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Solar cell shading or the failure of several photocells changes the output e age characteristic. This
paper discusses an algorithm for approaching and searching the maxim@ny power” generated on board the
spacecraft, which is all-important for fast charging of the secondary soufce trical energy since the time

spent on the sunny side in low orbits are limited by time. Curregtly, algorithms for finding maximum power work
in ideal cases, and simple and effective algorithms are needed in ca solar panel shading or failure of
photocell/cells. In this paper, a simulation of a solar panel in va conditions is carried out. An algorithm for
constructing the output volt ampere characteristics of a solar, n olar panel is implemented. Experiments

of various algorithms on real devices have also been g@rriegdigut.
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Introduction

The number of satellites in low ea is growing every year and will reach 100,000 satellites by
2030 [1]. The size of satellites is #8@peasing” due to the development of technologies in the field of
electronics, but the energy nee fecraft are increasing due to the increase in the flight task. There
is also a growing number of ra atelliies that use an active payload and their consumption is much higher
than that of optical spacecra teNites in low orbits have a limited amount of time on the sunny side, so the
challenge is to speed up t e@po the battery while passing through the consecrated part of the satellite's
orbit [2]. The spa ply system uses two types of charge: direct energy transfer (DET-Direct

Energy Transfer) [3 i power point tracking (MPPT) method [4]. Direct Power Transfer - Without
the usage of conv. ulators, power from the solar panel is sent directly to loads.

power from the solar panel, which depends on various parameters of the satellite,
such clination of the solar panel relative to the sun, the temperature on the solar cells,
effie is an integral parameter, service life and other criteria, the spacecraft power supply system
uses th of tracking the maximum power.

shading cases, there are currently algorithms (MPPT algorithms for partial shading conditions) such as meta-
heuristics, fuzzy logic based methods, numerical and mathematical application methods, hardware and
modified conventional methods and etc. The onboard computer of the spacecraft is limited in computing
power and the above algorithms require a lot of computing power. The developed algorithm reduces the load
on the onboard computer.

1. Implementation of these algorithms on satellites KazEOSat - 1 and KazEOSat — 2

At the moment, JSC “National Company “Kazakhstan Gharysh Sapary” operates two optical remote
sensing satellites KazEOSat - 1 - high resolution and KazEOSat - 2 - medium resolution, which is part of the
space system of the Republic of Kazakhstan. The KazEOSat - 1 has a power supply system, which is
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implemented using direct energy transfer technology (DET) and the electrical architecture of the spacecraft
is shown in Figure 1. The PCDU is a power control and distribution unit that uses a direct energy transfer
system. The solar array generates energy, which is sent to the PCDU to charge the battery and supplies
subsystems of the spacecraft with power:

- Onboard computer;

- Communication system (S-band and X-band);

- Attitude and orbit control system (reaction wheels, star tracker, GPS module, magnitorque and etc.).
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Fig.1. Electrical arc of the KazEOSat -1.

The KazEOSat-2 satellite power s@stem is shown in Figure 2, this spacecraft has an MPPT

charge system [5].
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Fig.2. Electrical architecture of the KazEOSat — 2.

On the satellite KazEOSat - 2, the solar array generates an electric current, which is directed to the
battery charge regulator (BCR), BCR has the MPPT algorithm installed. Further, the current with maximum
power charges the battery and part of the energy is directed to the energy distribution module.

2. MPPT algorithms (methods)

There are numerous MPPT methods available at the moment for locating a spot with the greatest power.

The most popular ones are:
- Perturb and observe method (P-&-O) [6];
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- Incremental conductance method (IC) [7];

- Current sweep method (CS) [8];

- Constant voltage method (CV) [9];

- Temperature method [10].

Currently, satellites use the P-&-O method and the IC Method, since these algorithms are more stable in
finding MPPT. These algorithms have been modeled in Python for a photocell and a solar panel. The
photocell’s electrical circuit is shown in Figure 3 [11 - 12].
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Fig.3. The electrical circuit of the photocell.

The code is implemented in Python [13] for simulating a solar cell a loys yAcident light intensities
and temperatures in the form of a diagram shown in Figure 4.

m- the particular module
of the pvlib library. Pvlib
python is a community
supported tool that provides a
set of functions and classes for
simulating the performance of
photovoltaic energy systems

PV module data from EowechiErar

a datasheet

Output P(V) and
I(V) curve

1. Estimates parameters for the CEC single diode
model (SDM) using the SAM SDK.
---------------------------------- s — 2. Use the calcparams_cec() function, the input
parameters and self module_parameters to
calculate the medule currents and resistances.
3. Calcuates DC power according to the PVWatts

model.

