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I. Abstract 
A remote control plane was designed, built and tested with the goal to maximize flight 

time. Multiple 30” x 20” foam boards were used to construct the wings, fuselage, and stabilizers. 
A 10 x 4.5 propeller generates the 1048 grams of thrust necessary for flight. Issues with the 
control surfaces limited the flight to just four seconds. The solar panels used could not generate 
enough power to power the main motor, so instead they were used to power a lighting system. 
The next step would be to put the solar panels in parallel with the lipo battery and a switch. 
When the solar panels reach the proper voltage, the switch would connect them to the main 
circuit and disconnect the battery. This would accomplish the goal of extending the flight time of 
a remote control plane. 
 
II. Motivation and History 

Ever since I was little, space and flight has been my source of inspiration. I loved Star 
Wars. Ender’s Game intrigued me. I would ask my dad questions that he could not answer. Are 
we the only ones living in this universe? Is there something beyond? What happened before the 
Big Bang? Recently when we sent weather balloons up into the stratosphere and saw the clouds 
and the blue atmosphere and the darkness above, I knew that I had to continue to pursue this 
dream of exploring the unknown.  

Humans have been interested in flight for centuries. During the Renaissance, for 
example, thinkers like Leonardo Da Vinci were looking at the future of mankind. Leonardo was 
one such inventor who was fascinated in flight. He designed “helicopters,” parachutes, and 
gliders. He even studied the wing structure of a bat to figure out how it flies [1]. Eventually, in 
1485, he detailed plans for a human-powered ornithopter which would mimic the flight of a bird 
by flapping its wings (see figure 1). While Leonardo’s plan was much more detailed, he was not 
the first to think of an ornithopter. In fact, ancient Assyrian stone carvings depicted God in a 
winged chariot or ornithopter (~1000 BC). Ornithopters powered by biofuels were also described 
in the Hindu epic Ramayana (~700 BC) [2]. 

 
Figure 1: Leonardo da Vinci’s Human Powered Ornithopter Drawings [3]  
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There are multiple issues with ornithopters. They try to fly by imitating birds, but birds 
are light years ahead in terms of flight. The shape of the wing changes as the bird flies. The 
down strokes of the wings tend to be faster than the up strokes. Birds add many little 
complexities to become more efficient. This does not bode well for engineers. Engineers want 
something to become simpler and more efficient. They do not want to have to add complexities 
to become more efficient [4]. These complexities are still an issue in ornithopters today. People 
cannot fly more than a few feet in the air. The “successful” ornithopters tend to have been 
successful in gliding but not generating lift. 

In the late 18th century, paper manufacturers, Joseph-Michael and Jacques-Étienne 
Montgolfier, began testing lighter-than-air devices after they saw that a bag of paper would rise 
when heated air flew into it. In June 1783, they conducted a public demonstration of their hot air 
balloon. The unmanned flight went a mile into the air and lasted about 10 minutes. Their success 
quickly spread across all of France. They soon thought about attaching passengers. There was 
concern about the effects a change in altitude would have on human beings, so instead, a sheep, a 
duck, and a rooster were attached to a hanging basket below the balloon. In September 1783, 
they launched this balloon along with its animal passengers in front of King Louis XVI, Mary 
Antoinette and a large crowd. The flight lasted 8 minutes and was a success. Two months later, 
the Montgolfier brothers attempted the first manned balloon flight. They launched two men, 
Jean-François Pilâtre de Rozier and Marquis d’Arlandes in an untethered, 25 minute flight, from 
the center of Paris. People soon realized the limitations of this type of flight. The balloon rose 
because heated air was less dense than non-heated air and therefore pushed the balloon upwards. 
As the air cooled, the balloon would be forced to descend. In order to maintain flight, they would 
need to create a large flame in the basket to constantly heat the air. This posed too much risk 
because a small spark could easily cause the balloon to burn [5].  

