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1. Overview 
1.1 Background 
British Columbia's backcountry activities often lead to search and rescue (SAR) 
operations, which are handled by volunteer groups with limited resources. The high cost 
and logistical challenges of deploying helicopters make fast responses difficult. Drones 
present a promising solution, as they are cheaper, require only one pilot, and can enhance 
SAR efforts. However, existing drones are limited by short flight durations and high costs, 
making them impractical for volunteer groups. There is a significant need for a low-cost 
drone with longer flight times, sufficient speed, and thermal cameras to improve SAR 
efficiency, reduce risks to volunteers, and better assess rescue needs in remote areas. 

1.2 Need Statement:  
Current BC SAR methods are costly and manpower-intensive, increasing casualties and 
expenses. There's a need for a low-cost, easily deployable UAV to quickly scan large areas. 

1.3 Goal Statement:  
The goal is to develop a low-cost UAV capable of scanning large areas for 90 minutes to 
enhance the efficiency and effectiveness of search and rescue operations in British 
Columbia. 

1.4 Midterm Design 
Four designs were considered, these designs consisted of two variations of body type and 
two variations for flight method. Tilt rotors operate on the same plane for horizontal and 
vertical flight by only rotating the orientation of the motors. The tail sitter operation rotates 
the entire body to transition between vertical and horizontal flight. 
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Figure 1:Vertical Takeoff and Landing Drone Options 

A conventional body tail sitter was chosen as the final design, its main advantages being 
simplicity and efficiency.  The capability of horizontal flight allows movement at a fraction 
of the thrust required for vertical flight, this greatly extends the battery life. Conventional 
body tail sitters also boast easy controls, structural integrity and simple manufacturing. 

 

Figure 2: Tail Sitter Operation 
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Preliminary design was carried out for the wing, tail, fuselage, propulsion system, and 
electrical system, as outlined in the following sections, and the resulting drone design was 
modeled and analyzed in the Midterm Report, shown in Figure 3. 

 
Figure 3: Drone Design as of Midterm Report 

This design was estimated to be 1.2m in wingspan, 24 inches in length, and 4.7kg in length.  

2. Problem Analysis 

2.1 Horizontal Flight Analysis 
Analysis of the wings aerodynamic properties was conducted to ensure the wing provides 
adequate lift during a range of cruise speeds and provides adequate stability when the 
aircraft is impacted by wind gusts or other impulse loads.  

2.1.1 Wing Analysis 

The MH113 airfoil, or profile of the wing, was chosen as it has a thick geometry and can 
accommodate the brackets and hardware needed within the wing. The wing is required to 
generate just over 5kg of lift during cruise. The geometric properties listed in Table 1 provide 
a wing area that satisfies the lift equation shown in appendix. 

Table 1: Wing Geometry Parameters 

Parameter Description Value 

Wing Area, Sw Area of the wing projected from above 0.3 m2 
Wingspan, b Distance from wing tips 1.2 m 

Chord, c 
Distance from wing leading edge to trailing 

edge 0.25 m 
Aspect Ratio, 

AR A measure of how skinny the wing is - b2/Sw 4.8 
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Taper Ratio, λ Ratio of the root chord to tip chord 1 
 

Due to manufacturing constraints a constant taper with no offset of the wing tip was chosen. 
Loading cases found in Appendix D were evaluated during vertical or horizontal flight to 
determine bending and shear forces. The results are displayed in Table 2 below.  

Table 2: Induced Stress 

Stress Induced in Wing Tubes 
Tensile Strength of Carbon Fibre (Mpa) 861 
Shear Strength of Carbon Fibre (Mpa) 41.3 
Stress 
(Mpa) 

Case 1: Horizontal Flight Case 2: Vertical Flight 
Value Safety Factor Value Safety Factor 

σy 7.6 113.3 0.34 121.4 
τ 27.5 31.3 0.85 48.6 

 

 

 

 

Large safety factors indicate that there is adequate strength.  

 

2.1.2 Tail Analysis 

The tail is required to produce slight negative lift to oppose the pitching moment created by 
the center of gravity and the wings center of lift. This is achieved by selecting a symmetrical 
airfoil that is positioned at a negative angle of attack, and for this reason the NACA 0012 
airfoil was chosen. Following empirical formulae for the sizing and placement of horizontal 
and vertical tails, the geometric parameters listed in Table 3 were chosen. 

