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Abstract

One of the main Cubesats bus limitations is the available on-board power. The power of all spacecraft’s missions
relies on solar arrays of different types; the orientation of these panels is one of the problems encountered in the
development and design of cubesats. The energy balance of these cubesats needs to be designed properly for the
satellite to safely operate and carry out successive missions on the orbit. It is extremely important to estimate
accurately the production and consumption of electrical energy provided by fixed or deployable and orientable solar
panels to ensure the success of satellite mission. The solar panel performance strongly depends on the relative
orientation of the sun, the orbit and the attitude motion. Selecting efficient hardware will lead to creating a system
that can generate enough power to meet the desired power budget in the orbit. The focus of this paper is developing
an approach for calculating and analyzing cubesats solar power generation under STK software. This approach aims
to create a flowchart for calculating the solar power generation of a cubesats model with different solar panels
systems to greatly enhance the success of Cubesat missions.
Keywords: Cubesats, Solar panels systems, On-board power, Solar power generation, Approach of Power analysis,
STK software.

1. Introduction

CubeSats are miniature satellites that are designed for a variety of scientific and commercial missions. They
typically have limited space and power budgets, which pose significant challenges for their design and operation.
One of the critical aspects of a CubeSats mission is the power generation and management system, which must be
capable of providing sufficient power to the on-board systems during different mission phases. Solar generators are
commonly used for CubeSats power generation due to their efficiency and reliability. In this paper, we present an
approach for analysing the performance of a CubeSats solar generator for on-board power generation using an STK
software-based approach. The approach involves using the STK software to simulate the power generation of the
CubeSats during different mission scenarios. The solar generator model is designed based on the specifications of a
commercial CubeSats solar generator, which consists of a set of photovoltaic panels and batteries. The simulation
involves modelling the CubeSats orbit and attitude, as well as the solar illumination conditions during the mission.
The STK software is used to calculate the solar flux on the photovoltaic panels and the power generated by the solar
generator. The generated power is then used to simulate the consumption of the on-board systems during different
mission phases [1].

As State-of-the-Art of CubeSats Solar Power Generation on SmallSats, there were several academic papers and
research studies published on the topic of analysing CubeSats solar power generation. Power generation on CubeSats
is a necessity typically governed by a common solar power architecture. As the SmallSat missions drives the need for
lower cost and increased production rates of space solar arrays, the standardization of solar array and panel designs,
deployment mechanisms, and power integration will be critical to meet the desire of large proliferated constellations.
Here are some research works and papers: "Power Estimation for CubeSats with High-Aspect-Ratio Solar Panels" by
Y. Wang et al. (2019). This paper proposes a method for power estimation of CubeSats with high-aspect-ratio solar
panels, which is based on the analytical modelling of the solar panel system and considers the shadowing effect of
the spacecraft body [2].
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"A Comprehensive Approach to Solar Power System Analysis and Modelling for CubeSats™ by C. C. Franco et
al. (2020). This paper presents a comprehensive approach to solar power system analysis and modelling for CubeSats,
which includes the development of a mathematical model, the integration of simulation tools, and the validation of
the results through experimental tests [3]. "A Framework for Predicting Power Generation from Solar Panels on
CubeSats" by J. M. Collins et al. (2020). This paper proposes a framework for predicting power generation from
solar panels on CubeSats, which is based on the use of machine learning algorithms and considers factors such as
solar panel orientation, temperature, and degradation over time [4]. "Experimental Validation of a Solar Panel Model
for CubeSats in Low Earth Orbit" by J. P. Manrique et al. (2018). This paper presents an experimental validation of a
solar panel model for CubeSats in low Earth orbit, which is based on the use of a sun sensor, a temperature sensor,
and a voltage-current curve tracer [5]. Overall, these papers demonstrate the importance of developing an approach
for analysing CubeSats solar power generation, and highlight the various methods and tools that can be used to
achieve accurate results [6]

2. Material and methods

This part aims to create a flowchart for calculating the energy balance of a model with fixed and deployable solar
panels for a CubeSat in low orbit. To do this, it is essential to import the microsatellite model from Solidworks to
STK and then use the “Solar Panel” tool to draw up an energy balance of a microsatellite model with fixed solar
panels and another deployable one. This approach aims to demonstrate the impact of the orientation of solar panels
on the maximum power supplied in low orbit: case of microsatellites before going into the detail of the calculations
and the prototyping of a model with deployable solar panels [7, 8, 9].
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Fig. 1: Flow chart for calculating the energy balance of a model with fixed and deployable solar panels.
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3. Theory and calculation

