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2. MAV Power Resources

Aircraft drag reduction is one of the main factors for
increasing the flight endurance. Parameters that can be
optimized to reduce drag are the geometric parameters such
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when the solar cells cannot produce enough power flying
under clouds or in the dark. In other words, the combination
of solar cells and batteries might provide a hybrid source that
can be used for powering MAVs. As shown in figure 4, solar
cells convert solar energy into electrical energy to be used by
an electric motor [7].
Today, with the recent developments and the emergence
of flexible and thin solar cells, it has changed the landscape
and made solar power a reality.

the aspect ratio of 1.5, and INV-CRE plan form has more
efficiency than Zimmerman. In an aspect ratio of 1.75, INVCRE plan form is more efficient than Zimmerman plan form
and CRE plan form has the minimal drag. In an aspect ratio
of 2, CRE and INV-CRE plan forms have less drag and INVCRE plan form has greater efficiency than Zimmerman plan
form. Among the above plan forms, the reverse Zimmerman
is the best choice in term of efficiency and CRE plan form is
recommended for the lowest drag. Thus, this latter shape is
the best choice because the drag is the lowest which assist
in providing longer endurance. So, it can be concluded that
typical plan forms influence the power consumption of an
aircraft. Fig. 3 shows the battery capacity against wing span
at different wing areas [5-6].
As seen in Fig. 3, increasing surface area and wing span
requires higher battery capacity storage.

5. Aircraft design with solar cells

Nowadays, solar cells are thin, flexible, low weight, and
efficient and can be used in small Unmanned Aerial Vehicles
(UAVs).
Many examples exist for solar energy use in UAV. But today
a notable example, which is close to micro UAV dimensions,
4. The use of solar cells in drones
is the Silver Sky aircraft which has a flight endurance of about
2 hours. Hence, the use of solar energy is reality in MAVs with
a wing span of 0.77 meter or higher. Solar cells usually cover
One possible energy sources for enhancing flight
the surface of the aircraft and when the aircraft is exposed to
endurance is solar power. The first flight with using solar
the sun the cells change the sun’s rays into electrical energy.
cells occurred in November, 1974 by the Astroflight
The airplane plan form should be used to allow the most
Sunrise airplane in California. The next solar plane named
solar cells to be installed. The ratio of the weight of solar cells
the Gossamer Penguin flew in 1980. Other examples of
to electrical equipment used in the MAV is an important
unmanned aircrafts were the Centurion, the Pathfinder, and
parameter when implementing cells. Solar cells on the
the Helios. As noted above, the increased use of unmanned
aircraft must be small sizes, so the ratio will increase overall
aircraft in different missions ranging from military to civil,
efficiency. Solar cells are made of silicon. These cells are not
during recent years has been made possible by engineers
suitable to supply enough power to fly, but they can be used
who have optimized the performance of these air vehicles.
for charging batteries. The solar cells must have low weight,
One issue limiting micro air vehicles is the high power
be flexible, and have a high efficiency. Thin-Film Solar Cell
consumption
and
the
limited
power
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due
to
weight
Zimmerman. CRE plan form has a minimal drag.
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choiceused
in termtoof increase
efficiency and
CRE plan form
is can be used on a larger surface of the wings and
(TFSC)
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fuselage.
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can
thin layers in planes has reduced aerodynamic
energy
source that can
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systems.
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Figure 3 shows
the
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battery capacity against wing span at different wing
battery
discharge
by solar cells a battery diode is used.
engine
and
other
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devices
to
draw
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efficiency than Zimmerman plan form. Among the
areas [5-6].
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As seen in Fig. 3, increasing surface area and wing span requires higher battery capacity storage.
Today, with the recent developments and the
emergence of flexibleand thin solar cells and has
changed the landscape and made solar power a reality.
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One possible energy sources for enhancing flight
endurance is solar power. The first flight with using
solar cells occurred in November, 1974 by the
Astroflight Sunrise airplane in California. The next
solar plane named the Gossamer Penguin flew in
1980. Other examples of unmanned aircrafts were the
Centurion, the Pathfinder, and the Helios. As noted
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common method used to increase flight endurance is
5. Aircraft design with solar cells
the use of solar energy. Solar cells are an unlimited
energy source that can be usedNowadays,
for enginessolar
and cells
otherare thin, flexible, low weight,
systems. An electronic circuit may
necessary
thebe used in small Unmanned
and be
efficient
andforcan
engine and other electronic devices
to draw(UAVs).
power
Aerial Vehicles
from solar cells and to recharge the battery, which is
used as a backup when the solar cells cannot produce