Table 3: Tail Geometric Parameters 

Parameter Description Value 

Horizontal Tail Area, SHT Area of the tail projected from above 0.075 m2 
Vertical Tail Area, SVT Area of the vertical tail projected from the side 0.03 m 

Horizontal Tail Span, bHT Distance from horizontal tail tips 0.6 m 
Vertical Tail Length, bVT Length of vertical tail 0.24 m 

Horizontal Tail Chord, cHT Distance from leading edge to trailing edge 0.125 m 
Vertical Tail Chord, cVT Distance from leading edge to trailing edge 0.125 m 

Horizontal Tail Taper Ratio Ratio of the root chord to tip chord 1 
Vertical Tail Taper Ratio Ratio of the root chord to tip chord 1 

 

Stress Induced in One Bolt 
Shear Strength of 2024 Aluminium (Mpa) 241 

Stress 
(Mpa) 

Case 1: Horizontal Flight Case 2: Vertical Flight 
Value Safety Factor Value Safety Factor 

τ 0.62 388.7 1.5 160.7 
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Additionally, 20 inches was determined as the required distance between the leading edge 
of the tail and the leading edge of the wing, assuming a static margin (a dimensionless 
representation of the aircrafts tendency to return to level flight when the pitch of the aircraft 
is alters) of 10%. Following this assumption, the center of gravity will need to be 100mm 
behind the leading edge of the wing. 

2.2 Propulsion Analysis 
Four motors, four propellers, and a battery make up the propulsion system. Using a 3:1 
thrust-weight ratio for the maximum available thrust at 100% throttle of a quadcopter.  
Motors that satisfy this requirement were sourced and scored based on efficiency at various 
thrusts, weight, and cost. A detailed breakdown is provided in Appendix B. Three flight 
modes and corresponding thrusts were than assumed for final motor evaluation. Using the 
current draw of a motor at specific thrusts, multiplied by the time spent in each flight mode, 
the minimum battery capacity for each motor was found. Table 4 lists the power 
requirements for the selected motor in each operation mode.  

Table 4: Power Requirements for Selected Motor 

 

In addition, the power required by the flight controller and infrared camera is listed in Table 
5.  

Table 5: Hardware Power Requirements 

 

suitable batteries were selected from the battery database, considering a minimum of 10% 
reserve capacity, outlined in Appendix C. The weight, cost, and capacity of the three 
batteries that were evaluated are listed in Table 6.  

Motor

Flight Mode
Time 
(minutes)

Estimated Thrust 
Per Motor (kg)

Amps per 
Motor

Amps 
Total Amp-Hours

Vertical Acceleration (2:1 Thrust - Weight) 2.5 2.5 24 96 4.0
Vertical Hover (1:1 Thrust - Weight) 7.5 1.25 9 36 4.5
Horizontal Cruise (~10 N or 1 kg total) 50 0.25 1.5 6 5.0

13.5
Motor

Flight Mode
Time 
(minutes)

Estimated Thrust 
Per Motor (kg)

Amps per 
Motor

Amps 
Total Amp-Hours

Vertical Acceleration (2:1 Thrust - Weight) 2.5 2.5 17.46 69.84 2.9
Vertical Hover (1:1 Thrust - Weight) 7.5 1.25 6.28 25.12 3.1
Horizontal Cruise (~10 N or 1 kg total) 50 0.25 1 4 3.3

9.4
Motor

Flight Mode
Time 
(minutes)

Estimated Thrust 
Per Motor (kg)

Amps per 
Motor

Amps 
Total Amp-Hours

Vertical Acceleration (2:1 Thrust - Weight) 2.5 2.5 13.13 52.52 2.2
Vertical Hover (1:1 Thrust - Weight) 7.5 1.25 4.5 18 2.3
Horizontal Cruise (~10 N or 1 kg total) 50 0.25 0.75 3 2.5

6.9

Total

Total

V3120 - KV700 - T105x5-3 - 22v

V3115 - KV400 - T105x5-3 - 48v 

V3115 - KV400 - T105x5-3 - 32v

TotalComponent Model Watts
Flight Controller Pixhawk 6x 5.0
Infrared Camera FLIR Vue Pro 2.1

7.1

0.32
0.22
0.16

Current with 22v Battery (Ah)
Current With 32v Battery (Ah)
Current with 44v Battery (Ah)

Current Equivalences for LiPo Battery
Total
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Table 6: Suitable Battery Cost and Weight Data 

 

The T-Motor 3120 700KV was selected alongside the MaxAmps 6S LiPo 17000 as it is the 
least expensive, second lightest and has a reserve capacity of 23%. This propulsion system 
design ensures that a flight time of 60 minutes is feasible.  