CubeSats are small, standardized satellites that have revolutionized the way we approach space exploration. These
miniature satellites are often used for scientific research, technology demonstrations, and educational purposes. As
CubeSats continue to evolve, the need for efficient and reliable power generation becomes increasingly important.
Advances in technology have greatly improved the efficiency, size, and flexibility of solar panels, making them an
increasingly popular choice for CubeSat power generation. The size and efficiency of solar panels can vary
depending on the CubeSat's specific mission requirements. Many CubeSats use off-the-shelf solar panels, while
others use custom-made panels that are designed to fit the CubeSat's unique size and shape. The efficiency of solar
panels has greatly improved, making them an increasingly popular choice for CubeSat power generation. This
increased efficiency means that CubeSats can generate more power from the same size solar panel, allowing for
longer mission durations and more advanced scientific instruments. One of the most significant technological
advances in CubeSat solar panel power generation is miniaturization. As CubeSats continue to decrease in size, so do
their solar panels. CubeSat solar panels have become smaller, lighter, and more efficient, making them ideal for use
in even the smallest CubeSats. Miniaturization has also led to more flexibility in CubeSat design, allowing for solar
panels to be integrated into the CubeSat's structure in unique and creative ways [14, 15]. First part "calculation of the
energy balance", the power subsystem consists of three main components:

e Equipment for generating, storing and distributing electrical energy.
e A power budget to manage and distribute power.
e A production/capacity schedule to support satellite power consumption throughout the mission.

These points are interconnected; the choice of use in one allows progress in the other. Selecting efficient
hardware will lead to creating a system that can generate enough power to meet the desired power budget. An initial
energy budget provides an estimate of how much energy each component will draw at various points in the orbit.
This first budget guides a first choice of use of the type of solar panels. If the type of solar panel selected does not
meet the desired profile, adjustments must be made to the choice of using one type over the other up to where the
subsystem can fully support the mission. Energy requirements of other subsystems may therefore constrain the on-
board energy subsystem. The sum of the minimum power consumption of many components throughout the mission
defines a minimum power generation required. In order to ensure the success of the mission, it is extremely
important to accurately estimate the production and consumption of energy supplied whether by fixed solar panels or
deployable panels [10, 11, 12].

In this work, we have developed, created and carried out scenarios under the STK software of satellites having
fixed and deployable solar panels in orbit around the Earth which makes it possible to calculate the instantaneous
power received by the solar panels of these satellites; as well as to evaluate the moment for the flow of information
emitted by the satellites and received by the ground station and then the interpretation of the results. Two satellites
with fixed solar panels and one with deployable panels in LEO circular orbit, Nadir pointing type of attitude at an
altitude of 650 km were realized. A ground station has also been installed comprising an antenna and a receiver
allowing the transmission and reception of data by the satellites. An antenna has also been associated with the
satellite which will be used to transmit data to the ground station. Once this scenario was realized, we calculated the
instantaneous power received by the solar panels, as well as the surface covered by the satellite when it is detected by
the ground station. The Solar Panel tool allows us to model the exposure of the solar panels mounted on the satellite
over a given time interval, such as an orbit period. The result of the analysis can be used to determine the variable
availability of electric power for the operations to be performed by the bus and its payload. To calculate the electrical
power captured by solar panels at any given time, the Solar Panel tool applies the following basic power
equation [13, 17]:

Power = Efficiency » Soalr Intensity + Effective Area » 1358 :uz

Efficiency is specified for the solar panel in the satellite model file and varies between 0 and 1, solar intensity
varies from shade (0) to penumbra (0 < i < 1) to full sunlight (1). The Solar Panel tool calculates solar irradiance
over time by animating the timeline and periodically counting the pixels corresponding to the illuminated parts of the
considered solar panels. With energy production graphs, the analysis becomes a simple matter of comparing the
graphs with the energy balance. This build data can be exported from STK into an Excel spreadsheet.
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3.1 Construction of CubeSats with fixed and deployable solar panels:

