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Abstract

Due to the importance of modeling and the urgent need for it in various applications, the design of an accurate model that simulates and
is compatible with the real system to carry out various studies correctly, this has become a great challenge for researchers. Therefore,
this research proposes the design of a mathematical model using the method of the small signal of the photovoltaic system consisting
of the photovoltaic panel KC200GT feeding the load Through a DC-DC converter. This modeling method converts the mathematical
model of the DC-DC converter from nonlinear behavior to linear behavior given in the state space formula, then the application of the
Laplace transform will be used to obtain the transfer function. The latter is used in the studies to design the MPP controller. The
simulation results showed that the modeling method based on the small signal method enables us to obtain an efficient and accurate
model that is compatible with the real system and shows this compatibility in the voltage and energy between them.
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1. Introduction

The very negative impact of fossil fuels and their derivatives on
all living organisms and on the environment has pushed
researchers to find an alternative to them, namely renewable and
natural energies, which are pure and economical, the most
important of which is solar energy. It is operated with the help of
a photovoltaic device consisting of its photovoltaic cells which
have the ability to convert sunlight directly into electricity, a DC-
DC step-up power converter, and a resistive load; The main
objective is as follows: despite the change of weather
(temperature and lighting), the output voltage of the load must be
maintained at a constant value. This can be achieved by
fabricating an MPPT maximum power point tracking controller,
which uses the voltage and current generated by the PV system to
provide the optimal a* cycle feeding the DC-DC converter. The
design of a powerful MPP controller requires the use of an
accurate linear model that accurately describes the behavior of the
photovoltaic cell, so the behavior of the latter must be converted
from non-linear to linear around the balance point, and given the
importance of the process of modeling photovoltaic systems and
the urgent need to design models that accurately simulate real
systems prompt researchers to conduct research And several
studies, including: Almeida et al. (2017) a comparative study of
PV predictions using parametric and non-parametric PV models,
where parametric modeling considers the PV system as a white
box where each subsystem or component is modeled using a set
of physical parameters and equations. While nonparametric
modeling considers the PV system as a black box, assuming there
is no information about the internal properties and processes of
the PV system. Using a historical time series of inputs and
outputs, the behavior of the photovoltaic system is estimated [1];
Wang Qiu (2020) et al. proposed a modeling method based on
matrix variables for a distributed grid-connected PV system. The
central idea of the modeling method is to simplify the complex
model containing many PV-DCO generating units and turn it into
an average two-unit model.

In this paper, the modeling process is done using the small signal
method, which is an easy method that enables us to obtain an
accurate model. The simulation results showed that the obtained
model is consistent with the real system.

This paper is organized as follows. In the first section, the
introduction is given, and then in the second section it is about
photovoltaic modeling. In Section 3, the photovoltaic system is
modeled using the small-signal principle. In Section 4, the
photovoltaic system was validated using Matlab®/Simulink
software. Finally, conclusions are drawn in Section 6.

2. Modeling of solar cells and electrical
characteristics of the PV module
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The electric cell can be represented by the electric model shown
below
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Fig. 1. Equivalent electrical circuit of the PV panel model

The 1 X v characteristic equation describing the single-
diode model is shown in Fig. 1:
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Fig. 2. Nonlinear i x v characteristic of the KC200GT solar panel
and linear MPP equivalent model

Where T is the temperature of the PV cells constant, R, is the
equivalent series resistance, q is the electronic charge and K is
the Boltzmann, V. = N_kT /g is the thermal voltage, N_ is the
number of cells connected in series, N and N_are series and

parallel string respectively, I, and |, are the photovoltaic (PV)

P

currents and saturation, @ is the ideality constant of the diode, R,
is the equivalent shunt resistance.

This equation is at the origin of the I-V curve of figure 2, we
note the points of interest which are the maximum power P-mpp,
the voltage V-mpp at the maximum point, the current I-mpp at the
maximum point.

We derive the non-linear curve at the point MPP, the
photovoltaic panel becomes linear, i.e. the nominal curve i X v

becomes linear, when differentiating we get:
N, V R.I N
N —__P0 gy MPP_ | s MPP | _ P
9Mee: Luer) N.aV, p(Nsth Npavtj N,R,
2)
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The linear model obtained at the linear point is represented by
the tangent of the curve i x v :

w ngv +( MPP gVMPP) 3

At the MPP point we represent PV In the equivalent circuit FIG
3 The constituent elements of Req and V,op :

1
R g V = Ve + Req I vep )

eq

Figure 3 represents the photovoltaic generator circuit at the linear
point (V, I). At this point, we get the weak signal pattern. It is
desirable that the operating point should always be near the
maximum point MPP, no matter how the climatic conditions
change, so a controller must be designed to ensure the optimum
work of the photovoltaic system

Fig. 3. Linear equivalent circuit valid for point linearization

The performance of a solar PV system depends on climatic
conditions: Irradiation and temperature (ambient temperature)
(Garcia, O., and others 2013).

The characteristics of photovoltaic cells change with weather
conditions, temperature and solar radiation
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Fig.4. Characteristics (I-V) and (P-V) for variable G and
T,=25C
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Fig.5. Characteristics (I-V) and (P-V) for variable T and
G,=1000W-m2

3. Modeling of global soLlar system

In general, most real-world applications require more power
than the one generated by the basic KC200GT panel. Therefore,
the introduction of the DC-DC boost converter becomes essential
between it and the electrical device to be powered. Therefore,
Fig.2 shows the equivalent electrical circuit describing the
interconnection system including the KC200GT panel, the DC-
DC boost converter and the resistive load.

