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Photovoltaic direct current power generation system

Abidova G. Sh., Kurbanov I. B.
Tashkent state transport university
Tashkent, Uzbekistan

The main source of energy for our planet is solar energy. It is the Sun that
is the progenitor of all the main energy resources used by mankind — the Sun
heats the atmosphere and the surface of the Earth, due to which winds blow,
masses of water move, plants develop, organic fuels are formed. And in this
regard, the potential of solar energy additionally provides such an opportunity
as the use of solar energy to create alternative energy sources, and in this re-
gard, the study of the properties of solar radiation is a particularly urgent task.

In this paper, a multiport dc-dc converter is proposed to be used as a converter.
The three port converter contains three so called ports. Two are for solar panel
and battery connection and the third one is for load connection.

The structural diagram of the autonomous solar-powered power supply sys-
tem is shown in Fig. 1.

A multi-port converter has several advantages over stand-alone converters,
such as fewer components, some circuit components are common to all ports. As
a result, the system has a lighter weight and more compact assembly, which re-
sults in a lower cost of the inverter. In addition, there is no need to harmonize
converters and transfer information between control systems.
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Fig. 1. Structural diagram of the autonomous power supply system:
SB — solar panel; LVSC — load voltage stabilization channel; BCC — battery charging
channel; BDC — battery discharging channel; B — battery;
CS — control system; L — load

The proposed solar electric power conversion system contains a solar current
control channel, a charging channel and a discharging channel of the battery pack.
Thus, this circuit acts as a link between the solar panel and the battery pack, and
increases the output voltage for further conversion in the AC link.

DC/DC converter. As a converter, a voltage regulator circuit is proposed in
this paper to maintain the bus voltage at a fixed level. The schematic of the regu-
lator is shown in Fig. 2.

The proposed power supply and energy conversion system contains a solar
panel current regulator and battery charge-discharge regulators. Thus, this circuit
acts as a link between the solar panel and the battery pack, and increases the out-
put voltage for further conversion in the AC link.
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Fig. 2. DC/DC converter
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The multiport inverter contains three so-called ports. Two are used to connect
the solar and battery, and the third one is used to connect the load. Such a con-
verter has a number of advantages over standard converters, such as fewer com-
ponents because some circuit components are common to all ports, resulting in a
system with a lower mass and more compact packaging, which provides a lower
cost of the converter. In addition, there is no need to harmonize inverters and
transfer information between control systems as it is often designed to be shared.
This converter can operate in three channels depending on which transistor re-
ceives the control pulses.

Solar current channel. The substitution diagram (Fig. 3) represents a step-
up converter. Consequently, the voltage at the load must be greater than the

voltage at the solar panel. The stabilizer is controlled by pulse width modula-
tion. Control pulses are supplied to transistor V7T1.
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; 1 H o

Fig. 3. Solar current regulator

This circuit contains two switching elements (V'T1, VDI) and two reactive el-
ements (L, C1). During the interval of energy accumulation in the inductor, the
transistor key is open, the solar battery voltage is applied to the inductor. During
the accumulation interval, there is a linear rise of the inductance current from
zero. At the same time, the diode is reverse energized and closed and the capaci-
tance slowly discharges to the load. The energy storage and discharge intervals
are described by the following system of equations:

140y

dt
cdUc® _ Uc®)’
dt R
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LM_ Uin ()= _Uc(t)
dt

b

Uel)_cAU0

dt

AU

where L = Ll, C= Cl, []m Ucell, R= Rn

Battery charge channel. The charge controller, shown in Fig. 4, controls
charge battery in the mode of varying, depending on the level of illumination, the
current while maintaining the voltage at the load. Commutation of transistor VT2
regulates the current flowing into the battery.
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Fig. 4. Battery charge regulator

The charging current decreases as the charge accumulates, thus avoiding the
accumulation of gas in the storage cells, which in turn increases their lifetime.
Thus, the operation of the charge controller is similar to that of a stabilizer, and
all the excess energy produced by the solar panel is stored in the storage battery,
leading to an increase in the efficiency of the system as a whole. The conversion
stages are described by the following systems of equations:

Ldin(® _
dt
diy, (1)
dt

Y AKB ([)

L +U,(0=-U.(0) ,

dU.(1) U.(1)
dt R

Battery discharge channel. The charge controller (Fig. 5), is a converter,
which increases the voltage received from the battery to the load voltage by
switching the VT3 switch.
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The voltage from the battery, as in the case of the solar current channel, is
boosted to the required level and stabilized at the load by storing energy in an
inductance and switching the power switch. These processes are described by the
following system of equations

dip, (1) -
LT UAKE(t)_ Uc(t)
Uelt) _ dU0) _

R dt

B

0

i, (1)~

where L = Ly; C= Ci; Uin = Ucen; R =R,

Setting up a neural network for the inverter. Despite the advantages of
a three-port inverter, it is necessary to ensure timely switching between the oper-
ating channels. Consequently, the design of the control system becomes the most
challenging task.