At the same time, however, others were thinking of ideas that would utilize Henry 
Cavendish’s recent discovery: hydrogen gas. By December 1783, Jacques Charles made the first 
manned hydrogen balloon flight. He set records, flying at almost two miles in altitude and 
staying in the air for a total 45 minutes [6]. Hydrogen balloons gave way to more breakthroughs 
in aviation and eventually led to large airships as seen in figure 2. 
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Figure 2: Ferdinand von Zeppelin’s First Rigid Airship, the LZ-1 [7] 

 The German Aviation Association transported over 37,000 people on Zeppelins in the 
early 20th century [8]. However, the airship era did not last long. In 1937 the LZ 129 
Hindenburg crashed in New Jersey, killing 36 people. This disaster was caught on news 
coverage, photographs, and by eyewitness accounts over the radio. The widespread coverage of 
this event completely changed public opinion towards airships. 

Fortunately for the success of aviation, other, more familiar forms of flight, were 
sprouting up at the same time in the early 20th century. While Zeppelins were beginning to be 
used in commercial flights, Orville and Wilbur Wright were developing something completely 
different: a controllable fixed wing aircraft. Now fixed wing aircrafts were not new. A kite 
mounted on a stick was the first successful fixed wing aircraft and had been built a long time 
ago. Nobody, however, had created a controllable fixed wing aircraft which would be necessary 
for a practical method for flying. 

Aviators from the 19th century knew that there were three motions that sailors often dealt 
with on their ships: pitch, roll, and yaw (see figure 13). These motions could be controlled to 
maintain flight. These aviators used rudders to control the yaw and would shift their weight to 
control the roll and pitch. This weight shifting technique was just too difficult. These pilots 
ended up fighting their aircraft just to stay in the air. The craft would not respond very quickly to 
the shifts in weight. The flights ended up mainly being straight line paths. The difficult controls 
caused many of these pioneers in aviation to end up injured or killed. The Wright brothers’ key 
contribution was solving this shortcoming. They had multiple insights. Rather than rely on 
weight shifting, they developed aerodynamic controls. These controls were surfaces that could 
move to change how the plane flies through the air. They created movable surfaces (now known 
as elevators, ailerons, and rudders) that could change the plane’s pitch, roll, and yaw [9]. On 
December 17, 1903, the Wright brothers made their first powered flight with three axis of control 
(pitch, roll, and yaw). Orville Wright controlled the plane in a 12 second flight that travelled 120 
feet (see figure 3).  
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Figure 3: Wright Brothers’ First Controlled Flight [10] 

By 1909, the Wrights had presented their designs to both the U.S. and French military 
and conducted public demonstrations of their flights. They had become celebrities. Flight as a 
business soon became a hot topic. Unfortunately for the Wright brothers, many people copied 
their design and fighting legal battles was just too much for them. Others, however, succeeded. 
Tony Jannus flew the first paid passenger flight from St. Petersburg, Florida to Tampa in 1914. 
Many recognizable aerospace companies were founded during this time: Lockheed and Martin in 
1912 (they eventually merged in 1995), Boeing in 1916. Jack Northrop even began his career in 
1916 as a draftsman at Lockheed. The aviation industry in the early 20th century was like 
technology industry today (the early 21st century). More and more companies started up in hopes 
of carving out a stake in this industry with such a high ceiling. International airports began 
opening up in the 1920s. In 1935, Boeing designed the first airplane with a pressurized cabin (see 
figure 4). The pressurized cabin allowed the plane to reach an altitude of 20,000 feet which was 
much higher than any other plane at that time. By the 1940s, these manufacturing companies 
ended up playing a huge role in the U.S. Air Force’s success in World War 2. By 1950, the 
transatlantic route becomes the world’s most traveled air route [11]. 
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Figure 4: Boeing 307 Stratoliner [12] 

Flight has played a critical role in the globalization of our society. What would take 
months by ship now takes just hours by plane. Businesses in one nation can have far reaching 
influences. Today, 2.2 million passengers fly every day in the U.S. alone [13]. Because of the 
high demand, two different business models have developed in the two largest aircraft 
manufacturers: Airbus and Boeing. 