Fig.4. The python code algorithm for solar panels in the form of the diagram

The relationship between current and voltage in proportion to light intensity is seen in Figure 5. Figure
6 is showed the simulation results of the dependence between voltage and current at different temperatures
on a photovoltaic cell. Figure 7 is showed the dependence of the maximum power and voltage on the
different angles.
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Fig.8. The electrical circuit of the solar panel.

outcomes are shown in Figure 9, which shows the dependence of current on voltage and
ge. These graphs are obtained by simulating the solar panel, under conditions when all
photocells are working properly. The dependence of current on voltage is shown in Figure 9 a) and Figure 9
b) shows the curve of power on voltage.

Experiments were also carried out with real devices for the implementation of MPPT algorithms. A
power board and a controller that is developed using the high-performance automotive grade microcontroller
(TMS 470) make up the hardware and software complex for optimizing the search and selection of the
greatest output power from the primary sources of satellites.
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Fig.9. The results of the simulation of the solar panel. )

Figure 10 depicts the power board which was made with the help of the CADS Ware, which is
used to design printed circuit boards. A Gerber file that comprises numerous ical’elements was
created for the fabrication of printed circuit boards. Figure 11 shows the TMS 4 ich realizes algorithms
to find MPPT.

Fig.11. The TMS 470.

The MPPT controller measures t, voltage, and battery voltage. The algorithm for determining the
maximum power point then gefefate M signal to create a duty cycle using the control of MOSFETSs
based on the input data. The ntroller’s operation is based on locating the solar panel’s maximum
power point. The followin fluence where the maximum power point is located: Environment
temperature; Solarganeldi
, TMS 470, electronic load, and power source are all depicted in Figure 12.
| testing has been performed. The results of defining the maximum power of
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i own in Figure 13.
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Fig.12. The assembly of controller and Fig.13. The results of the assembled devices.
power boards.
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Used algorithms search for maximum power and charge the spacecraft battery with the appropriate
current and voltage, which is equal to the MPPT. The algorithms find the pick of power when the solar panel
is not shaded or there is no photocell/cells failure.

3. MPPT algorithm for shading or failure of a photocell/cells

The satellite’s solar panel may be obscured by the structure or the solar array elements may fail. Robust
algorithms are needed that work in all cases, including the worst. This article shows a solution for finding the
MPPT when a panel is shaded or a photocell or multiple elements fail. In these cases, the panel has different
current-voltage characteristics, which are shown in Figures 14 and 15.
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Fig.14. The results of shaded or a photocellwple elements fail.

Itv) A PV)

s
5
4

-3
2
| ]
04 ; T T T 1 T T T
@5. The results of shaded or failure of a photocell/cells.

Figure 16 a) co the results in figure 14. Figure 16 b) corresponds to the results in figure 15.
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Fig.16. Shaded or failure sectors in the solar panel
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The foregoing algorithms for discovering MPPT start to fail when shading or failure of the
photocell/cells in Figure 14 and 15 occur because numerous maxima arise, and there is no longer a search for
the global maximum that is required for quick secondary source of charging. Nowadays, there are algorithms
for finding MPPT during shading and failure photocell/cells, but they are very difficult to implement and put
a lot of load on the controller when searching [16 - 17]. Figure 17 shows the implementation of the methods
for finding the maximum power in the event of darkening or loss of photocells.
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Fig. 17. MPPT algorithm in case of darkening or loss of a el@ements

The implementation of finding the MPPT in cases of shddin of photocells is shown in Figure
18. According to Figure 17, the voltage axis is divided into equal s by steps that are multiples of the open
circuit voltage of the solar cell or cells linked in series.

| Pmax
|| Search

is determined by comparing the areas to one another. The MPPT is established in the region where the
maximum area is established utilizing the P-&-O or IC methods.

Conclusion

In the event of darkening or photoconverter failure, algorithms for determining the MPPT were
examined. The proposed MPPT search algorithm uses minimal mathematical formulas that will not load the
controller's work. And this algorithm can be used on board the spacecraft without taking into account
temperature changes on the solar battery and also the period of active existence. As a result of the analysis of
the literature, it can be concluded that the proposed solution is relevant, optimal and will be used in future
missions on spacecraft, as well as on ground-based solar stations.
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