In the design of solar panels of CubeSats, we had used a high-efficiency GaAs-Based solar cells with an
efficiency equal to 28 % and the number of solar cells used per panel is 14 cells. Figure 2 shows the characteristics
and the size of solar cells used in the design of CubeSats under Solidworks software. At first, my objective was to
build two types of Cube-Satellites one having fixed solar panels and the other one with deployable solar panels
comprising the characteristics illustrated in Table 1 using a construction software named Sketchup or Blender. And
then, we will export the CubeSats built on the STK software in Collada format “*.dae”, in which we will calculate
the power received by the solar panels of different CubeSats. Building accurate models required CAO files of the
solar panels, which to date have not been received. The solar panels used in this project were attached to a simple
rectangle representing the dimensions of the satellite. Each file was loaded into Blender as an .stl file and assigned to
their respective locations on the main satellite bus. It is important to ensure that each panel has the correct coordinate
system. As described in the previous RTA, the first step consists in making two 3D models of satellites with a
deployable solar panel, and another with fixed solar panels with the Solidworks software as shown in the following
figures.

Table 1. Characteristics of the two types of Built CubeSats with fixed and deployable solar panels

Parameters
Size (cmd) 10*10*10
Mass (Kg) 1.3
Altitude (Km) 650
Orbit (°) 97 - Circular
Antenna type Dipole
Pointing Earth
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Fig. 2. Characteristics and size of solar cells used in the design of CubeSats
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Fig. 3. 3D model of the satellite with fixed solar panels
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Fig. 4. 3D model of satellite with a deployable solar panel

The second step consists in exporting the CAO file, in the BLENDER software in order to fix the axes of the
types of CubeSats as indicated in the following figures. When designing with Solidworks, the solar cells must be
separated from the panel. Once the axes are well positioned, we must save the new axes so that our new model can
have the same style of coordinate system. The last step is to export our model as a file with a “*.dae” extension [16].
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Fig. 5. Opening the Solidworks 3D models of CubeSats in BLENDER

)

With the model built and saved as a digital asset modification file (“*.dae” needed for STK integration), assign
solar panel groups and their respective efficiencies, the “*.dae” file should be edited in NotePad++ according to the

following figure.

File Edit Search View Encoding Language Settings Tools Macro Run  Plugi
cHHER G sLbk|loe|ahm *x|EBE|=
;jnewnmeldaem‘

<2xml vers ="1.0" en .

[ <COLLADA xmlns="http: //www, 1lada.org/2005/11,
3 £ fasset>
3 <library cameras>

[l__<library lights>
<library_images/>
<library geometries>

clibrary visual scenss>
ElEORTAT \

Develop the visual scenes part

sion="1.4.1" xnlns:xsi="http;//www.w3.org/2001/XMLSchem:

Unix (LF) UTF-8

Ln:1039 Col:11 Sel:0|0

<
eXtensible Morkup Language file length:33 128891 fines: 1039

Fig. 6. Editing the “*.dae” file
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The previous figure shows a direct example of changes made to the “*.dae” file. After having developed the
Visual scenes part, we inject the lines highlighted in gray. These lines regroup the solar cells, and give an efficiency
of 28%.

File Edit Search View Encoding Language Settings Tools Macro Run  Plugi ?
P 3@ & Db |th%g| & x| EE|= Bo®l® )
[ new model dae \2]
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= gecmetry uri=rfthe Kube by hobbes - Side_Solar Panel-2-mesh’ name="the Kube by hobbes - Side Solar Par
es_-_Side_Solar_Panel-1" name="the Kube by hobbes - Side Solar Panel-1" type="NODE">
--075501456 0.00563863 0.8200503 3.72529¢-0 ~0.8200673 0.001521165 ~0.5591467 0 0.00188:
"#the_Kube_by_hobbes_-_Side_Solar_Panel-1-mesh” name="the Kube by hobbes - Side Solar Pai
2 <emtra type=tattach point'>
<cechnique profile=nAGIY>
<solar_panel group="Solar Panels" efficiency="28" />
</technique>
</extza>
</nod=>
E . Rube by _hobbes - Side Display Screen-3" name="the Kube by hobbes - Side Display Screen-3" type="NODI
=rtransforn’>-0.5591436 -0.00363863 0.8290503 3.72529¢-9 -0.8290673 0.001521165 -0.5391467 0 0.00183:
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Fig. 7. Grouping solar cells and injecting their efficiencies

3.2 Design of the project scenario under the STK software:

The next step is to create a scenario with the STK software. A scenario in STK is an instance of an analytical or
operational task that you model with STK. When we select Save from the File menu in STK, we save a scenario.
However, unlike other applications which save a single file, STK saves a scenario as a group of files comprising the
collection of objects relevant to the scenario. When we save a scenario, the scenario itself is saved as an object, and
each object in the scenario is saved individually. The scenario object file extension is “*.sc”. Once the scenario has
been created, we must change the model of the satellite with the one that we had modified with Notepad++.