Airbus has been designing planes that follow the “Hub-and-Spoke” model. This model 
routes planes travelling from small airports like Hartford to long haul destinations like London 
through a central hub such as Newark. The idea behind this is that multiple flights from smaller 
airports (the spokes) will go to Newark (the hub), and then one large, long haul flight will travel 
from hub to hub (Newark to London). While this is inefficient for the passengers as they would 
prefer to travel on a direct flight, this model is potentially better for the airline. Rather than 
having to run multiple routes from small airports to London, the airline can have just one route 
from Newark to London. This flight would have much more demand, so the airline could put a 
large aircraft on that route to meet that demand. This model is also desirable economically. 
Airlines can fly less flights at higher capacity which means they are being more efficient [14]. 
The Airbus A380 is designed to fit this need (see figure 5). They designed a double decker plane 
with a grand total of 615 seats. 
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Figure 5: The Airbus A380 is the Largest Passenger Plane in the World [15] 

Boeing has been designing planes that follow the “Point-to-Point” model. In this model, 
if passengers want to travel from Hartford to London, they can just take a direct flight there. 
After all, there still is demand for this route. In the past, small airplanes could not fly this route 
so airlines would have to use large planes. Since there was not enough demand to fill these large 
planes, airlines would just use the Hub-and-Spoke model so that they could fill these large 
planes. The problem with the Hub-and-Spoke model is that these large airplanes require more 
ground staff, crew, and fuel. It is expensive to use the Newark airport and much cheaper to use 
the Hartford airport. In addition they are travelling into busy airports that are more expensive to 
fly into. Because of these high costs, some airlines have been moving to the Point-to-Point model 
[16]. The Boeing 787 Dreamliner meets this need (see figure 6). It carries about 220 seats and 
has a fuel efficiency of about 102 mpg/seat. It has a long range of up to 8000 miles so it can fly 
these long routes. 
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Figure 6: Boeing 787 Dreamliner is the Company’s Most Fuel Efficient Plane [17] 
The Hub-and-Spoke model is declining and so is the Airbus A380. Boeing’s 787 has 

taken over 1,100 orders while Airbus’s A380 had just 300 [18]. The future of commercial 
aviation is going to be more nuanced between the Hub-and-Spoke and Point-to-Point models. 
Now, jet fuel has its limitations in efficiency. Researchers are looking into solar planes. If solar 
can get faster, stronger, and larger then it could be a viable option as airlines shift more towards 
the Point-to-Point model. 

One team such group working on this is the Solar Impulse. Led by Swiss engineer, André 
Borschberg, and psychiatrist, Bertrand Piccard, Solar Impulse goal has been to circumnavigate 
the world in a solar plane. This group’s second plane, the Solar Impulse 2 (as seen in figure 7), 
made history in 2016 when it finished its 16 month round-the-world trip (with multiple stops and 
repairs). It’s wingspan is greater than that of a Boeing 747, it contains over 17,000 solar cells, 
and it travels at just 50 mph [19]. The Solar Impulse 2 can fly for days without landing and 
theoretically forever. According to Piccard, the plane is hard to fly because the big wings make it 
hard to maneuver while the light weight makes it very sensitive to turbulence [20]. 
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Figure 7: The Solar Impulse 2 Flying Over San Francisco. Borschberg and Piccard alternated 

the flights, traveling from Abu Dhabi to Muscat to Ahmedabad to Varanasi to Mandalay to 
Chongqing to Nanjing to Nagoya to Kalaeloa to Mountain View to Phoenix to Tulsa to Dayton to 

Lehigh Valley to New York to Seville to Cairo and back to Abu Dhabi [21] 
With the impact that aviation has had on our society, it is important to look at new, 

innovative methods for flying. The idea behind this project is to build something that researchers 
are currently working on. This project will explore everything there is to know about airplanes: 
how they work, current theories and designs, fuel efficiency, economics, and the future of flight. 
I got the idea of building a solar plane after reading about it online. Solar planes are useful 
because they would solve a major issue with flight which is fuel consumption. 
 
