA,. ., i(100kHz) =259 X 1.75 = 453.25mA,. . (3.18)
i’ (120 Hz) X ESR(120Hz ) = i* (100kHz) X ESR(100kHz) (3.19)

tand 0.09

2rX120XC° 27rx 12047106 b

o]71M, ESR(120Hz) =

(259mA)? < 2.5397(2
(453.25mA )

ESR(100kHz) = = 0.829312

L I
600ul +
Ve
0.82930)
nQav A ol RZ,
4TuF ——

1E 3.8 B AWEE o] &3 dHd AAA

Fig. 3.8 Power stage using buck converter
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EAEE o]gsto] Atstsion, Ao 45 483t Aol obd Bobbind} Core

g A1gstel A A L ALt Aglel, EE el ESRE weshA Wk A

>{1

FHom g 383 2ol AYvke] ALgH ¥ AME e WAL ALk

BN EE ol 43 AT AAAYel tal & 310 FelskRch AFwo
g9 AWEE JFOR 2UE RUYL o] §3Th[19]20] PWMA]

=]
83 Z7e] Aolm, AFAel 245 HIFRG), AAA] 24

4

g ©

-}T\‘(Gvd) lLf:

i(s) v, sC(R —H“C)—i-l
Gyls) = +—= L (3.20)
d(S) RL 2 e L
s’LO1+—)+s(Cr,+—-)+1
Ry R
Ao(s) v, (sOr,+1)(R,+7,)
G (s)= "R . L — (3.21)
y LSOO+ ) +5(Cr 4+ =) +1
Ry Ry
331 WY AAAE
Table. 3.1 Design of buck converter
Buck Converter Parameter
Input Voltage 60V
Inductor 600uH
Capacitor 47uF
Capacitor ESR 0.8293%
Switching Frequency 100kHz
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]ref +

R-V
LUT

> i,

ierror d
Cor | G
(a) Current mode.
Vref + 9error d’\
Cpr = Gua
(b) Voltage mode-1.
{}error d’\
CP]D > Gvd

(c) Voltage mode-2.

a9 3.9 3-7+9 Ao EEL.

Fig. 3.9 Block diagram of three-section control.
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(a) Transfer function

Pl

Integrator

0 dB

(b) Loop gain plot.

19 3.10 AF B= Ao~

Fig. 3.10 Current mode controller.
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Fig. 3.11 Voltage mode-1 controller.
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(a) Transfer function.
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Integrator :
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(b) Loop gain plot.

19 3,12 A =2 Aol

Fig. 3.12 Voltage mode-2 controller.
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Fig. 3.13 Loop gain plots in current mode.
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Fig. 3.14 Loop gain plots in voltage mode-1.
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Fig. 3.15 Loop gain plots in voltage mode-2.
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¥ 3.2 Ao] ARk

Table. 3.2 Control implementation.

Mode

Controller

Current Mode

D% -5

Voltage Mode-1

(1+1.4x10 %)
S

278.55 X

(1+7.2x10""s)1+7.9x10 %s)

Voltage Mode-2 6167.4 <
s
Mode Point Phase Margin Crossover Frequency
A 77.2° 7.75kHz
Current Mode
B 78.8° 7.84kHz
B 61.6° 6.35kHz
Voltage Mode-1
C 59.6° 6.37kHz
C 79.2° 19.1kHz
Voltage Mode-2
D 78.8° 19.1kHz
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Fig. 4.1 Solar array simulator using PSIM.
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Fig. 4.2 SAS Output curve using three-section control.

_37_



!

Energy Conversion
—l Circuit Laboratory

— Feference|1000Wimt2, 25°C)
— Raferenca(f00VWm 2, 25°C)
= Reference(600VWm 2, 25'C)
4.5 - -x- Simulation{ 1000W/m*2, 25 )
== Simulaton(B00Wim~2, 25°C)
-4 SimulationB00WVWIm 2. 25°C)

Current (A)

0.0 T T Y T T T v T T 1
0 5 10 15 20 25
Voltage (V)
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Fig. 42 SAS Output curve using three-section control.
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Fig. 42 SAS Output curve using three-section control.
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(a) Operation mode change from current mode to voltage mode-1, R, = 3Q—12%.
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(b) Operation mode change from voltage mode-1 to voltage mode-1, R, = 1282—40%.
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Fig. 4.3 Simulation result for operation modes when Irradiation=1000W/m?,

Temperature=25C.
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Fig. 4.4 Solar array simulator with power controller.
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Fig. 4.4 Solar array simulator with power controller.
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Fig. 4.5 Solar Array Simulator using TMS320F28377S.

¥ 4.1 dF=9o] A AA.

Table. 4.1 Parameters used in hardware.

Component Model Inductor Component
MOSFET FQP24N08 Bobbin EI4035
Diode FYPF2010DN Copper Loss 1.6862W

H/L Side Driver IRS21864 Core Loss 3.417TmW
Sensing Circuit LT1366 Air Gap 50um
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Fig. 4.7 Experiment result for operation modes when Irradiation=1000W/m?,

Temperature=25C.
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Fig. 4.7 Experiment result for operation modes when Irradiation=1000W/m?,

Temperature=25C.
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Fig. 4.8 Experiment Result for Operation Modes Change when Irradiation=1000W/m?,

Temperature=25C.
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Design and Analysis of Hybrid Control Method

for Solar Array Simulator

Young-Tae Seo

School of Electrical Engineering,
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Supervised by Prof. Sung-Jin Choi

ABSTRACT

A Solar Array Simulator (SAS) consists of an engine for generating a setpoint according
to panel characteristics, a power stage for providing the actual output, and an its controller
controls it. Especially, if the control method is not suitable due to the nonlinearity of the
solar panel output curve depending on the irradiation amount and the temperature, and the
variation of the curve factor depending on the various panel materials, the panel simulating
function can not be performed properly. Current mode control and voltage mode control

are usually used for the conventional control method.

However, since both control methods deteriorate the control performance near the
maximum power point, a hybrid control method using two or more controllers has been
studied. In this paper, we analyze the hybrid control method using three controllers divided
into different areas. Based on the small signal modeling of each controller, the design
equation of the controller is derived and the performances of the solar array simulator such

as stability and response speed can be verified with simulation and experiment.
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