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To overcome obstacles in it’s way, WALL-E has been engineered to drive up walls. Using fans to 
create thrust to “stick” WALL-E to the wall, and a motor drive system to provide forward force, the car 
was designed to ascend up walls. Unfortunately, in the given time frame the engineer was unable to 
properly hook up the motor drive and thus was unable to get a fully functional wall climbing car. Yet this 
is still a viable design that only needs a few tweaks to get a proper product. 
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Introduction 
A major problem with wheeled vehicles is their inability to move between two different 

elevations without a ramp. By creating a method for a car to scale an otherwise unclimbable vertical 
surface, the range of motion and mobility increases dramatically. The range of the car itself also increases, 
because of the fuel saved by going straight up the obstacle instead of navigating to find a suitable slope. 

One vehicle was created back in 2007 by International Climbing Machines (ICM) which was 
more comparable to a tracked tank than a car.  It climbed walls using adhesive belts that would rotate 1

over two axles. Pictured below the robot is more similar to a tank than a car. The robot had a payload 
capacity of 100 pounds, and moved over most wall surfaces. Yet this vehicle uses a tether that restricted 
its range of movement, and is slow up walls. It’s primary use is for sticking to a surface and staying there, 
not so much for traversing from ground to wall multiple times. It’s main tasks are cleaning, painting, or 
inspecting the same surface.  2

ICM Robot 

 
The researchers at ETH designed a lightweight “car” that is more similar to the design I have in 

mind.  A video shows this robot racing around obstacles, and transfering from ground to wall with ease.  3

Their goal was to create a vehicle that could climb walls no matter what the surface of the wall was.They 
utilized a carbon fiber frame, 3D printed wheels, and rotating fans to create a car that is remotely steered 
by an operator, and propelled by propellers. It has sensors in its front bumper to detect a wall, and a 

1 McKeegan, Noel. "Remote controlled, multi-tasking climbing machine." New Atlas 
2 "Specifications." ICM, International Climbing Machines 
3 VertiGo: The Wall-Racing Robot (Full Video)." Youtube, uploaded by VertiGo 
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gyroscope system to detect if it is vertical or flat.  Still, no new information or designs have come out of 4

ETH on this topic since 2015. 
Vertigo RC Car 

 
The concept of vertical wheeled accent is not just important now, but for the future of exploring 

other planets. The European Space Agency (ESA) notes that, “about half of [Mars] has so far been 
avoided”.  This has plenty to do with unfavorable landing sites, but the heavily cratered rugged terrain 5

which makes successful landings less likely, also poses a problem to transportation. If a rover were 
successfully deployed in one of these regions, then vertical accent could help it climb out of any crater 
that landing accuracy errors might land it in. To add onto this the North American Space Agency (NASA) 
claims that the goal for the next mars rover mission is to, “seek signs of ancient life by studying terrain ... 
once held flowing rivers and lakes”.  On our planet, rushing water creates erosion eventually leading to 6

deep ravines or gullies with vertical cliffs. The most prominent example on Earth is the Grand Canyon. 
To find signs of life in a Mar’s Grand Canyon equivalent ravine, a rover would have to descend straight 
down to reach the river bed. Continually a problem, once down at the river bed, getting back to the 
surface to transmit data would require scaling the vertical cliff it descended. In this situation, an automatic 
descend/ascend function that could mobilize a wheeled vehicle would mean success or failure of the 
intended mission. 

What is to be noted about extraterrestrial planet exploration, is that the planets being explored 
will not necessarily have the same atmosphere composition that we have here on Earth. This means that 
propellers may not be able to displace enough gas volume to create enough lift on another planet. On 
Mars, however, the thin carbon-dioxide is just enough to operate a rotorcraft, but the craft would have to 

4 Coxworth, Ben. "VertiGo wheeled robot isn't stopped by walls." New Atlas 
5 "THE HAZARDS OF LANDING ON MARS." ESA, European Space Agency 
6 "NASA Builds its Next Mars Rover Mission." NASA, North American Space Agency 
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be ultra-lightweight.  This could be worked into a wheeled ascent vehicle, that already needs to balance 7

weight and propeller thrust, to successfully make a rotor based wheeled ascent rover designed for Mars. 
Still on other planets with no atmosphere, this wheeled ascent design could be reworked into using 
rockets or other forms of vertical movement that might become more suitable. Compared to a rocket 
drone, a wheeled ascent rover would save huge amounts of solid rocket fuel because it’s main 
transportation system could be solar paneled connected motors that drive the wheels forward, and don’t 
rely on rocket fuel. 
 