III. Theory 
Forces 

A plane flies due to simple physics: the upward force is greater than the downward force. 
There are four main forces on an airplane: thrust, drag, lift, and weight (see figure 8). 
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Figure 8: Forces on an Airplane [22] 

All four of these forces are critical to the success of an airplane. The lift must be greater 
than the weight and the thrust must be greater than the drag in order for the plane to fly. 
 
Airfoils and Lift 

The airfoil is a curved structure designed to give an optimal lift to drag ratio. A wing is 
one example of this. A wing generates lift which is a force that goes in the opposite direction of 
the force from the weight of the aircraft. Lift is specifically defined as a “mechanical force that is 
generated from a solid object moving through a fluid” [23]. That is, that lift is a unique force 
created from a surface moving inside a fluid such as a wing moving inside air. It is always 
perpendicular to the flow of the fluid. 

 
Figure 9: How a Wing Generates Lift [24] 

The most popular explanation for how an airfoil generates lift relies on Bernoulli’s 
principle. Bernoulli’s principle states that the faster a fluid moves, the less pressure it exerts. This 
applies to air as well. Air travelling at a higher velocity exerts less pressure than slower moving 
air. As seen in figure 9, slower moving air below exerts more pressure than the faster moving air 
above. Now one would naturally ask, how does a wing change the velocity of the air? Air has 
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viscosity. When it comes in contact with a surface, it will be attracted to that surface. It tends to 
follow the curved surface of the airfoil. This tendency for fluids to follow curved surfaces is 
called the Coanda Effect. As the air bends around the wing, it pulls on the air above it to prevent 
any gaps in the air. This pull accelerates the air above downward. This acceleration increases the 
velocity of the air and thus the lift.  

Another explanation for lift relies on Newton’s laws. Newton’s Third Law states that for 
every action there is an equal and opposite reaction. For example a box resting on the floor exerts 
a force downwards on the floor and the floor exerts an equal and opposite force upwards on the 
box. In order for a wing to generate lift, it needs to utilize this fact. The wing needs to do some 
downward action on the air so that the air exerts an equal and opposite reaction upwards. This 
equal and opposite reaction would be the lift. 

 
Figure 10: Wing does not Generate Lift [25] 

 
Figure 11: Wing Generates Lift [26] 

The two figures above show streamlines flowing over a wing. In figure 10, the 
streamlines start parallel, bend around the airfoil, and then end parallel. The wing does no net 
action on the air to create a reaction. In figure 11, however, the streamlines change direction due 
to the airfoil. They start pointing slightly up, bend around the airfoil, and end up pointing down. 
The net action changed the direction of the streamline. It pushed air molecules down. As a result 
the air molecules exert an equal and opposite reaction. They exert a force upwards, creating lift. 
In fact, lift is directly proportional to the change in momentum of the air. 

Lift is given by the equation where Cl is the coefficient of lift, A is theClAρVL = 2
1 2  

area of the wings, is the air density and V is the plane’s velocity. The coefficient of lift can beρ  
determined experimentally in a wind tunnel. It is dependent on the density of air, viscosity and 
compressibility of the air, and angle of attack. When a stand on a scale is attached to the wing, 
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lift can be measured as the change in the reading on the scale. Velocity, air density, and wing 
area would remain constant. 

To confirm the wing area portion of the equation, multiple wings were tested in a wind 
tunnel. Three wings of different areas were placed on a scale in a wind tunnel. The change in 
weight was measured for each of these wings at the same wind speed. The following table shows 
the wing area and the average lift from the data. 

