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I. Abstract 
 The goal of this project was to design and build an RC glider. Focus was specifically 
placed on designing an efficient glider and investigating original methods of crafting it. After 
researching flight and gliders, I designed a glider using CAD, tested different airfoils in a 
program and in a wind tunnel, and made a foam glider from blocks of extruded polystyrene foam 
and hotwire cutters. Tests from the wind tunnel confirmed that the low lift low drag RG15 airfoil 
is better fit for a glider than the high lift high drag S1223. The finished glider ended up flying 
well and was quite resilient, receiving only minor damage to the thin foam on the trailing edge of 
the wings. 
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II. Motivation and History 
This project was inspired by RC hobbyists such as Andrew Newton and Ed from 

Experimental Airlines [1, 2]. These individuals and many more like them put huge amounts of 
creativity and engineering into their aircraft and inspired this project to further the boundaries of 
RC aircraft.  

There are countless stories of flight, from the Greek myth of Daedalus and Icarus to 
poems of feathered Chinese emperors and Andalusian geniuses. In the 13th century Marco Polo 
described man-carrying kites in China which were used for military intelligence, scouting for 
ships, and even punishment [3]. It is believed that the Chinese had this technology for a very 
long time, the approximate year of invention is estimated to be the 5th century BC. The first 
confirmed record of non-kite heavier-than-air flight was from the 11th century monk Eilmer of 
Malmesbury. The historian William of Malmesbury wrote that Eilmer attached wings to his arms 
and jumped from the top of a tower, flying over 200 meters before falling and breaking both his 
legs [4]. He claimed Eilmer would say the reason he fell was that he forgot to provide himself a 
tail - a lesson quickly learned by later inventors. 

The first real gliders were designed in the 19th century. George Cayley pioneered 
fundamental advances in flight by identifying the four essential forces that act on an aircraft (see 
Appendix B), discovering the dihedral effect, designing cambered airfoils, and of course building 
the first successful glider in 1804 (see Figure 1) [5]. A wing has a dihedral if the tips are higher 
than the base. The dihedral effect occurs when a plane rolls. During a roll the lift decreases as the 
angle of the roll increases, which causes a sideslip, or a loss of altitude and a slide in the 
direction of the roll. If the plane has dihedral wings, the lower wing will have a greater angle of 
attack than the higher wing. This decreases the amount of altitude lost and also creates a 
balancing yaw to the left because the higher wing creates more drag than the lower wing - this is 
the dihedral effect. 

 

 
Figure 1. Cayley’s Glider Design Featured on Mechanic’s Magazine, 1852 [6] 
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Otto Lilienthal was by far the most recognized glider pilot/designer. He only flew from 

1891-1896 (when he died in a crash) but made over 2,000 flights in fifteen of his own designs 
(see Figure 2) [7]. Otto was able to get real results that proved to people manned flight is 
possible and inspired many others, including the Wright brothers, to pursue aviation. Gliders 
took a backseat to powered aircraft after the success of the Wright brothers in 1903, but saw 
some use in World War II as their silent quality led to them to be used in a number of surprise 
attacks. 42 DFS 230 gliders (see Figure 3), each holding 10 soldiers, were used by the German 
Luftwaffe to capture the Eben Emael fortress in 1940 [8]. The glider had the second highest glide 
ratio, 18, of any military glider because it needed to be released from far away to avoid being 
heard. The glide ratio is simply how many units forward a glider travels for every unit it 
descends. This ratio is calculated by flying a glider at a constant speed and simply recording how 
far it travels as it descends. The glide ratio is also theoretically equal to the lift to drag ratio, 
which can be calculated theoretically using programs or a wind tunnel. Today, gliders are 
predominantly used for recreational purposes. The modern glider has a huge glide ratio, and 
competition planes like Eta (see Figure 4) typically have glide ratios of over 60:1. These 
improvements are due to advancements in engineering and simply being able to build 30 meter 
wings that won’t break and the freedom of not having to transport supplies or troops and 
maneuver nimbly like the DFS 230. Whether it be from personal intrigue or military potential, 
people have always been interested in gliders and their designs continue to change to this day. 

Model gliders in the RC world don’t have the same ridiculous glide ratios as the Eta or 
other comparable modern gliders due to mechanical constraints. RC gliders are typically built out 
of some kind of foam or balsa wood due to their light yet strong properties. RC gliders aren’t just 
scaled down versions of modern gliders for multiple reasons. RC gliders are typically built by 
hobbyists who are realistically constrained by money and can’t afford the advanced carbon fiber 
and fiberglass that are found in most modern gliders. Furthermore, foam and balsa wood are 
easily customizable so hobbyists can design wings and then make them on their own. 
 