Theory 
 

The main principle behind this design is balancing force vectors of the car. The fan itself provides 
a normal force, which then creates a frictional force, and gravity acting on the car provides a downward 
gravitational force vector. The key to getting the car to adhere to the wall is to have the normal force be 
large enough in order to have a significant frictional force to counteract the gravitational force. 
 
Free Body Diagram #1: Simple System, “Stick” Demonstration,  

 

In this diagram the rover is replaced with a simple block, which is what the product is similar to, 
to simplify the logic. The fan is not represented, but the thrust from the fan is directly perpendicular with 
the wall, pushing the car against the wall. As the car is pushed against the wall, a reaction force pushes 
back against it to keep it place and from passing through the solid wall. This reaction force is the normal 
force on the car, and is equal to the thrust force on the wall as the net force, of the car on the wall, is zero. 
This means that the reaction force and thrust force cancel out, and the cart does not accelerate in the x 
plane. With a constant mass, the block has a gravitational force pulling it down towards the bottom of the 
wall. The act of being pulled down the wall and being forced against the wall causes WALL-E, 

7 "Helicopters on Mars? Why Not?" NASA, North American Space Agency 
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represented here as a solid block with no wheels, to have friction with the wall. This friction causes a 
force that counteracts the gravitational force, and is equal to μs (coefficient of static friction) * FN (normal 
force). Thus the goal to get a simple block to stay in place on a wall is to generate enough thrust force and 
thus normal force proportional, where the proportion is the coefficient of friction of the surfaces, to the 
force of gravity. The force of gravity is equal to the mass of the block multiplied by the gravitational 
acceleration of Earth, which is constant. Thus to stick a block to a wall using a fan, the thrust of the fan 
has to be balanced against the mass of the block. 

To be especially noted in this diagram though, is the fact that the rover is represented as a block, 
but in fact has four wheels. Wheels, instead of having an entire rectangular surface, only come in contact 
with the wall in one place. The friction between moving wheels and the wall, is the same as the friction 
between the block and the wall, but acts on a smaller surface area. This is mainly due to the wheels only 
touching the wall at one point at a time, and friction is based off of this “connection” between objects. 
Thankfully, with smaller surface area comes a larger pressure on that area, because the same amount of 
force is being dispersed between the four wheel surfaces. This added pressure counteracts a smaller 
surface friction area, and makes it more probable that the car sticks to the wall. 

To move up the wall, a simple motor is used to turn the back axle. By turning the back axle, the 
back wheels starts spinning and moves the car forward. The force created by turning the wheels points 
upwards and moves the car up the wall. 

The irregular shape of the car causes some issues of mass placement. If the mass placement is 
non-uniform, the car might be top heavy (top being the part furthest from the wall) which might mean the 
car’s top is pulled away from the wall faster than it’s bottom. This would cause the car to “peel off” the 
wall and fall down. To fix this, the front fan must be able to provide enough thrust to keep the front of the 
car to the wall. The back end of the car has a little more leeway, but still must be forced against the wall 
to balance the force across the car. If the force is not balanced, more friction is generated in the forward 
wheels than in the back wheels which causes issues. 
 
Materials 
 

WALL-E’s biggest concern is balancing the weight and the power of the car. The car needs 
batteries and motors strong enough to propel it up the wall, but be light enough to minimize the required 
force from fans and the motor. Also to be considered, is how durable the car is. There is some concern of 
the car falling off the wall, and utilizing materials that will withstand some amount of crash force is 
necessary. Still, WALL-E is designed to be a RC drone and will thus be smaller and more compact. The 
goal is to design a small and maneuverable yet durable car that can drive up walls. 