®

Fig.6. Interconnection system including the PV, DC-DC boost
and the resistive load

According to Fig.6, it is easy to determine the
nonlinear state space representation of the global
MPPT scheme as below

() = T ipe(®) — i (0)
i () = vp,,o:) "vouta) (5)
Zrvour(®) = 2 0(0) — 2 Vour (8)

When calculating the small-signal model from a state-to-state
representation, given by Eq.5 even if the switching harmonics of
the Boost DC-DC converter are removed, the averaged model
result is still non-linear. It is therefore necessary to apply the
principle of small signals according to the following steps:

State vector and variable inputs are defined for the global model.

* the operating point around which the linearization must be
carried out are defined, ie the MPP supplied to STC.
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*Disturbances, that is to say small variations, are introduced into
all the inputs of the model, which leads to disturbances in all the
state variables of the global model.

* The high frequency terms, the continuous and nonlinear terms
are removed and only the disturbed components are kept. As a
consequence, the average representation of the state space of the
global model is given by considering only these perturbed
components.It is important to mention that the perturbation
applied to each state variable is given as follows:

4. Simulation results and discussion
Validation of the photovoltaic system model
based on the small signal principle Using
Matlab®/Simulink Software

Table 1. system data

Parameter Value Unit
Vou (6) = Vipppp + 6V (2) 1, 9825x A
lL(t) = ILMpp + SLL(t) 10_8
Vout (t) = VoutMpp + 5Vout (t) (6) ISC 8.214 A
d(t) = DMPP - 5d(t) VOC 32.9 4
Ly (t) = Iypp + 8ipy, (£) a 1.3 -
. . . . . 415.405 Q
Where the sigma variable i.e. 6x(t) is the disturbance value added R,
to the constant steady state value X_MPP of the state variable X(t) R, 0.221 Q
N, 54 -
KC200GT 1
2 (Vpp + 8V,) = — (Iypp + Siy) — — (Upypp + 6iy) panel N, )
ac \VMPP pv c, \\mpp pv ¢, \LMPP L N 1 )
d . 1 1-(Dppp+6d) p
— Uypp +60) =7 (Vupp + 5[/;;1;) - % Vouempr + Vour) simplified V., 51.597 %
d 1-(D +6d) , 1 .
I Vouempp + Voue) = MR (ILMpp +6ip) - RCy Voutmpp + 6Vout) circuit Req 3.3242 Q
@) Voo 263 v
o _ _ PV 316.34 %
We eliminate the constant values and obtain the linear state-space Parameters Outypp
representation of the photovoltaic system given at I e 761 A
. 1 1 MPP
[ & — —-— 0 0.91686 -
dt 6vpv ®) ReqC1 Cy 5]/;” ® DMPP
d o. 1 1-Dypp . L 0.4 mH
20u® (= 0 5 si(t) |+ DC —DC
d s 1-Dympp 1 6Vt () boost C, 4700 uF
|27 OVou (1) 0 c TG, converter C, 1200 uF
0 Resistive R 500 0]
_ VoutMpp : load
1 |ed(t) (8) Using . .
ILypp the transfer function and MATLAB, we find  photovoltaic
C2 system Bode Diagram:

We apply the Laplace transform using the values given in the
following data table we find the following transfer function G(s):

G(s) = 1.683e08.5+5.609e08
s® +65.67s +5.464e05.5 +1.808e06

©)
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Fig7.Boost Converter Bode Diagram

K, = 0.002607
Ki = 8.15 (10)
Kq =2.082 x 1075

The obtained linear model is verified with matlab; Figure 8
shows the output voltages of the real system V., and the output
voltages of the model V,,,4 based on the principle of the small
signal that is modeled in this paper for the photovoltaic system
consisting of a photovoltaic panel KC200GT, a Boost DC-DC
converter - and a resistive load.
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Fig.8.shows the output voltages of the real system V., and the
output voltages of the model V,,,q based on the principle of the
small signal

The obtained linear model is verified with matlab; Figure 9 shows
the output power of the real system P..,; and the output power of
the model P,,,q based on the principle of the small signal that is
modeled in this paper for the photovoltaic system consisting of a
photovoltaic panel KC200GT, a Boost DC-DC converter - and a
resistive load.
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Fig.9.shows the output power of the real system P,

and the output power of the model P44

Simulation results show that the voltage and power produced
by the model based on the small signal model, which has been
Simulation results show that the voltage and power produced by
the model based on the small signal model, which has been
modeled in this paper, are almost equal to the voltage and power
produced by the real system.

5. Conclusions and Recommendations

In this paper, the principle of small-signal modeling of the
photovoltaic system consisting of the KC200GT photovoltaic
panel feeding the Boost DC-DC converter and converting the
nonlinear behavior of the system into a linear behavior near the
equilibrium point is studied and discussed; We obtain a model that
is more accurate and compatible with the real system than other
modeling methods, and this is shown by the simulation results.
This linear model will be used later in designing an effective MPP
controller that guarantees good and excellent tracking dynamics
for MPP.
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