 
Figure 2. Lilienthal in Flight, 1895 [9] 
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Figure 3. DFS 230 Glider Being Prepared for Flight, 1943 [10] 
 

 
Figure 4. Eta in Flight, 2000 [11] 
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III. Design 

Foam and balsa wood are both good for making model gliders because they are cheap, 
lightweight, and strong. Foam was used to make this glider because it is easy to cut out an 
original airfoil design with it. Carbon fiber tubing was used to reinforce the wings because they 
would otherwise sag and easily snap. Gorilla glue and duct tape were used to connect the 
individual pieces. Gorilla glue is the best choice because it is incredibly strong and it expands 
when it sets so it fills the holes in the foam. Duct tape is a miracle material but was used in 
minimal amounts due to its weight. 

The original plans called for a square fuselage because that design is easy to make and is 
what most homemade RC modelers use. The square fuselage is made by simply folding a foam 
board over several times. To make the round fuselage, a block of foam was rounded and 
hollowed using a hotwire cutter and wood circles as guides (see Figure 5). The hollowed out 
interior provides a convenient storage space for the electronics while also reducing weight. The 
nose cone was also rounded to match with the fuselage, similarly increasing the aerodynamics of 
the glider. A t-tail (where the horizontal stabilizer is above the rudder, see Figure 6) was used in 
order to reduce the drag that it normally produces from being behind the main wing. When air 
flows over a wing it gets disrupted and this creates drag when it flows over the horizontal 
stabilizer. However, the t-tail moves the stabilizer above the disrupted air flow which reduces 
drag. The aspect ratio (which is 7.5 in this model) is as high as possible while still being feasible 
to test and construct. If the cord was thinner it would be risky to cut the spar channel for the 
carbon fiber tube, and if the wing span was longer the weight would start to be a concern along 
with its stability. Using XFLR5 it has been determined that the NM-29 is theoretically the 
optimal design for a glider (see Figure 7). This is because it has the lowest amount of drag at low 
lifts, and a glider shouldn’t be getting a lot of lift at extremely low speeds. However, the RG15 
airfoil is more practical because it is thicker and thus easier to hotwire cut and insert a spar 
channel. The reason thinner airfoils are harder to cut is that hotwire cutters melt the foam, so the 
trailing edge of airfoils often get cut off due to how thin they are. The XFLR5 program uses the 
nonlinear lifting line method for analyzing wings and the vortex lattice method and panel method 
to analyze full planes. The nonlinear lifting line method is what the program used to calculate the 
values of lift and drag for the wings, and the method theoretically does well because it only 
becomes inaccurate above Mach .3, which the glider will be safely under [12]. However, there 
are many aspects to the design that this program can’t take into account such as the material of 
the wing. It is almost guaranteed than a foam wing produces more drag from skin friction than 
the program takes into account, if it takes into account skin friction at all. This is why it is 
important to do actual wind tunnel tests; although they may have some inaccuracy, there is no 
way to perfectly predict a wing from theory alone. 
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Figure 5. Fuselage Being Cut Out 

 

 
Figure 6. Glider CAD: Model 
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Figure 7: Airfoil Analysis in XFLR5 
 

The circuit diagram for the glider is relatively simple (see Figure 8). It consists of two 
circuits, each powered by an Arduino Uno. The first Arduino is connected to one joystick and a 
transmitter. The joystick has two potentiometers that give a 10 bit output (a number between 0-
1023) to the Arduino based on how far the joystick has moved. The Arduino then sends a signal 
to the transmitter, which usually has 6 channels, which then sends the information to the receiver 
sitting in the glider. The receiver relays this information to the second Arduino, which controls 
how far each servo should turn based on the numbers sent by the joystick. As illustrated in 
Figure 4, the ailerons on each wing will have their own servo to control roll, the elevator will 
have a servo to control pitch, and the rudder will have a servo to control yaw. 
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Figure 8. Glider Circuit Diagram 

 
Aircraft controllers typically have two joysticks in order to control speed and the three 

axes of rotation (see Appendix B). However, gliders have no way of adjusting thrust and the roll 
and yaw axes can be combined into one. The reason they can be combined is that they are always 
used in conjunction when turning - if one wants to turn right one rolls right and yaws right, if one 
wants to turn left one rolls left and yaws left. There are some advanced methods that make use of 
rolling and yawing in opposite directions, but these are unnecessary for my model. Forward 
slipping is one of these techniques and is used to quickly lose altitude (see Figure 9). It is often 
employed in descents where the pilot wants to decrease altitude without lowering the nose and 
thus increasing the approach speed, but this is far too advanced for a small glider which 
shouldn’t be needing to quickly lose altitude anyway. 
 