The first step towards figuring out what to build the car out of, was finding the right motors that 
needed to: create enough thrust to keep the car on the wall, and last for a long enough time that climbing 
the wall would be viable. After preliminary research, it was figured that not only does the car need to be 
built around the motor, but it also needs to be built around the battery. The battery is one of the heaviest 
pieces on the car, and one of the most important. While the motors make sure the car can stick to the wall, 
the battery makes sure it stays there for long enough. Thus to maximize the thrust keeping the car stuck to 
the wall and the battery life, it was determined that the fans and battery would have to be picked in 
tandem. Along with this, there was a threshold of thrust that the fans needed to produce which 
corresponds to how much frictional force was needed to be created. After experimenting with friction 
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between the foam wheels and wood, it was determined that the coefficient of friction was 0.69 (Appendix 
C). Initially the car was restricted to be no more than 1 kg, meaning that 15N of force would have to be 
created by the fans to create a frictional force great enough to counteract the gravitational force. 

After more research, it was figured that the only two viable options for the battery would be either 
a three cell (3s) lipo or a four cell (4s) lipo. It was advised that not enough power would be generated 
below 3s and that above 4s the weight to power ratio would be overkill, hindering the flexibility for 
weight in other pieces. After determining that a 3s or a 4s lipo would be used, research was then 
committed to studying which motors to use. With previous experience and high reviews of Cobra Motors 
products, it was decided to search the Cobra Motors USA website for a viable motor. Cobra Motors also 
releases data sheets with each motor, which also experiment with different propellers, which made it 
much easier to determine the right kind. With the info in hand, equations were derived for the max mass 
of the car and the max battery life if only the fans ran (Appendix B). These equations utilize the thrust 
and amps drawn recorded on the data sheets, the mAH of the battery, and the coefficient of friction 
between the wheels and wood. The combination of Cobra 2208/34 with APC 8x4.5-MR propellers was 
selected because it balances a high max mass with a high battery life, while two fans would be running on 
a 3300 mAH 3 cell lipo battery. Summarized in Table #1 (Appendix A) below, the combination is within 
70 grams of the best max mass and has battery life outlasting the next best combination by 1.5 minutes. 
The initial estimate of less than 1kg was close, but was deemed to heavy for the car to stay optimal, and 
the .835 kg allowed by the 2208/34’s were deemed acceptable. A 30A Hobby King ESC was then 
selected from the Whitaker Lab bin because it would withstand the power of the battery. 

 
Table #1: Deciding on Motor 

Battery 
(mAH) 3300 3 Cell Lipo Utilized Two Fan 2  

Motor Propeller Thrust (g) 
Amps drawn 
(A) Thrust (N) Max Mass (g) 

Battery Life 
(min) 

2208/34 
GemFan 
8x4.5-MR 658.8 11.53 12.91 908.22 8.59 

2208/34 
APC 
8x4.5-MR 605.8 9.81 11.87 835.15 10.09 

2208/20 
APC 6x4 
Prop 629.9 14.87 12.35 868.38 6.66 

2206/30 
APC 7x5-E 
Prop 572.2 12.17 11.22 788.83 8.13 

With a remote controlled car comes a requirement to control the fans from a distance. Already 
owning a Spektrum DX-6i handheld controller, a AR610 receiver was selected because of its ease of use 
with the specific controller. The AR610 connects to the ESC using servo control wires, and is highly 
recommended for a standard Battery-ESC-Motor system. 
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Design 
 
Safety is always a concern, and there are certain aspects that were considered in designing the car. 

The fans are spinning incredibly fast and need guardrails to not only contain the propellers but to also 
keep items out of the direct path of the fans. On top of this, wires will need to be carefully organized and 
strapped down as to avoid getting destroyed by the propellers or other external forces. While ideal, an 
outer shell, compartment that a car has to hold a passenger, will not be applicable in the design, for it 
would restrict air flow of the fans. The absence of a cage or frame will mean that the edges of the car must 
be durable, for these are the contact points with other objects, and the car must not fall on its top. 
 