We had installed an antenna on the CubeSats built for the transmission of data to the ground station. The
parameters of the installed antenna are given in Table 2.

Table 2. Characteristics of the antenna installed on CubeSats

Parameters
Design Frequency (GHz) 0.1458
Length (m) 0.514
Wate Length Ratio 0.2499
Efficiency (%) 100
Antenna type Dipole
Azimuth (°) 0
Elevation (°) 90

We have also created a ground station that’s associated with an antenna that has parameters in line with the
antenna installed on satellites in order to minimize the information losses and transmit commands to the satellites, as
well as a receiver having a circular polarization which can receive the wave regardless of the direction and capture
all the information transmitted by the satellites. After inserting a ground station, we must set the longitude and the
latitude so that it is located in Oran city of Algeria, for this we must set the station's own parameters. The ground
station parameters are given in Table 3, 4 and 5.
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Table 3. Characteristics of the Ground Station

Parameters
Type Geodetic
Laltitude (°) 35.6
Longitude (°) -0.6
Atitude (Km) 0.1
Atitude Reference WGS84

Table 4. Characteristics of the antenna installed on Ground Station

Parameters
Design Frequency (GHz) 0.1458
Length (m) 1
Wate Length Ratio 0.4863
Efficiency (%) 100
Antenna type Dipole
Azimuth (°) 0
Elevation (°) 90

Table 5. Characteristics of the receiver installed on Ground Station

Parameters
Design Frequency (GHz) 0.4375
Length (m) 1
Bandwidth (MHz) 0.01
GIT correspond to receiver noise (dB/k) 17.26
Polarization Right-hand Circular
Demodulator BPSK

After having determined all the parameters of the project, we began to design these models of CubeSats under the
STK software. In figure 8, we can observe the detection of the CubeSats by the ground station and we can also begin
to manipulate it in order to be able to calculate and determine the instantaneous power received by the sun at the
level of the solar panels, or even the instant or the satellite is detected by ground station.

AHAINDPNTRBIOR rronnmemme 5 © 4

DA O, P BRTA- /WS, 0, &,

Fig. 8. The designed CubeSats under STK software
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4. Simulations Results

After realizing and simulating the scenario, we must calculate a few quantities to verify that the satellites return
data consistent with reality. In our case, we considered that the solar panel which points in the direction of the sun
located in the upper face which is operational because the STK software does not manage to detect all the solar
panels. Figure 8 shows the trend and graph of the instantaneous power in watts obtained by the solar panels coming
from the sun as a function of time under the STK software and the figure 9 shows the Area of solar panel illuminated
by the sun for the two types of CubeSats. It can be seen that the power received is maximum for a value of 0.7 Watts
for CubeSats with fixed solar panels and 3.6 Watts for CubeSats with deployed solar panels respectively at certain
times when the solar panel is completely illuminated. We also observe that there are slight fluctuations in this power
which remains generally constant during this period and this is certainly due to the albedo of the Earth. To check that
this graph is coherent, we calculated the full orbital period using Kepler's 3rd law in a theoretical way and we will
compare the value obtained with the value present in the graph. According to Kepler's law:

_ 4'Pf: .
TemM+m)

T: 3

Where:

T: Period of the satellite.

G: Universal gravitational constant 6.67*10! ui.
M: Mass of the Earth (6.0*10%* Kg).

m: mass of the satellite (1.3 Kg).

a: Corresponds to the orbit radius (Earth radius + Satellite altitude).
we have neglected the mass of the satellite because it is much lower than the mass of the Earth, we will have:

_ 4m®x (7028 €3)°
T (667 e—11) * (6 e24)

-

T = 5851sec = 1h 30min

After calculation, we have obtained a period T= 1h30 min, which is in agreement with the graph, therefore the
calculation of the power is correct for Shadow/Day periods. From the graph of the power curve, we can calculate the
average power received by the solar panel, this power will correspond to the power stored by the satellite at the level
of these batteries to ensure its operation in orbit. It is calculated as follows:

P —_ ('PI"HCHH ax * Tﬂi‘lj

rECUE MOy (Tp;lz . Tpff]

Preceived max : Maximum power received by the solar panel.
Ton : Time corresponding to the maximum received power.
Tof : Time corresponding to zero power.