 
Figure 9. Forward Slip (Left) and Side Slip (Right) 
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The joystick is nothing more than a combination of two potentiometers into one device. 
Potentiometers work by varying resistance depending on their position. They do this by having a 
resistor inside of them with a set resistance and a wiper that touches the resistor. The wiper can 
decrease the resistance by moving closer to the starting end of the resistor (see Figure 10). This 
resistance is converted into a voltage and sent to the Arduino. Typical potentiometers act as 
voltage dividers and the voltage can be calculated by using the equation VL = R2 VS / (R1 + R2) 
(see Figure 11 to understand variables) [13]. This information is then sent to the Arduino as a 
voltage between 0V and 5V. 
 

 
Figure 10. Inside a Potentiometer 
 

 
Figure 11. Potentiometer Acting as a Voltage Divider 
 
 
 The servo works by taking in a signal and using a motor to rotate a shaft to a certain 
angle based on the signal. The servo has an encoder that turns the servo to an angle depending on 
the signal and has a feedback system to ensure an accurate position. Most servos use a 
potentiometer to measure how far they have rotated. If the voltage measured by the servo’s 
potentiometer differs from the voltage of the signal, the servo can correct itself by rotating again 
and then repeating the corrective process [14]. More advanced servos use shaft encoders to 
measure the speed that the shaft is rotating and use algorithms to control the speed to prevent 
overshooting. 
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IV. Theory 

Exploring flight is an interesting pursuit because it is still not fully understood. The 
basics of flight are known, such as the four forces that act on an aircraft. However, there are 
many complications that make designing the optimal aircraft a very difficult task. More 
importantly, it is difficult to take what is known and find a perfect design. The four aerodynamic 
forces are a good place to start. Lift is the upwards force that is quintessential to flight and 
opposes the downwards force of gravity. The force of gravity on an aircraft is given from 
Newton’s second law of motion, F = ma (the force acting on an object is equal to the mass of the 
object times its acceleration) [15]. So, for gravity, Fg = mg. The force of lift on an object is FL = 
½ CLV2rA (where CL is the coefficient of lift for the airfoil, V is velocity, r is the air density, and 
A is the surface area of the wing) [16]. This comes from a simplification of Bernoulli’s equation. 
When air is flowing around a wing, Bernoulli’s equation says that P1 + ½ rV1

2 = P2 + ½ rV2
2 (P1 

is pressure above the wing, P2 is pressure below the wing, V1 is velocity above the wing, V2 is 
velocity below the wing) [17]. Rewritten, this equation is equivalent to P1 - P2 = ½ r(V1

2- V2
2), or 

Pnet = ½ r (Vnet
2), since we are really interested in lift, or net upwards force. Remembering the 

definition of pressure (force/area), we can rewrite the equation again as Pnet * A= ½ r (Vnet
2) A, 

or Fnet = ½ r (Vnet
2) A. The only difference between this equation and NASA’s lift equation from 

earlier is the lift coefficient which varies by airfoil. The fundamental idea is that as long as FL >= 
Fg, the object can stay in flight. The other two forces, thrust and drag, also counter each other. 