Wing Area (in2) Avg Lift (g) 

15.75 77 

21 92 

23.24 100 

Figure 12: Wind Tunnel Verification 
 
Control Surfaces and Axes of Rotation 

 
Figure 13: Control Surfaces [27] 

There are four main controls to an RC plane: throttle, ailerons, rudder, and elevators (as 
shown in figure 13). The throttle controls the speed of the propeller which in turn controls the 
speed of the plane. An electronic speed controller (ESC) controls the power to the motor 
proportionally to the movements of the joysticks on the transmitter. The other three control 
surfaces control the the pitch, roll, and yaw of the plane (see figure 14). Elevators control 
whether the nose of the plane points upwards or downwards, thus controlling the pitch. A servo 
moves according to input given from the transmitter to change the position of the elevators. 
When the elevators move down, the tail of the plane has more surface area exposed to the air 
underneath the plane and will generate more lift than before. This increase in lift will push the 
tail up, moving the nose down as a result. The opposite happens when the elevators move up 
instead of down. The ailerons control the roll of the plane. They both stabilize the plane and 
allow the plane to make a more fluid, “banked” turn. Without these, a small imbalance could 
cause the plane to veer into the ground because it would not be able to balance itself. To bank 
left, the left aileron moves up and the right aileron moves down. This causes the left wing to 
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generate less lift than the right wing and therefore cause the plane to rotate along the roll axis. 
Again, the opposite movement of the ailerons would cause the plane to bank in the opposite 
direction. The rudder changes the yaw of the plane to control the direction it travels in. To rotate 
left, the rudder moves to the left. To rotate right, the rudder moves to the right. 

 
Figure 14: Three Axis of Rotation of an Aircraft [28] 

 
Angle of Attack 

The angle of attack is the angle between the wing chord (see figure 15) and the flight 
path. A small angle is considered a low angle of attack while a large angle is considered a high 
angle of attack. As seen in Figure 16, just because the nose of the plane is up does not mean it 
has a high angle of attack. If the flight path is also upwards, then it actually has a low angle of 
attack. The same applies if the nose is level. If the flight path is straight, a level nose has a low 
angle of attack, but if the plane is descending and the nose is level, it has a high angle of attack. 
This angle of attack is the only factor other than velocity that affects the amount of lift generated 
from the wing. 
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Figure 15: Wing Chord [29] 

 
Figure 16: Angle of Attack [30] 

Each angle of attack has a corresponding speed that will generate the equivalent amount 
of lift to that of level flight. As the angle of attack increases, it creates more and more of a 
disturbance in the airflow. Eventually a wing will reach a stalling angle of attack where there is 
so much turbulence that it will no longer generate lift (see Figure 17). 
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Figure 17: Stalling Angle of Attack [31] 

 
Winglets and Wingtip Vortices 

At the edges of the wings, the low pressure air above the wing will meet with the high 
pressure air below the wing. Due to the difference in pressure, the high pressure air will curl 
upwards creating a vortex (see figure 18). These vortices contribute to the overall drag. 
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Figure 18: Wingtip Vortices [32] 

One way to counteract the drag from vortices is to add winglets to the end of the wings. 
Winglets are small airfoils that generate lift perpendicular to the wing. Because the plane is 
moving forward, there is a relative wind going past the winglets. Without wing tip vortices, this 
wind would cause them to generate lift inward, towards the fuselage, which would make them 
completely useless. However, the wingtip vortices slightly change the direction of the relative 
wind. The wind approaches at an angle to the winglet which allows the winglet to generate a 
small component of the lift in a forward direction (see figure 19). This forward lift is what helps 
to counteract the drag and make the plane more efficient. 

 
Figure 19: Lift From Winglet [33] 

 
Aspect Ratio 

The aspect ratio of the wings is the wing span divided by the wing chord. High aspect 
ratio wings are great for one thing: reduced drag. The small wing tips will have less vortex 
induced downwash (see figure 20). 
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Figure 20: Induced Drag [34] 

While reduced drag is important, there are multiple downsides to high aspect ratio wings. 
1) They are less structurally sound. High aspect ratio wings will bend more easily than low 
aspect ratio wings. 2) They are hard to maneuver. Longer wings are harder to maneuver because 
they have a higher moment of inertia. This is why acrobatic planes tend to have much shorter 
wings. 
 