 
Diagram #1: 3D Representation of WALL-E  

 
As seen in Diagram #1 (Appendix E), the car is small with the dimensions roughly being 18.5” 

by 9”. The car is based off a single board, that has pieces built off of it. The board is laser cut, and has 
slots that are laser cut into, so that the pieces were able to easily fit into the board. This board has two 
holes in it to hold the propellers in. By placing the fans through the holes, the guard rails are integrated 
straight into the board design. The brushless motor propellers are held up by beams, that are connected to 
the board in multiple places. Beneath the beam, the battery and esc system are placed, the battery 
underneath the board and the esc on top. The receiver is mounted on the side, with the antenna fastened 
into place on the back beam. The casing for the motor drive is mounted in place underneath the back right 
corner next to the back axle. All objects are fastened onto the board with velcro, wood glue, or plastics 
screws. 
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An important aspect of this design is the ribbing of the wood frame. Wood pieces are mounted 
perpendicular to the frame to create extra structural strength. These are necessary, because the wood 
sheets used to create the car, hold strength with the grain, and has barely any vertical strength. Thus the 
wood starts to bend under stress. The strength of the grain is utilized by putting pieces perpendicular to 
the board, because the grain is then pointed into the board and will keep on points straight as the 
perpendicular piece tries to keep straight with its grain. This particular feature is integrated into the 
perpendicular pieces glued onto the beams, and the side walls that hold the beams up. 
Diagram #2: Motor Drive Holder

 
The motor that drives the back axle was held in place by a 3D printed part that was screwed into 

the underside of the car. Two vertical towers keep the motor in place, while set screws were slotted 
through the sides to stop the motor from falling out. Holes were printed into the base for plastic screws to 
go through and hold the casing down. This design is simple, and worked incredibly well. The circular cut 
out is just big enough for the motor to slot into, and holds it perfectly. A gear then comes off one end of 
the motor that was then fitted into a gear held in place on the axle. 
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Diagram #3: Axle-Gear Connector

 
The hole in the center of the axle gear was too large, so a connector was 3D printed to keep it in 

place. The connector consists of a long shaft, which has a hole going perpendicular through it for a set 
screw. A little inlet cutout was made, because the center of the gear has a small outcrop that the inlet fits 
perfectly over. The three arms coming off of the connector extend to the edges of the gear. Holes were 
then drilled through the gear, and plastic screws were slotted into the gear and connector holes to keep 
them together. A set screw was then tightened into the perpendicular slot to keep the gear from slipping 
up and down the back axle 
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Diagram #2: Wheel Drive System 

 
The car moves forward because this gear system connects the back axle to the motor. The above 

diagram is a visual representation of the pieces underneath the car. The motor, in blue, is parallel to the 
axle and spins in a clockwise direction. The gear on the motor, in green, and the gear connector, in red, 
are slotted together to create a connection between the motor and axle, in orange. The gear ratio is 10x, 
and increases the torque of the system, because the motor gear is smaller than the axle gear. A simple 
system, it theoretically allows for reverse movement. 
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Circuitry 
 

The circuit is based off of a battery-electronic speed controller (ESC)-receiver system commonly 
found in RC airplanes.The ESC is able to withstand the direct power of the 3 cell lipo protecting the rest 
of the circuit from the voltage and current of the lipo, and is also able to distribute the power through the 
rest of the circuit. The single electronic speed control then plugs into both brushless motors, which are the 
motors creating thrust against the wall. Important to note is that the two brushless motors do not wire up 
the same. The front motor has two of its leads switched. By switching two leads, the front motor will spin 
counter to back motor, which causes the spinning torques of the motors to cancel out.  
 