By calculation, we obtain an average received power about 1,9 watts by deployed solar panels CubeSat. After
putting into practice this scenario, we were able also to calculate certain specific parameters such as the
instantaneous power received by the solar panel of CubeSats, the average power received and the coverage of the
moment when CubeSats is detected by the ground station as shown in figure 11. This study can be allowed us to see
if the satellite powers its entire navigation system thanks in part to the power stored by the solar panels.
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Fig. 9. Graph of the instantaneous power obtained by the solar panels of the two types of CubeSats.
(a) CubeSat with fixed solar panel. (b) CubeSat with deployable solar panel.
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Fig. 10. Graph illustrating the Area of solar panel illuminated by the sun for the two types of CubeSats.
(a) CubeSat with fixed solar panel. (b) CubeSat with deployable solar panel.
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Fig. 11. Graph illustrating the coverage of the moment when CubeSats is detected by the ground station.
(a) CubeSat with fixed solar panel. (b) CubeSat with deployable solar panel.

—
Times (UTCG)

5. Simulations results discussions

The results analysis shows that the CubeSats solar generator is capable of providing sufficient power for the on-
board systems during the mission phases. The power generation comparison of deployable and fixed solar panels on
CubeSats is influenced by the orientation of the photovoltaic panels with respect to the sun and the distance of the
CubeSats from the sun. It depends on several factors such as the orientation of the panels, the angle of incidence of
sunlight, the efficiency of the solar cells, and the size of the panels. Here are comparisons and simulations results
discussions based on these factors:

e Deployable solar panels can be designed to track the sun, which allows them to maintain optimal orientation
throughout the day. This results in higher power generation compared to fixed panels that are typically
pointed in a fixed direction.

e The angle of incidence of sunlight on the solar panel affects its power generation. Deployable panels can be
designed to adjust their angle of incidence based on the position of the sun, while fixed panels cannot.

e The efficiency of the solar cells used in the panels affects the amount of power generated. The efficiency of
solar cells used in deployable and fixed panels can be the same, depending on the design.

e The size of the panels affects the amount of power generated. Deployable panels can be larger than fixed
panels since they can fold or unfold as needed, allowing for more surface area to be exposed to sunlight.

The analysis of simulation results based on these factors have shown that deployable solar panels can generate up
to 50% more power than fixed panels. However, the actual power generation will depend on the specific design of
the panels and the environmental conditions in space. It's important to note that deployable solar panels can be more
complex and expensive to design and deploy compared to fixed panels. Simulation results demonstrate also the
effectiveness of the STK software-based approach for analysing the performance of a CubeSat solar generator for
on-board power generation and highlight the importance of battery capacity for CubeSats power management, as
well as the need for more efficient photovoltaic panels for space applications. The limitations and recommendations
for future work are discussed in this paper. This developing approach provides a useful tool for optimizing the design
of the solar generator and the on-board power management system for CubeSats missions.
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6. Conclusions

In conclusion, the development of CubeSats has opened up new possibilities for space exploration and scientific
research. However, the power generation capabilities of these miniature satellites are limited due to their small size
and weight constraints. Therefore, a detailed analysis of the solar power generation potential of CubeSats is crucial
for their successful deployment and operation in space. This paper has proposed an approach and a useful method for
analysing CubeSats solar power generation which can be applied to a wide range of CubeSats missions that’s
considers various factors such as: the CubeSat's orbit, solar panel size and efficiency, and the orientation of the
CubesSats relative to the Sun. The approach involves modelling and simulating the power generation performance of
the CubeSat, and the results can be used to optimize the CubeSat's design and operation for maximum power
generation. The use of the STK software-based approach for power analysis of CubeSats solar generators is a
promising area of research that has the potential to greatly enhance the success of CubeSats missions. However, there
are still some challenges to be addressed, such as accurately modelling the space environment and improving the
accuracy of battery performance predictions. Overall, this developing approach can help researchers and engineers to
improve the power generation capabilities of CubeSats, leading to more efficient and cost-effective space missions.

References

[1] Tom Etchells, Lucy Berthoud. " Developing a Power Modelling Tool for CubeSats ". Etchells 1, 33rd Annual
AIAA/USU, Conference on Small Satellites (2019).

[2] Wang, Y., Gong, X., Zhang, W., & Liu, Z. (2019). " Power Estimation for CubeSats with High-Aspect-Ratio
Solar Panels ". IEEE Transactions on Aerospace and Electronic Systems, 55(6), 3486-3495.

