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ABSTRACT

Recently, photovoltaic system has been studied widely as a renewable energy system, because it does not produce
environmental pollution and it has infinity energy source from the sun. A study on photovoltaic system has a lot of
problems like as reappearance and repetition of some situation in the laboratory experiment for development of MPPT
algorithm and islanding detection algorithm, because output characteristics of solar cell are varied by irradiation and
surface temperature of solar cell. Therefore, the assistant equipment which emulates the solar cell characteristics which can
be controlled arbitrarily by researcher is require to the researchers for reliable experimental data. In this paper, the virtual
implement of solar cell (VISC) system is proposed to solve these problems and to achieve reliable experimental result on
photovoltaic system. VISC system emulates the solar cell output characteristics, and this system can substitute solar cell in
laboratory experiment system. To realize the VISC, mathematical model of solar cell is studied for driving converter and
the DC/DC converters are compared in viewpoint of tracking error using computer simulation. Output dynamic
characteristic of PV array is varied by irradiation and PWM converter performance is studied using PSIM simulator.

Keywords: Photovoltaic system, virtual implement of solar cell (VISC) system, the interpolation model (IM)

1. Introduction Therefore, many researchers has been studied for the
improvement of the power conversion efficiency of
photovoltaic system using the maximum power point
tracking (MPPT) method''*!,

In the study on MPPT algorithm, the comparative

Because of the request for renewable energy system,
public attention has concentrated on photovoltaic system.

This system does not produced pollution on the energy

conversion process and generated electrical energy from experiment in same condition is requisite for the

infinite solar energy. But, the output characteristics of the verification on the proposed algorithm and for comparison

photovoltaic system are varied by weather conditions as between the existing algorithm, but it is impossible using

solar irradiation, cell temperature, light incidence angle actual solar cell because the weather condition changes

and so forth. every moment.
In this paper, the virtual implement of solar cell (VISC)

system is proposed to solve these problems and to achieve
Manuscript received April 9, 2002; revised Dec. 23, 2002. reliable experimental result on photovoltaic system. The
Corresponding Author: ghchoe@konkuk.ac kr Tel: +82-2-450 VISC system emulates the solar cell output characteristics,
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system.

To construct VISC system, the mathematical model of
solar cell and DC/DC power conversion part was studied
in this paper. For the power conversion part, the buck and
buck-boost converter were designed and compared in a
view of output characteristics. For the mathematical model
of solar cell, the interpolation method was considered and
verified using computer simulation.

2. Solar Cell Modeling

The irradiation level and temperature are the major
factors for the electrical output characteristics of the sofar
cell which arc shown in Fig. 1 and Fig. 2. In Fig. 1, the
output current varies from tower current to the higher level
as solar irradiation goes high. Fig. 2 shows the output
curve for variation of cell temperature. Tt moves to the
higher voltage level as increasing cell temperature.

The mathematical model of solar cell must include the
characteristics mentioned above. The parametric mode
(PM) may be available when the theoretical parameters
are known already'!. But it is difficult to achieve ail the
pararueters of solar cell and to match real solar cell.

[n this paper, the interpolation model IM) is considered
simple
mathematically, and it can be applicable in real time
controller for VISC!,

The interpolation model needs the data set of three point

because the interpolation model is very

only. One is the open circuit voltage, another is the short
circuit current and the other is the maximum power point
voltage and current.
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Fig. 1. V-Icharacteristics on varying illuminations.
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Fig. 2. V-Icharacteristics on varying temperature.

In order to get the interpolation model of the solar celt
characteristics. The geometric approximation method was
used™,

v m I 7
( m'z] +(Jf_ﬁ_J =1 (H
Vv{)(’ ISC

\

where, Vi, I Solar cell output  voltage and current
Voe o L5 - Selar cell open circuit voltage and

current
m, n: Positive real number.
The maximum power point voltage and current, V.

and 1 are placed on the curve which can be drawn usin
p p g

Eq (1). And it is known that the differential of the P-V
curve on the maximum power point is Zero, then the slop of
I-V curve at the point ( Vi ® Loy

mp
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Because Eq. (2) is feasible on the V-1 curve too, it can be
substitute to the differentiated equation of Eq. (1), then the
solution of that equations followed to be Eq. (3} and (4).

n
Vm[: = Vn(' r\n' atm (3)

n
I)np:]sr"ln+m (4)
where, V,,,, [, @ The voltage and current on the

maximum power point,
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3. PWM Converter and Controller®

The virtual implement for solar cell requires the power
conversion circuits which has the circuit topology of
DC/DC converter. We compare the characteristics of two
circuits topology, buck and buck-boost converter, to
conclude power conversion circuit of VISC. Because the
boost converter cannot output lower voltage than source
voltage, it was excluded in comparative study on
controllability and dynamics between the topologies.
Analysis and design of buck and buck-boost converter is
made of same design specification and the converters are
designed in the continuous current mode (CCM).

The controller is consist of the PV model block, the
voltage controller and the current controller. The PV model
block makes the output voltage command by converter
output current, and then the output voltage is regulated to
follow the voltage command by use of two controllers, one
is the voltage controller and the other is the current
controller.