Circuit Diagram #1: Overall Setup 

 
The ESC also has a servo-control wire (set of three wires with a port on the end) that connects 

directly to the receiver. The receiver here is an AR610, which comes with the Spektrum DX6i handheld 
controller that was used to control the RC car. The receiver has rows of three pins where the servo 
controller plugs in. Each row is labeled for a different signal from the controller, the throttle and gear 
signals being used for this circuit. From left to right the pins are: signal pin, positive, and ground. The 
AR610 receiver gives off a Pulse Width Modulation (PWM) cycle, which is similar to a duty cycle. The 
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signal pin releases a cycle which changes with the input of a signal from the DX6i controller. Max 
throttle, for instance, causes a larger duty cycle than min throttle. This cycle is easily interpreted by 
servo’s and esc’s, but fails to power a DC motor. By inputting the signal of the throttle signal pin into the 
base of a transistor, the transistor is used as a flow gate. This is created by plugging the positive pin into 
the collector of the transistor, and the negative pin into the emitter of the transistor. Thus the signal pin 
will control the voltage flowing through the transistor, by utilizing it’s changing duty cycle. The duty 
cycle is effectively “flattened”, because the transistor base uses the average voltage coming into it to 
determine the resulting voltage flow. With a smaller duty cycle, a smaller signal voltage is utilized. But 
because the duty cycle of the receiver does not go all the way to zero, the motor would have been on at all 
times. By placing a diode, in series with the circuit, the voltage range drops so that minimum throttle is 
not strong enough to move the car forward, yet the maximum throttle is.  

In the end the transistor circuit worked, but it was figured that the receiver gave off too little 
average voltage to be used properly. The cycle of the receiver had such large down periods, that the 5V 
high period is extremely decreased when averaged across time. When the average voltage of the signal 
was taken at max thrust, a value of 0.25 V was recorded. A base pin of a transistor needs at least 0.7 V to 
function. This low voltage meant that the flowgate would never actually be able to let higher voltage 
through. 

Please note that the duty cycle off of the receiver is incredibly rough, and should be smoothed 
out. This is easily done utilizing an integration circuit. Seen below in Circuit Diagram #2, the circuit is 
incredibly simple. An integration cycle uses a capacitor in parallel to smooth out an alternating voltage. 
The capacitor receives 5V during the high period of the receiver, charging the capacitor. When the circuit 
encounters the low period of the receiver’s cycle, there is little to no voltage coming from the power 
source (Vi) and going into the load (Vo), which for the car circuit is the motor. During this low voltage, 
the capacitor is able to discharge into the circuit and into the motor. This process, put simply, allows for 
the capacitor to take charge from the high period, and distribute it to the low period of the cycle. This 
means that the highest voltage value decreases, but that it starts to smooth across the entire cycle. 
Seen below in Circuit Diagram #2, the circuit is incredibly simple. Had the transistor circuit worked, this 
integration circuit would have been added onto it. 
 
Circuit Diagram #2: Integration Circuit 

 
The two images to the left and right of the diagram are voltage graphs of the input and output.  
 
 
 



12 

Results, Limitations, and Improvements 
With no completely functional product, there are limited results to report. The design was sturdy 

enough to withstand abuse such as running into objects, and lightly kicked. The vertical strength, such as 
an object falling on it, was never tested. The fans provided sufficient power, and had few issues during 
testing. One problem had to do with the receiver connection to a duel fan-esc setup. Turning the throttle 
up too fast seemed to stall one of the motors. This might be because they are wired in tandem, and one 
motor will power the other one when the first one spins. A possible fix to this is powerful diodes to 
restrict current flow. 

The car was subjected to an incline test, results (Appendix F) summarized below in Graph #1. At 
60 degrees and below, the car seemed to only move because the vibration of the fans, between 70 and 80 
degrees the car moved with slow speed and it was noted that the motor would most likely to be able to 
counteract this speed, at 90 degrees it was questionable as to if the working car would be able to 
withstand the incline. 