Stability, Center of Gravity, and Downforce 

 
Figure 21: Longitudinal Stability [35] 

Keeping a plane stable in the air is all just a balancing act. There are many torques acting 
about the center of gravity. The role of the horizontal stabilizer is to provide a downforce to 
balance the torque. If the downforce were not present, the torque from lift would cause the plane 



 
 

Brown 17 

to pitch down. There are tradeoffs that need to be made with the size of the horizontal stabilizer. 
A small stabilizer will have less drag, but the plane will also be less stable. A large stabilizer will 
increase the drag but the plane will be much more stable. The best way to size the stabilizer is by 
using the equation where Vh = horizontal stabilizer volume, Sh = horizontal stabilizerV h = Sc

S ℓh h  
area, ℓh = horizontal stabilizer moment arm, S = wing area, c = average wing chord. 

The vertical stabilizer is similar to the horizontal stabilizer by keeping the plane stable 
latitudinally. It stops the nose from swinging side to side so that the plane flies straight.  

 
Propeller 

The propeller’s job is to convert power from the motor into thrust. In order for the plane 
to move, the force from thrust must be greater than the force from drag. Thrust is generated in a 
similar fashion to the way lift is generated. Propellers are basically rotating wings that act 
perpendicularly to lift. They have airfoils just like wings. The ‘twist’ in the propellers determines 
the angle of attack and therefore the amount of thrust they generate. Since the edge of the 
propeller has a greater linear velocity than the inside of the propeller, the angle of attack or the 
‘twist’ is steeper to generate an equivalent amount of force.  

Propellers are categorized by two attributes: diameter and pitch. The diameter just 
measures the length of the propeller. The larger the diameter, the slower the propeller will turn 
because larger diameter objects have greater moments of inertia. The pitch measures the distance 
the propeller will travel in each revolution of the motor. So the greater the pitch, the faster the 
plane will travel. 

One factor when looking at propellers is efficiency. As each blade travels through the air, 
it causes some turbulence which results in more drag. The more blades on the propeller, the more 
turbulence created, and thus the less efficient plane. Ideally, the plane would use a one bladed 
propeller, however, these are hard to buy and require counterweights to maintain the balance of 
the plane. 
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IV. Design 
Hardware 

 
Figure 22: Top View of Plane CAD Drawing 

The plane is made out of Readi-Board foam boards. These foam boards are the lightest 
ones available with a weight per unit area of 0.1916 grams per square inch [25]. As seen in figure 
23, the plane is expected to weigh 729.6 grams. 

Quantity Part Weight per Item (g) Total Weight (g) 

2 9x30” wing 103.464 206.928 

1 2.5x30” fuselage 299.808 299.808 

2 2x6” horizontal 
stabilizers 

2.299 4.598 

1 2x6” vertical 
stabilizer 

2.299 2.299 

4 Servo 9 36 

1 Brushless Outrunner 
Motor 

70 70 

1 Propeller 3 3 

1 LiPo Battery 82 82 
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1 ESC 25 25 

Total   729.6 grams 

Figure 23: Estimated Weight 
Fuselage 

The fuselage is the main body of the plain. In a commercial aircraft, the fuselage holds 
the crew, passengers, and cargo. In an RC plane, however, the fuselage holds just the battery and 
electronics. 

 
Figure 24: Fuselage CAD Drawing Side View 

The design is fairly simple. It is just a rectangular box that stores all of the electronics and 
connects to the wings. The fuselage is split into three sections: nose, center, and tail. The nose 
and tail are tapered to reduce drag. 
 