3.1 Buck Converter

The buck conveter is the step-down converter. For the
emulation of the solar cell, the output voltage may varies
from zero to open circuit voltage. Therefore, the source
voltage must be higher than the open circuit voltage of
solar cell array. The inductance and capacitance of buck
converter can be designed using Eq. (4) and (5), (6). Fig. 3
shows the buck converter circuit and the control

blockdiagram.
Yeat _p s)
Vs
V.D(1-D
Vo = _s(—z) (6)
8LCY:
V.D(1- D)
Al =-S5 7 7
cell st ( )

where, D : duty ratio

V, : Input source voltage
AV, : Output  ripple voltage
Al - Output ripple current

L Inductance.

3.2 Buck-Boost Converter

Because the buck-boost conveter can opeate as the
step-down converter and the step-up converter, the input
voltage can be designed to a lower voltage than open
circuit voltage of solar cell. In that case, the buck-boost
converter operates in step-up mode and shows poor
ransient response. So, silmillar to a buck converter, the
source voltage must be designed higher voltage than the
open circuit voltage of solar cell array. The buck-boost
converter is shown in Fig. 4 with it’s controller. The
system parameters of buck-boost converter can be
designed using Eq. (8) and (9), (10).

V.,[[ D
cell _ _ 8
V, 1-D (8)
V.D
S 9
cell f:;L ( )
P
AV =—————— (10)

Ve =Vs)Cfs

where, P : Rated output power of converter.
4. Computer Simulation

In order to analyze on output characteristics of the buck
and the buck-boost converter, the output ripple and model
tracking error are defined in this section. Then the
simulation results are compared between each converter.

The voltage and current ripple ratio are defined as Eq.
(11), (12) at given operating point (V_, .1, )

[§

=AY x100[%]1 (1)
P Weell

R, = ALE 100 (%] (12)
mp v“’”

where, AV: Peak-to-peak voltage ripple
Al: Peak-to-peak current ripple
V' Voltage in the peak power point

r,: Current in the peak power point.

Model tracking error (£, ) is defined as the difference

mt
current between the solar cell output and the converter

output at given operating point v, .



Analysis of PWM Converter for V-1 Output Characteristics of Solar Celi 65

1

Icell » I

. _ Lmodel
oy = ———|  x100[%] (13)
+ model Ve
A (D c Vceug;z .
*N\g ) where, 71,,..: Current desirable current
- I : Converter output current.

i Fig. 5 shows that V-I curve of model output and
Driver converter. Because the model output current is the current

Circuit |
BT R B i v A G cell

command value of converter, the output of converter must

PV Model follow that of model. From the plot of V-1, it seems that

Block e
it ~Veliage ‘] the output characteristics of the two converters are very
Controlier Controlier similar to the model output characteristics and the output

current of each converter stands aside of model output
Fig. 3. Buck converter circuit and controller. current. Fig. 6 is P-V output curve of model power and
converter, and it shows a little deviation from the model

output power.

Fig. 7 is the model tracking error of converter. At the
region above 13[V] the figure shows similar tracking error
A Veer 2/‘% but at the apposite region it shows the different tracking
. errors of the buck and buck-boost converter, 2% and 3%
each.
Driver
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Fig. 4. Buck-boost converter circuit and controller.
Table. 1. Condition for Simulation.
Voltage{\]
L(mH) C(uF) (a) Buck-boost converter
Buck-boost 0.8 7.6 I s
Buck 0.8 6.25 A
fs 20 [KHz] I A ¥ A
Vs 34[V] % )
Ve 17[V] B RN SN SOUUUURRNS SN | R
—— MSX-50 H H
— Buck ' '
I, 2.9[A] i """""
V. 21[V] T
I 3.1[A] (b) Buck converter
P 50[W] Fig. 5. V-1 output characteristic curve of model(-) and
converter(O).
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Fig. 6. P-V characteristic of IM model (-) and converter (O).
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Fig. 7. Model tracking error curve.

Fig. 8 shows ripple rates of output voltage and current,
these are designed 5{%], which are satisfied with desirable
value. With increasing the output voltage the voltage
ripple rate appears increase, whereas the current ripple rate
appears decrease in Fig. 8(b).

Because the simulation results are substantially same
for the buck and buck-boost converter, it is possible that
both of converters can be applicable on VISC.

In Fig. 9 and Fig. 10, the transient response time of the
both converter system is 2~3[ms] for the step illumination
change. If the buck-boost converter is designed to have
lower source voltage than open circuit voltage, the
transient time will increase greatly than that of the buck
converter.
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(a) Ripple rate of output voltage (Ry)
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Fig. 8. Output voltage and current ripple rate.

w \;ﬂ‘_df

ol
e " L o LS 30 0 SRR,

\
: :L A GO (0 ORI ROEAPH

am e B oo H “u s
e

Fig. 9. Transient voltage and current waveforms when

illumination changed from 100% to 50%.
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Fig. 10.
llumination changed from 50% to 100%.

Transient voltage and current waveform when

5. Conclusion

Interpolation model for solar cell was used to simulate
solar cell and comparative study on the switching
converters was done for implement VISC system. Using
computer simulation tool, PSIM, the proposed model and
PWM converter was tested at the view of model tracking
error and output ripple.

When comparing the model curve and actual output
curve of two PWM converters it was match very closely,
50 both of PWM converter, buck and buck-boost converter,
may be applicable for the VISC system. And it was
warned that the source voltage must be chosen higher
value than open circuit voltage of cell model in case of
buck-boost converter because of its latent long transient
time.
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