 
Graph #1: Incline Angle vs Fall Speed of the Car on Max Fan Thrust 

 
Issues around charging the lipo in the lab resulted in the lipo never be completely charged. Still 

the fan-battery system seemed to last for around 9 minutes and 15 seconds. This is roughly a minute off 
from the estimation, shown in Table #1 (Appendix A) of a little more than a full 10 minutes. 

The project was never fully completed, because the motor drive system kept failing and blowing 
out. On top of this, the motor drive seemed to be doomed for the start, because it required a DC motor to 
connect to a RC receiver. It is the belief of the engineer that the motor drive system can be extremely 
simplified by acquiring a RC Car motor system with an ESC. Such systems exist, and would be able to fit 
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into the motor housing, and power the car.  By utilizing a system like this, the receiver can be properly 8

connected to the motor drive. 
 

Conclusion  
After months of designing, the idea of the product seems to have been worked out, but some 

design flaws keep it from being reliable. The main issue of the entire project seems to originate from 
being unable to control the motor drive system with the AR610 receiver. The motor drive is not able to 
use the small PWM cycle coming out of the receiver. Along with this, little time was put into a turning 
method. While a method was worked out, the design is far from implementation. Even with these issues, 
the car was able to stick to the wall and climb a limited amount, even with surprisingly large dimensions 
and a larger battery. With propellers getting better over the years, it’s not far off until a stronger and 
longer lasting propeller is made that can be the basis of a new design. It is this engineer’s choice that the 
project be scraped and restarted. Results from this product show that the idea is feasible, but needs some 
more experience and detail. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

8 https://www.horizonhobby.com/category/cars-and-trucks/car-and-truck-accessory/electric-motors 
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Appendix A: Motor* Information Corresponding to Battery Choice 
 
 

Battery 
(mAH) 3300 3 Cell Lipo Utilized 

One 
Fan 1  

Two 
Fan 2  

Motor Propeller 
Thrust 
(g) 

Amps 
drawn 
(A) Cost ($) 

Thrust 
(N) 

Max 
Mass 
(g) 

Battery 
Life 
(min) 

Thrust 
(N) 

Max 
Mass 
(g) 

Battery 
Life 
(min) 

2208/34 
GemFan 
8x4.5-MR 658.8 11.53 25.99 6.46 454.11 17.17 12.91 908.22 8.59 

2208/34 
APC 
8x4.5-MR 605.8 9.81 25.99 5.94 417.58 20.18 11.87 835.15 10.09 

2208/20 
APC 6x4 
Prop 629.9 14.87 25.99 6.17 434.19 13.32 12.35 868.38 6.66 

2206/30 
APC 7x5-E 
Prop 572.2 12.17 25.99 5.61 394.42 16.27 11.22 788.83 8.13 

 
2208/34 used based off this info. 
 
*All motors are Cobra Motors products, and information was found on 
http://www.cobramotorsusa.com/ as of March 2018. 
 
 
 
Appendix B: Equations Utilized For Appendix A 
 
9.81 m/s2 is used for gravity 

Thrust (Newtons) Force Equation: T 0 .81F T hrust =  * 1 −3
* 9 * N  

T = Thrust From Motor Data Sheet (in grams)  
N = Number of Fans 
FThrust = Thrust of Fans in Newtons 
 

Max Mass Equation:  M max = 9.81
F  μT hrust * s  

Coefficient of Static Friction: μs = 0.67 (foam wheels on wood) 
 

Battery Life (Fan only) Equation: tmax = N
  60 a

A * min
hours  

a = mAH of battery 
A = Amps drawn by fan 
N = Number of Fans 
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Appendix C: Determining Coefficient of Friction Between Foam Wheels and Wood 
 
Trial Force (N)  

Trial 1 7.91 

Trial 2 8.88 

Trial 3 8.18 

Trial 4 9.84 

Trial 5 10 

Average (N) 8.962 

 
 

Wood Cart Mass 
(g) Gravitational Force (N) 

Coefficient of Friction 
Average/Gravitationa
l 

1.325 12.99825 0.6894774297 

 
Appendix D: Weight Table for Final Project 
 

Generic Part Quantity Weight (g) 
Total Weight 
(g) Dollar ($) 