Wings 

 
Figure 25: Wing CAD Drawings 

Note that each wing is 9x30” so the total area from the wings is 540 in2. 
Each wing is made from a 20x30” foam board. Four lines (1, 9, 9.5. And 18.5 inches 

from the bottom of the board) are drawn. The board is folded between the 9 and 9.5 inch lines 
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such that there are 9 inches of board on the bottom and slightly more than 9 inches of board on 
top. To connect the two wings together, a wooden dowel is inserted into each wing. 

Given the estimated weight of the plane, 729.6 grams, and the wing area, 540 in2, this 
plane has a wing cube loading of 3.5 which would put it in the “glider” category. 
 
Stabilizers 

The stabilizers are pieces of foamboard. The horizontal stabilizer is 14.5 inches across 
and 2 inches long. A servo controls elevators at the back of the stabilizer. The vertical stabilizer 
is 2 inches wide and 4 inches in height. A servo controls the rudder at the end of the vertical 
stabilizer. 
 
Electronics 

 
Figure 26: Circuit Diagram 

Battery 
Lithium Polymer (LiPo) batteries are useful because they have a high energy stored to 

weight ratio. These batteries are made up of cells, each of which is 3.7 volts. The battery used on 
the plane is a Turnigy 2200mAh 3 cell 11.1 Volt LiPo battery. The 2200mAh rating means that it 
can supply 2200mA for an hour. It has a discharge rate of 20-30c. This means that it can reliably 
supply 44-66 amps of current during its lifetime. 

Since the battery can supply 2200mA for an hour, the total charge it can store equals 
2.2A*3600s = 7920 coulombs. The motor requires 18 amps of current so the battery can run the 
motor for 440 seconds (7.3 min). 
 
Transmitter and Receiver 

A HK-T6A 2.4 Ghz 6 channel transmitter from HobbyKing is used to control the plane. It 
communicates with the radio at the radio frequency 2.4 Ghz. The receiver that comes with it runs 
on 5 volts which come from the ESC’s BEC (Battery Elimination Circuit). The receiver sends 
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signals to the servos to change their positions and to the ESC to control the speed of the DC 
motor. 
 
Electronic Speed Controller (ESC) 

The ESC hooks up to three things: the motor, battery, and receiver. It converts the 11.1 
volts from the battery down to 5 volts which allows the receiver to run properly. The ESC used 
on the plane is a Turnigy 30A ESC with BEC. The motor uses 18 amps. Since this is a 30A ESC, 
it will not get as hot as and ESC rated at a lower amperage. It still does get warm, so it is placed 
in a location where it can get some airflow to cool it down. 
 
Brushless Motor 

The brushless motor used on the plane runs on DC current. The KV rating shows how 
many times the motor will turn for every volt applied. Since it is 1100 KV and the battery has 
11.1 volts, the RPM is 12,210. It uses 18 amps, so the power is 18*11.1 = 200 watts. 
 
Servos 

A servo is a special type of motor that has just 180° of rotation. Inside the servo is a DC 
motor, potentiometer, and control circuit. The potentiometer’s resistance changes as the motor 
rotates. The control circuit can therefore control how much the motor moves in that direction. 

Servo motors are used to move the control surfaces. The elevator servo is plugged into 
channel 2 on the receiver while the rudder servo is plugged into channel 1. The ailerons are 
connected to channel 5. 
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V. Results 

 
Figure 27: Final Plane 

Experimental Flight Time 4 seconds 

Theoretical Flight Time 7.3 min 

Wing Span 62.5 inches (1.58 m) 

Weight 1.65 pounds (750 grams) 

Flight Speed 10.2 mph (4.57 m/s) 

Thrust 10.28 newtons (1048 grams) 