[3] Franco, C. C., Kumar, A., Han, K., Garcia, A., & Dordizadeh, F. (2020). " A Comprehensive Approach to Solar
Power System Analysis and Modeling for CubeSats ". IEEE Transactions on Aerospace and Electronic Systems,
56(5), 3355-3365.

[4] Collins, J. M., Davis, R. M., & Spina, T. V. (2020). "A Framework for Predicting Power Generation from Solar
Panels on CubeSats ". Journal of Aerospace Information Systems, 17(12), 746-756.

[5] Manrique, J. P., Sarmiento, E. R., & Jaramillo, R. E. (2018). " Experimental Validation of a Solar Panel Model
for CubeSats in Low Earth Orbit ". IEEE Aerospace and Electronic Systems Magazine, 33(7), 54-61.

[6] I. Cervone, A. Gatto, L. D'Acquisto, " Design and Verification of a Power Management System for CubeSat with
Custom Solar Panels . 14th European Space Power Conference, ESPC 2020.

[7] H. Park, S. M. Kim, and S. H. Lee, "Analysis of Solar Panel Orientation for CubeSat Using Genetic Algorithm "
in IEEE Access, vol. 8, pp. 22182-22192, 2020.

[8] J. R. Porter, A. J. Keating, J. P. Taylor, J. C. Mankins, " Optimizing CubeSat power system design: defining the
optimal power generation-to-storage ratio " IEEE Aerospace Conference, Big Sky, MT, USA, 2014, pp. 111.

[9] Geuk-Nam Kim, Sang-Young Park, Taeyang Lee, Dae-Eun Kang, Soobin Jeon, Jihae Son, Namgyu Kim, Yeon-
Kyu Park, Youngbum Song. " Development of CubeSat systems in formation flying for the solar science
demonstration: The CANYVAL-C mission ". Elsevier-Advances in Space Research. Volume 68, Issue 11, 1
December 2021, Pages 4434-4455.

[10] Daniel T. Hernandez. " Cubesat Power System Design for High Precision, Solar Observation ". A project
present to The Faculty of the Department of Aerospace Engineering San Jose State University. May 2015.

SpaceOps-2023, 1D # 283 Page 12 of 13



17™ International Conference on Space Operations, Dubai, United Arab Emirates, 6 - 10 March 2023.
Please input the preferred copyright option as mentioned in the attached “SpaceOps-2023
Copyright Policy for Manuscripts and Presentations™
“Copyright ©2023 by Abdelkader HADJ-DIDA. Published by the Mohammed Bin Rashid Space Centre (MBRSC) on behalf of SpaceOps,
with permission and released to the MBRSC to publish in all forms.”

[11] Kharsansky, A., " Power Modelling and Budgeting Design and Validation with In-Orbit Data of Two
Commercial LEO Satellites " Proceedings of the 31st Annual AIAA/USU Conference on Small Satellites,
SSC17-X-08, 2017.

[12] Gonzalez-Llorente, J., and Ortiz-Rivera, E. I., " Comparison of Maximum Power Point Tracking Techniques in
Electrical Power Systems of CubeSats" Proceedings of the 27th Annual AIAA/USU Conference on Small
Satellites, SSC13-WK-4, 2013.

[13] Socolovsky, H., Muoz, S., Raggio, D., and Bolzi, C., " Development and Testing of Solar Panels for Small
Satellite Applications at CNEA " Proceedings of the 31st Annual AIAA/USU Conference on Small Satellites,
SSC17-P1-18, 2017.

[14] J. Walker and T. Lorentz, " Efficient Spacecraft Power Systems for CubeSats ", IEEE Aerospace and Electronic
Systems Magazine, vol. 32, no. 3, pp. 30-35, 2017.

[15] D. Kendall, " The Evolution of CubeSat Solar Panels "', Aerospace America, vol. 55, no. 5, pp. 40-45, 2019.

[16] Kirill V. Selivanovl, *, Igor A. Vasiliev2, and Arina A. Yakovenkol. " Use of Solar Panels in the Design of
Small CubeSat Spacecraft ". MATEC Web of Conferences 346, 03029 (2021) ICMTMTE 2021.
https://doi.org/10.1051/matecconf /202134603029

[17] D.J. Flood, " Satellite solar energy systems ", Proceedings of Power and Energy Systems in Converging
Markets, Melbourne, Victoria, Australia, 1997, pp. 12-, doi: 10.1109/INTLEC.1997.645857.

SpaceOps-2023, 1D # 283 Page 13 of 13