Once a glider has been launched, it can only generate thrust by converting its 
gravitational potential energy, given by the equation PE = mgh, into kinetic energy [18]. It does 
this by lowering its height and turning the downwards force of gravity into forwards thrust. The 
drag of an object mainly consists of parasite and induced drag. Parasite drag is simply the 
resistance of air to objects passing through it. Parasite drag increases with the square of the 
velocity of an object which leads to the problem of what the optimal speed of a glider is. Both lift 
and drag increase with the square of velocity, so rigorous testing is required to find a balance 
between the two. Induced drag is generated as a result of the pressure difference above and 
below the wing that is used to create lift. The higher pressure air below the wing curves around 
the tip of the wing to lower pressure air above and the potential lift is lost, but the energy to 
produce the lift is wasted [19]. This lost energy is called induced drag, and can be calculated 
using a similar equation to that of lift: FD = ½ CDV2rA [20]. The same derivation of this equation 
from the Bernoulli equation can be done using the methods described previously. Despite 
extensive knowledge of drag, there are still many different methods to minimize it and there is 
plenty of room to innovate a better solution. For example, wingtips are one solution to this 
problem but also have their downsides. Wingtips reduce induced drag by increasing the aspect 
ratio while maintaining the wingspan. This reduces induced drag because wings with a higher 
aspect ratio decrease the amount of high pressure air that can escape (see Figure 12) [21]. 
However, winglets are a tradeoff. In the case of a small glider which is prone to accidental 
forward slips (when the plane’s nose is not travelling forward) or side slips  (when there is a 
crosswind, see Figure 13), winglets have the potential to massively increase parasite drag. They 
also increase stress on the wing due to their weight, and since gliders already have long wings 
this is a major consideration. 
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Figure 12. Wingtip Vortices 
 
 
 
V. Results 
 
 Holder Lift (N) S1223 Lift (N) RG15 Lift (N) 
Trial 1 .26 2.09 .794 
Trial 2 .25 1.83 .776 
Average .255 1.96  .785 
Figure 13. Testing Lift in the Wind Tunnel 
 
 S1223 Drag (N) RG15 Drag (N) 
Trial 1 1.58 1.30 
Trial 2 1.57 1.33 
Average 1.575 1.315 
Figure 14. Testing Drag in the Wind Tunnel 
 
 These results were recorded using a wind tunnel and a 6” x 6.5” prototype for each wing 
design. To record the lift, the wing being tested was attached to a holding device on a scale (see 
Figure 15). The scale underneath the wind tunnel was zeroed and then the fan was turned on. If 
the scale read a negative number that means lift was generated because the wing was pushing off 
the ground. The scale would generally reach a stable number after around five seconds, and this 
number was recorded for each trial. The lift of the device that held the wings was also recorded 
in order to find the lift of just the wings themselves instead of the lift of the wing plus the holder. 
The drag was calculated by anchoring the back of the wing being tested to the ground to stabilize 
it and attaching a string connected to a force meter to the front (see Figure 15). Attaching the 
strings to the rear of the wing stabilized it without interfering with the force measurement. When 
the fan was turned on the backward force of the wing (also known as drag) was recorded over 10 
seconds and then averaged. 
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Figure 15. Measuring Lift (Left) and Drag (Right) 
 

The program XFLR5 calculated that at an angle of attack of 0 degrees, the ratio of CL / 
CD = 38 for the S1223 and CL / CD = 0 for the RG15 (see Figure 7). One doesn’t actually need to 
calculate the coefficient of lift, because CL = 2FL / V2rA and CD = 2FD / V2rA. When one divides 
CL / CD, everything but FL / FD cancels out, so one can just use the recorded measurements to 
find the ratio. The average lift of the S1223 minus the average lift of the holder is 1.96 – .255 = 
1.705 (see Figures 13). The average drag is 1.575, so CL / CD = 1.083 (see Figures 14). The 
average lift of the RG15 minus the average lift of the holder is .785 - .255 = .53 (see Figures 13). 
The average drag is 1.315, so CL / CD = .489 (see Figures 14). 

The finished glider was tested by simply throwing it from a small incline on a hill. Since 
the electronics to control the glider were not finished, it was very vulnerable to crashes. The 
glider was first thrown at a neutral angle of attack, and this resulted in a smooth and balanced 
descent and the glider travelled about 20-30 feet while descending 10-12 feet on average over 
multiple throws. Only one of these throws resulted in a crash but this was due to a poor throw (at 
a negative angle of attack). The glider was then tested at negative and positive angles of attack, 
both of which generally resulted in crashes after 10-15 feet. When thrown at a negative angle of 
around -10 degrees, the glider continued in a downward trajectory until it landed or crashed nose 
first into the ground. Only once did the glider manage to lift its nose, but it overcorrected and 
ended up stalling and falling on its tail. When thrown at a positive angle of around 10 degrees, 
the glider would either continue to gain angle until it stalled or slowly lose angle until crashed 
nose first into the ground. The glider was surprisingly resilient, the nose cone and fuselage took 
most of the damage and they were the two strongest parts. The wings didn’t have to withstand 
too much; since the weight was balanced across the wings the crashes generally affected the 
middle of the plane, and the wings were mounted on top of the fuselage far away from danger. 
During some of the crashes the wings did hit the ground first, but the carbon fiber spar in the 
wings kept the main structure intact, though some pieces of foam did break off in the bigger 
crashes. This happened on the trailing edge at the ends of the wings because the foam was very 
thin there and could easily chip off. The t-tail design was surprisingly strong, during the stall 
crashes the tail took most off the impact but the gorilla glue proved to be a good choice in 
holding everything together.  
 