The main component of such a control system will be the unit that ensures that
the inverter operates at the maximum power point, i.e. the control system must
work in conjunction with the maximum power point tracking algorithm.

Since solar panel characteristics are non-linear and maximum power can only
be achieved at one point. In order to extract maximum power from PV panels,
regardless of weather conditions and load size, it is necessary to operate at the
maximum power point to maximize energy efficiency. Consequently, a control
system that provides a maximum power point tracking function for all levels of
solar irradiation becomes a key device for the successful operation of off-grid
systems. Since solar cell characteristics are non-linear and maximum power can
only be achieved at a single point. To extract maximum power from PV panels,
regardless of weather conditions and load, it is necessary to operate at the point
of maximum power to maximize energy efficiency. Therefore, a control system
that provides the function of tracking the maximum power point for all levels of
solar irradiation becomes a key device for the successful operation of off-grid
systems.
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The neural network contains an input layer, two hidden layers and one output
layer. The input data of the network are: illuminance, temperature, voltage and
current of the solar module. The signal of the output neuron is equal to the voltage
at which the maximum power of the solar module is reached. Fig. 6 shows the
overall architecture of the ANN that was used in the initial setup of the control
system to simplify the task of control signal generation.

But, as it was described earlier, the use of such a neural network in the control
system implies the use of additional sensors. To a greater extent, this concerns the
use of illumination sensors. Since the illumination must be determined accurately
enough for the system to work properly, there must be a sufficient number of
sensors installed in the correct position. Faced with this problem, attempts have
been made to do away with the illuminance sensor. Short circuit current has a pro-
portional dependence on illumination, it can be assumed that the solar panel cur-
rent data will be sufficient for correct operation of the ANN.

Illumination

Temperature Maximum power

voltage Um

SBC 1
Output layer
SBV U (1 neural)

Hiddin layer

Input layer (3 neural)

|

|

| (4 neural) Lo
| Hiddin layer
|

(6 neural)

Artificial neural network

Fig. 6. Topology of artificial neural network

Thus, according to the improved methodology of ANN creation and training,
only the values of temperature, voltage, and current of the solar panel are input to
the neural network. Some problems encountered in the previous study were
avoided by increasing the amount of training data and increasing the number of
neurons in hidden layers. The architecture of the developed neural network is pre-
sented in Fig. 7.

Structure of the management system. For effective operation of the con-
verter, it is necessary to ensure that the maximum power of the solar panel is taken
away during operation of any of the channels. Depending on the converter chan-
nel, the operation of the control system was divided into modes depending on the
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operating conditions of the autonomous system as a whole. The operating condi-
tions of the autonomous system are: daytime, when the solar panel produces
enough energy to supply the load; evening or cloudy time, when solar energy is
insufficient to supply the load with the required amount of energy; dark time of
day, when the solar panel does not produce energy.

Temperature
Maximum power
voltage Um

Output layer
(1 neural)

Hiddin layer
(2 neural)

Input layer

(3 neural) Hiddin layer
(11 neural)

Fig. 7. Topology of artificial neural network

Based on these conditions, four modes of operation can be distinguished:

1. The first mode is to find the point of maximum power of the solar panel and
stabilization of the voltage at the load. The artificial neural network is used to
estimate how much energy from the solar panel remains unused and whether
a battery can be connected.

2. f there is an excess of energy from the solar panel, this system allows you
to «give» part of the energy to the battery by connecting the battery charging
channel. The control system, guided by the data received from the INS, ensures a
smooth transition from mode 1 to mode 2 so that no voltage sags occur at the load
when the battery is connected. The energy priority remains with the load, and the
excess energy from the solar panel is stored in the battery.

3. In the event that the illumination starts to decrease, the control system, re-
ceiving a task signal from the artificial neural network, gradually reduces the
charging current of the battery to avoid overvoltage on the load. In this case, the
maximum power is drawn from the solar panel, and the lack of energy is replen-
ished by the battery.

4. The battery provides the load with stabilized voltage at the required level.
The simplified structure of the developed control system is shown Fig. 8.
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Fig. 8. Structure of the multiport converter control system direct current

Simulation model. The power circuit model and intelligent control system
implemented on Matlab software elements are shown in Fig. 9-10.

