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Abstract: The investigation of the dynamic
properties of solar batteries (SB) at the changes of
loading resistance is described in this article. The results
of research are illustrated by the oscillograms, which
show the presence of inertia properties of SBs.
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1. Introduction

The new algorithm of extreme control system is
presented in previous work [4]. The exact computer
model of controlled object is needed for the effective
investigation of its work. Therefore, the purpose of the
work is verification of presence dynamic properties of
solar batteries (or photovoltaic elements — PV). This task
is set for subsequent authentication of their parameters
and creation of their mathematical model.

The investigation of dynamic properties was carried out
on a stand with single-crystal SB, however this results can be
spread over other types of batteries. The account of dynamics
solar batteries (or PV) enables to promote efficiency of new
developments. It can draw on research results for creation of
mathematical and computer models of SB, which are
intended for application on the stage of design.

2. Actuality

Development of alternative energy sources in
Ukraine is in the embryonal stage; however we have
quite good potential for development of sun energy.
There is the own production of high-efficiency silicon
PV (sun batteries) with coefficient of efficiency to 20 %
in Ukraine nowadays. The advantages of using sun
batteries are:

1. autonomy;

2. high reliability;

3. cost cutting on a hot water-supply and heating to
85% because sun energy is free of charge;

4. the economy of organic fuel (fuel oil, oil, gas);

5. reduction of carbon dioxide emissions;

6. popularity and inexhaustibility of a source;

7. absence of intermediate phases of transformation
of energy;

8. semiconductor solar batteries have a very important
advantage — longevity, the service required is minimum, and
any special knowledge or skills are not required for it;

9. in theory SB are harmless for environment
(because of the ecologically clean energy source) and
human beings (technical safety meets world standards);

10.using sun energy by a population and industry
positively influences the power safety of Ukraine.

The disadvantages of sun batteries are a permanent
dependence on local conditions, time of day and year,
relatively high cost, low efficiency, and sensitivity to
mechanical damage.

To improve the efficiency of a solar cell the tracking the
point of maximum power (MPPT — Maximum Power Point
Tracking) is introduced into the system. Tracking the
maximum power point is usually an integral part of the
photovoltaic system, because for this purpose many methods
of searching the maximum power point have been developed
and implemented, as well as differing complexity, required
sensors, work speed, cost, efficiency, popularity and others.

3. Purpose of work

A new algorithm of searching an extreme was
implemented for the MPPT [4]. It is necessary to have the
computer model of the object — i.e., solar battery — to test the
performance of the proposed method using computer
simulation. The computer models of single diode SB [1] are
widely introduced in literature. A double exponential model
[2] and other models [3] are not so popular. However, none
of these models takes into account dynamic characteristics of
solar cells, which are defined by internal panel capacity.

Previous investigations have shown that this capacity is
sufficiently large and requires the consideration of SB inertia
as a controlled object. As shown by experiments, dynamic
properties of solar panel depend on the internal resistance and
internal capacity of a panel. It should be noticed that the
majority of MPPT algorithms does not foresee the presence
of inertia in an energy source, so that this issue needs further
studying.

Thus, the aim of the conducted research is to study the
dynamic characteristics (inertia) of a SB as an object of
control.

4. Investigations

The main idea of the conducted research is to identify the
dynamic properties of the photovoltaic cell or solar battery in
the modes of a changing load. The output coordinates
(current and voltage) will show the presence the appropriate
changes in the case of such properties, which can determine
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the behavior of the object and identify it as a dynamic object.
The perturbation change of |oading takes place by connecting
the corresponding resistance (Ri.) to the output of SB using
asemiconductor power switch.

The block diagram of the experiment is shown in Fig. 1.
The light source for solar pand is an adjustable "solar
smulator" — a haogen bulb with a voltage regulator. The
investigated object in the first approximation is presented as
an RC-circuit (where G , Ry are parameters of subdtitution
circuit), the load is purdy active. Generator of rectangular
pulses (PWM duty cycle 50 %), which is redized on a
microcontroller ATmega 8, controls an on/off power switch
trangstor.

Fig. 1. The block diagram of the experiment.

The investigation of the mode of step change of
loading were conducted for three different values of
illumination, which provide the value of electromotive
force of sun battery Eo, accordingly, 14V, 12.4V and
10.5 V. The resulting value of the output voltage under
the load U,.q and resistance value Ry = 10.2 ohms
constituted, respectively, 6.0V, 3.55V and 1.6 V.

SB interna resistance R;; is calculated on the

measured data by the equation
E,—-U
I:ﬁnt = Iaoad Ouiload

load

5. Results of theresearch

The experimental output voltage waveforms of SB
are shown on Fig. 24 for different values of illumina
tion. The results of mathematical processing of are
presented in Table 1, where the results of calculations
the parameters of the used circuit solar cell are described
for different values of illumination.

For the first model approximation presented as an
RC-circuit the analytic time-dependence expression of
output voltage versus loading is:

VTim

Uout(t) — EO . Rload + |:ﬁnt €
Road + Rnt

The experiments showed that the time congtant of SB,
Tine , is practicdly unchanged for the different values of
illumination and makes gpproximatdy Ti; ~ 3 ps, while the
internal resistance of SB, as it is evident from a Teble 1,
varies significantly depending ontheleve of illumination.

Table 1
Theresults of treatment of resear ches
Ilm?lnlljre];?; n EO U load R nt T| nt » S
max 14 6 14 =3
med 12.4 3.55 26 =3
min 105 1.6 58 =3

Fig. 3. An oscillogram of SB voltage at middle illuminati
on (increased).

Fig. 4. An oscillogram of SB voltage at minimum illumination.
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The research has aso shown a nonlinear change of
internal resistance of SB when illumination is changed
(seeTable 1).

5. Conclusions

The conducted research has shown that there exists a
substantial internal capacity of solar cells. Their inertiais
not considered by any mathematical or computer models.
The authentication of the parameters of dynamic
properties of the explored system testifies its accordance to
the one real pole that lets us describe photovoaltaic cells and
solar batteries as the inertid block of the first order at the
computer simulation of the MPPT agorithm.
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JOCIIIKEHHSI TMHAMIYHAX
BJACTUBOCTEN COHSIUHUX BATAPEN

Bonoaumup Mopos, Oner Typuu

OrnucaHo AOCIIHKEHHS JUHAMIYHUX BJIaCTUBOCTEH COHSY-
HOi OaTapei 3a 3MiHM HaBaHTAXEHHs. Pe3ynbratu poOOTH
MPOLTIOCTPOBAHO  OCIIJIOrPaMaMd  €KCIEePHMEHTIB,  sIKi
CBIZYaTh MPO HASBHICTH IHEPIIIHUX BIACTUBOCTCH COHSYHHX
Oarapeii.
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