VI. Conclusion 
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 The lift and drag in the wind tunnel were calculated at an angle of attack of 0. Looking at 
the theoretical data (see Figure 7), the expected lift to drag ratio for the S1223 was 38 and the 
expected lift to drag ratio for the RG15 was 0. Compared to this data, the S1223 did much worse 
than expected with a lift to drag ratio of 1.083 and the RG15 did much better, with a lift to drag 
ratio of .489. Even though the lift to drag ratio of the S1223 is higher, it is not necessarily a more 
desirable airfoil. One might think that since the lift to drag ratio is approximately the glide ratio it 
must be better, but the assumption that the aircraft is maintaining a constant speed will likely fail 
with the S1223 because of how much drag it creates. One must keep in mind that gliders 
generate no thrust, and thus having a high drag will quickly slow a glider. Another important 
factor is that this glider is extremely light, and so it isn’t necessary to generate huge amounts of 
lift. Therefore, it is safe to conclude that the RG15 airfoil is in fact the better choice for this 
glider. 
 One slightly concerning result from the wind tunnel was that the holder by itself 
generated .255 N of lift. After some unofficial testing, it was concluded that the scale was off 
center and simply pushing back on the holder (or increasing drag) increased lift. This affected the 
results because the S1223 generates more drag than the RG15, and so more lift would be 
generated just because of this drag. Of course, this wouldn’t change the conclusion that the 
RG15 is the better airfoil since it shows that the S1223 didn’t generate as much lift as previously 
thought. 
 The hotwire cutter was a great method for cutting out the glider, but some problems arose 
when making the wings. Glider airfoils get quite thin near the trailing edge which is great in 
theory, but it was extremely hard not to cut too much from the trailing edge. Since the wing was 
cut from three 2 foot pieces of foam,  the pieces turned out to have different cord lengths after 
being cut. This problem was solved by using a straightedge and a razor to even out the lengths, 
but the trailing edge isn’t as clean now and is thicker than planned. Possible solutions include 
ignoring the relatively small problem or adding some thin balsa wood to the edge. The t-tail 
seemed extremely fragile and was too thin to reinforce with carbon fiber tubing, but this didn’t 
turn out to be a problem after flight testing. The whole plane was covered in packing tape to 
cover the imperfections on the surface of the foam made by the hotwire cutter. This reduces 
parasite drag but increases the weight of the glider. It was probably worthwhile to make this 
tradeoff because the reason why the glider stopped was that it ran out of thrust, not that it 
weighed too much. The flight testing for the glider was mostly successful. Despite not being able 
to be controlled, the glider was very smooth and survived multiple crashes with only minor 
damage.  
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Next Steps 

The only mechanical part of the project that still needs to be completed is cutting control 
surfaces into the wings, elevator, and rudder. This is relatively easily done by cutting into the 
wing with a razor and scoring the inside edge. 
 For the electronics, the joystick is able to communicate with the Arduino but the two 
Arduinos need to be connected with a transmitter and receiver. The second Arduino also needs to 
be connected to four servos, and the servos need to be attached to the control surfaces of the 
plane which could be mechanically challenging. 
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Appendix A: Parts List  
Part Description What For? Cost Found Where? 

4x Dow 
BlueCore Foam 

Glider wings and maybe 
fuselage 

$47.99 https://www.rcfoam.com/rc-servo-
controller 

2x Arduino Uno Getting joystick input, 
controlling servos 

 Menlo’s Whitaker Lab 

4x Servo Moving ailerons, elevator, 
rudder 

 Menlo’s Whitaker Lab 

Joystick Determine movement of 
servos 

 Menlo’s Whitaker Lab 

Transmitter Send signal to the glider, 
allow remote control 

 Menlo’s Whitaker Lab 
 

Receiver Receive signal, allow 
remote control 

 Menlo’s Whitaker Lab 
 

2x Carbon Fiber 
Tube 

Wing spar $40.46 http://www.mcmaster.com 

 
Appendix B: Axes of Rotation and Aerodynamic Forces [22, 23] 
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Appendix C: Glider Model Dimensioning 