parameters that have a great impact on the maximum
power output of solar cells is the amount of solar
radiation absorbed by the solar cell. To achieve
maximum power, you should keep the resistance of
solar cells at a maximum. Solar cells current voltage
curves show a point with maximum power output. The
load on solar cells changes over time and this also
affects optimal power. A maximum power cell should
be used so that solar cells work with a reasonable level
of efficiency and produce optimal power. In fact, the
maximum power load tracking on the solar cells can
be kept at an optimal position. This detector does this
by matching of load impedance with the solar cells
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them.
One major limitation of solar cells is their high costs, low
One of the major issues that concern the arrangement of
efficiency, and non-liner response associated with low levels
solar cells is the use of bypass diodes. These diodes are used
of solar radiation and environmental temperature. One of
to deal with the effects of malfunctioning panels. Figure 4
the parameters that have a great impact on the maximum
represents a MAV equipped with solar cells.
power output of solar cells is the amount of solar radiation
absorbed by the solar cell. To achieve maximum power, you
should keep the resistance of solar cells at a maximum. Solar
6. Optimizing solar cells
cells current voltage curves show a point with maximum
power output. The load on solar cells changes over time
Undoubtedly, in recent decades this has been a rapid
and this also affects optimal power. A maximum power cell
transition of volumetric systems to quantum systems with low
should be used so that solar cells work with a reasonable
dimensions in many areas especially in the fields of detectors,
level of efficiency and produce optimal power. In fact, the
lasers, and solar cells. The advantage of such systems such
maximum power load tracking on the solar cells can be kept
as quantum wells in solar cells is high conversion efficiency,
at an optimal position. This detector does this by matching of
broad spectral response, the ability of these systems to
load impedance with the solar cells internal impedance. So
perform and varied designs that can accomodate different
using Maximum Power Point Tracking (MPPT) allows solar
parameters. They can be economical, light weight, and easily
cells to exist with highest performance.
built with background experience and a long history in the
Another issue that affect the efficiency of solar cells are
field of semiconductor technology as InGaAs, AlGaAs, and
temperature; increased temperatures reduce the power
GaAs. Today, among the topics of interest to the scientific
output of solar cells. Because the cell’s energy production is
community and research in solar cells is debate about
limited, to achieve the required voltage and current series
transition ofwith
volumetric
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to quantum systems
diodes
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andperformance
optimization
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quantum
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the output of a solar array may be connected to them.
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circuit (due to damage or failure, or restricted light), causes
parameters they can be economical, light weight, and
solar cells.
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the total energy of the system to hang. Ordering solar
history in the field of semiconductor technology as
cells in series may produce higher voltage. If solar cells
InGaAs, AlGaAs, and GaAs. Today, among the topics
to the scientific
community and research in
7. Modeling solar cells inofsolar
ainterest
quantum
well
are connected in series, they charge the battery directly
cells is debate about optimization of a solar cell’s
performance with quantum well structure. Because in
and almost 10 percent of the solar energy is converted to
these structures, there are several free parameters in
Among the types of structuresthethat
existbutforchanging
solar cells
electricity. If solar cells are connected to the battery, they
design,
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well solar cells such
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scheme
is ofone
of the
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carrier impact.

Wave functions obtained by solving the Schrodinger
equation show the impressive power fluctuation
which is the most important factor in solar absorption.
This quantity is defined by equation (2) in which Meh is fluctuation power, ψe(z) is Electron wave
function and ψh(z) is the Hole wave function.
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Figure 11. Function of the solar spectrum
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