Efficiency 28.3% 

Figure 28: Spec Table 
The experimental flight time is the time that the plane flew in practice. It was captured on 

video, so it was measured using the video timestamps. The theoretical flight time is the time that 
the plane could fly in theory. This number comes from the calculation done in the “electronics” 
section of this paper. It is how long the battery can power the main motor. The wing span was 
measured using a tape measure. The tape measure was placed from one wingtip to the other. The 
weight of the plane was measured on a scale. The plane was disassembled. All the parts were 
then stacked on top of each other so that they could fit on the scale. To measure the flight speed, 
a video was taken of the plane in flight. The plane traveled 0.5 feet in one frame. Since the video 
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was taken in 30 fps (the default for an iPhone 6 camera), the plane was traveling at 15 feet per 
second or about 10.2 mph. The same video was used to calculate the thrust. It took 10 frames for 
the plane to reach its maximum velocity. Since and , calculating the changeAF = M v/dtA = d  
in velocity over time will help determine the force from the propeller. The change in velocity 
over time was . Since the video was filmed at 30 fps, 10 frames is equivalent to 0.334.57 m/s

10 f rames  
seconds. The acceleration therefore was 13.71 m/s2. Since the plane’s mass was measured at 
0.750 kg, the force from thrust must therefore be 10.28 N (1048 grams of thrust). Efficiency is 

. The output power can be calculated as the work done by the propeller over time. This isP in
P out  

equal to . The motor travelled 6 feet in the 10 frames of video used to calculate the thrust,t
F d  

therefore the output power was 56.46 Watts. The input power can be calculated from the circuit 
with the equation . Since the motor takes 18 amps of current and the battery is 11.1VP = I  
volts, the power is 199.8 Watts. The efficiency, therefore, was 28.3%. 
 
VI. Conclusion 

In conclusion, the plane flew for a few seconds on its own. Due to issues with the control 
surfaces, it could not sustain flight for longer without crashing. To fix this, the servos would 
need to be secured better so that they do not move around in flight. In addition, they need a 
strong connection to the control surfaces so that the surfaces move immediately when the servo 
moves. The plane was pretty efficient at an efficiency of 28.3%. This could be improved by 
trying to reduce drag in various ways such as by adding winglets. A possible source of error in 
these measurements was the estimated distance in the video. A tape measure was not placed in 
the video, so distances had to be measured after the fact and then estimated. The solar panels 
could not generate enough power to replace the lipo battery, so instead they were used to power 
LEDs. While this project did not extend the flight time of the plane, it did show that even 
homemade remote control planes can be quite efficient. 
 
VII. The Next Step 

The control surfaces can be improved by using popsicle sticks to connect the servos to 
the control horns instead of paper clips. Once the control surfaces can properly control the plane 
in flight, a new circuit can be designed where a switch controls whether the lipo battery or the 
solar panels power the rest of the circuit. This design would extend the duration of the flight for 
much longer than the 7.3 minutes that the lipo battery can provide. In addition, more tests can be 
made to improve the efficiency. Winglets could be tested in a wind tunnel to see how much they 
reduce the drag. Lastly, the plane can be designed to last longer. Landing gear could be added to 
protect other portions of the plane from large impacts. 
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Appendix A. Parts List 

Quantity Part 
Description 

Needed For Price per 
Item 

Total Cost Where to Buy 

25 20x30” Readi 
Board Foam 
Board 

Fuselage, 
wings, 
stabilizers 

$1.00 $25.00 Owned 

1 Transmitter + 
Receiver 

Controlling 
plane 

$60.00 $60.00 Owned 

1 2200maH, 
11.1 V LiPo 
Battery + 
Charger 

Powering 
electronics 

$25.00 $25.00 Owned 

1 ESC w/ BEC Powering 
motor, 
receiver 

$10.00 $10.00 Owned 

4 9g Servos Control 
Surfaces 

$3.00 $9.00 Whitaker 

1 11x8 
Propeller 

Generating 
thrust 

$6.00 $6.00 Owned 

1 Brushless 
Outrunner 
Motor 

Moving 
propeller 

$14.00 $14.00 Owned 

Total Cost: $149.00 
 