There are several main blocks in the control system:

1. Artificial neural network block. ANN provides the mode tracking the
maximum power point. The network input receives signals corresponding to the
conditions in which the solar module is located: temperature, solar radiation,
current and voltage at the output terminals of the solar module. The neural
network generates two signals: a voltage signal corresponding to the maximum
power voltage and a signal of the difference between the voltage at the maximum
power point and the actual maximum power voltage of the solar panel.
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Fig. 9. Power circuit diagram of the converter
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Fig. 10. Intelligent control system

2. Current regulator SB. This block compares the signal of the INS with the
solar battery voltage and determines the operation mode of the circuit. Next, the
PWM block generates control pulses that are fed to transistor V'7T1.

3. Battery charge regulator. Comparing the voltage of the solar panel with the
voltage of the maximum power of the INS, the PWM generates control pulses of
transistor VT2, storing the excess energy of the SB into the battery.

4. Battery discharge regulator. Performs the function of voltage stabilization
on the load when powered by the battery.

5. There are also charge and discharge prohibition blocks in the control sys-
tem, providing protection against overcharging or complete discharge of the bat-
tery, which significantly extends the life of the battery.

The current and voltage diagrams for the main operating modes of the circuit
are given as the results of numerical experiment.

Fig. 11 shows the time diagrams of input and output voltages and battery cur-
rent. These conditions correspond to the illumination level £ = 50,0 W/m, tem-
perature 7 =35 °C.
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Fig. 11. the time diagrams of input and output voltages and battery current
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Analyzing the obtained graphs, it can be stated that this illumination is suffi-
cient to stabilize the voltage at 24 V. Excess energy is stored in the accumulator
battery. the supply voltage received from the output of the neural network is
UMPPT = 20,32 V. In this case, the steady-state voltage at the solar panel is
Usy = 20,49 V. Thus, the system draws maximum energy from the solar panel with
an accuracy of 99,2 %.
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YIK 622.631.6
BeTpoBrblie 3p03MOHHBIE TPOLECCHI B AXAJCKOM
Besasite TypkMeHncTaHa

Meipatbepauves f., AmanoB M. D., Taiinues f. I'., T'oxsixos I1. E.
TypkMeHCKH# rocy1apcTBEHHBIA apXUTEKTYPHO-CTPOUTEIbHBIA HHCTUTYT
Amrabat, TypkmeHucTaH

B Axancxom eenasame npu coemecmnom eauAHUU AHMPONOSEHHBIX U NPUPOO-
HLIX (hakmopog 0ecmpyKmuGHvle Npoyeccyl 8 NOYGAX CA3AHbI, NPedlcoe 8Ce20,
¢ pazeumuem 6emposotl 3po3uu noys. Cpedu KIuMamuieckux ¢axmopos, cno-
COOCMBYIOWUX PA3GUMUIO IPO3UU NOUE, OCHOBHLIMU AGNAIOMCA. MemMnepamypa
6030yXa, KOIUYECMBO U UHIMEHCUBHOCMb 0CAOKO8, A MAKICe CKOPOCb U HANPAS-
JleHue 6empoe.

B pa3HBIX MPUPOAHBIX 30HAX KIIMMaTHYECKUE XapaKTEPUCTHKH MOTYT CyIIe-
CTBEHHO OTJIMYATHCS, YTO ONpEAENseT NPEHUMYIIECTBEHHOE Pa3BUTHE BETPOBOU
9PO3HMHU MOYB. DTO HEOOXOJAMMO YUHTHIBATh IPH OPraHU3alUU CHCTEMBI TIPOTH-
BOYPO3MOHHBIX MEPONPUATHI B perroHe. BeTpoBas 3po3ust BO3HUKaeT Ha 00JIb-
IIUX TEPPUTOPHAX M 3arPs3HACT OKPYKAIOIIYIO NPHUPOAHYIO Cpely aTMochepsl
u rugpocdepsr [1-3].

Tabmuma 1
3HaueHHA CPEIHNX MECTIHBIX M FOJOBBIX TEMIIEPATyp BosayXa f, °C
M OCaJKOB, MM

Mecsiipl 1 2 3 4 5 6 Brox
t,C° 0,6 3,9 7.4 16,2 23,3 27,0
Ocajku, 24 32 43 30 25 19
MM
Mecsipl 7 8 9 10 11 12
¢, CO 30,5 29,2 21,9 16,4 12,5 2,8 16, 2
Ocajku, 6 2 3 11 17 16 228
MM

Ha puc. 1 nokazana nosropsieMocTs (%) HanpaBJIeHUH BETpa 3a rof.
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