Total Dollar 
($) 

Fan CM-2208/34 2 45 90 25.99 51.98 

Frame Car Board 1 250 250 0 0 

Battery 
GFORCE 
3300mAH 3S 1 276 276 26.99 26.99 

Motor Simple Motor 1 44 44 0 0 

Motor Case 3D Printed 1 6 6 0 0 

Axle 1/8" Copper Bar 2 18 36 0 0 

Bearing R2ZZ 1/8" bore 4 7.6 30.4 6.92 27.68 

Wheels 
Dubro Super Slim 
Lite 4 10.2 40.8 4.45 17.8 

Esc Hobby King 30A 1 25 25  0 

Propeller APC 8x4.5-MR 1 3 3 2.95 2.95 

Propeller 
APC 8x4.5-MR 
Reverse 1 3 3 2.95 2.95 

Receiver AR610 1 9 9 39.99 39.99 

 

Total (g) 813.2 Total ($) 170.34 

Alloted 835.15 
 

http://www.cobramotorsusa.com/multirotor-2208-34.html
http://www.valuehobby.com/gforce-elite-30c-3300mah-3s-xt60.html
http://www.valuehobby.com/gforce-elite-30c-3300mah-3s-xt60.html
https://www.amazon.com/dp/B002BBGE2E/ref=pe_861660_138883610_fxm_4_0_n_id?pldnSite=1
https://www.towerhobbies.com/cgi-bin/wti0001p?&I=DUBQ0730&P=FR&atrkid=V3ADW3A24148B_53255879024_pla-359142587881__221282308977_g_c_pla_with_promotion__1o4&gclid=EAIaIQobChMI_dO4q_OP2gIVnEsNCh06AAv7EAQYBCABEgLeZPD_BwE
https://www.towerhobbies.com/cgi-bin/wti0001p?&I=DUBQ0730&P=FR&atrkid=V3ADW3A24148B_53255879024_pla-359142587881__221282308977_g_c_pla_with_promotion__1o4&gclid=EAIaIQobChMI_dO4q_OP2gIVnEsNCh06AAv7EAQYBCABEgLeZPD_BwE
https://www.getfpv.com/apc-8x4-5mr.html?utm_source=google&utm_medium=cpc&adpos=1o1&scid=scplp1407&sc_intid=1407&gclid=EAIaIQobChMIoJO2u-yQ2gIVUVt-Ch1RRgc6EAQYASABEgI0kvD_BwE
https://www.getfpv.com/apc-8x4-5mr.html?utm_source=google&utm_medium=cpc&adpos=1o1&scid=scplp1407&sc_intid=1407&gclid=EAIaIQobChMIoJO2u-yQ2gIVUVt-Ch1RRgc6EAQYASABEgI0kvD_BwE
https://www.getfpv.com/apc-8x4-5mr.html?utm_source=google&utm_medium=cpc&adpos=1o1&scid=scplp1407&sc_intid=1407&gclid=EAIaIQobChMIoJO2u-yQ2gIVUVt-Ch1RRgc6EAQYASABEgI0kvD_BwE
https://www.spektrumrc.com/Products/Default.aspx?ProdID=SPMAR610
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Left Over 21.95 

Appendix E: Pre-Build Vs Post-Build CADs 
 
Pre-Build 

 

Post-Build 
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Appendix F: Angle vs Fall Speed of the Car on Max Fan Thrust 

 

Time (seconds) Distance (m) 
Angle 
(degrees) 

Fall Speed 
(cm/s) 

5 0.01 60 0.2 

5 0.03 60 0.6 

5 0.01 60 0.2 

5 0.06 70 1.2 

5 0.07 70 1.4 

5 0.1 70 2 

5 0.15 80 3 

5 0.12 80 2.4 

5 0.16 80 3.2 

5 0.29 90 5.8 

5 0.34 90 6.8 

5 0.26 90 5.2 

Measured using stopwatch and ruler.  
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