3. Detailed Design 

3.1 Final Model 
The final design is a vertical take off and landing tail-sitter which rotates with an induced 
moment to cruise horizontally. Carbon fiber tubes laced through birchwood bulkheads and 
centered about the aluminum U-channel make up the structure of the main wing. The 
vertical and horizontal components of the tail are assembled similarly. Centered about the 
fuselage are carbon tubes which pierce the main wing to support the motors via motor 
mounts which are in turn centered about the center of mass when the drone is in vertical 
flight. 3D printed parts house electrical components such as the flight controller, battery, 
and ESC around the central U-channel. 

3.1.1 Assembly 

This assembly combines each specially designed component to form a tail-sitter quad 
propellor drone as shown in Figure 4, without the visual obstruction of wing, tail, or 
fuselage skins. 

  
Figure 4: CAD Model of Drone Assembly 

Battery Nominal Voltage Capacity (mAh) Weight Cost
6S LiPo 17000 22.2 17000 1907 889
13S LiPo 8000 Lite 48.1 8000 2157 1122
9S LiPo 11000 33.3 11000 1900 903
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3.1.2 Exploded View 

The exploded assembly can be seen in Figure 5 displaying each individual component of 
the design. 

 
Figure 5: Exploded View of Assembly 

 

3.3.6 Electrical System Design 

This section will provide an overview of the drone’s electrical system, powered by a 
Pixhawk 6X and MaxAmps LiPo battery, integrates with ArduPilot software to ensure 
precise control and advanced flight capabilities. 

3.3.6.1 Software  

ArduPilot is an advanced, open-source autopilot software for controlling various drones 
and robotic vehicles, including multicopters and fixed-wing aircraft. It’s community-driven, 
written mainly in C++, and supports a range of hardware. Key features include autonomous 
flight modes, GPS waypoint navigation, and real-time telemetry. ArduPilot is highly 
customizable, suitable for both hobbyists and professionals, and comes with extensive 
documentation. The client has requested its use for this project. 

3.3.6.2 Hardware  

The drone's controller selection was based on compatibility with ArduPilot software. After 
evaluating six options shown in appendix, the Pixhawk 6X from Holybro was chosen for its 
advanced features, including an STM32H743 microprocessor, multiple sensors, and 
extensive connectivity. The Pixhawk 6X supports ArduPilot, offering robust performance and 
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easy integration, with a simple plug and play electrical system shown in Figure 6: Electrical 
Schematic. 

 
Figure 6: Electrical Schematic 

 

The components currently selected for the system are detailed in Table 8 below. You’ll 
notice the components for the on screen display aren’t shown in the table 7 below, this is 
due to the fact that after further consideration for this part of the project they were deemed 
as out of scope and were removed and will be integrated in the next iteration. 

 
Table 7: Electrical part break down. 

Part 
Number 

Description Quantity Cost Each Cost Total 
Weight 

(g) 
Weight Total (g) 

P-01 T-Motor 3120 700KV 4 $78 $312 147 588 

E-01 
MaxAmps LiPo 16000 6S 22.2v 

Battery Pack 1 $889 $889 1907 1907 

E-02 Pixhawk 6X + M9N GPS 1 $304 $304 104 104 

E-03 FLIR VUE PRO R  1 0 0 113 113 
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E-04 V50A 6S 4IN1 32BIT - ESC 1 $84 $84 19 18.5 

 Total $1589 Total 2730.5 

 

Key components selected for the system, detailed in a parts breakdown, include motors, a 
battery pack, a GPS unit, and a thermal camera, totaling $1850 and 2831.5 grams. Further 
selection of the receiver/transceiver and ground control system is required to ensure 
reliable communication and precise control, while meeting weight and cost constraints. 

 

1.3.7 Bill of Materials 

The final bill of materials for the prototype is shown in Table 8. 

Table 8: Bill of Materials 

 

The final cost for the raw materials involved in the construction of this drone was $2092.  The 
electrical components make up around 85% of this cost which means this design meets the 
goal of a cost-effective superstructure design. When shipping and machine costs are 
considered, the total cost comes to $3770. Current drones designed for search and rescue 
cost around $10000 each, this means this design would save costs by just over 60%. The 
drone's total weight is 4672g which remains under the original weight approximation of 5kg. 
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4. Prototyping  

4.1 Prototype Features 
The final prototype features an inverted T-tail, four motors mounted equal distance apart, a 
removable battery housing and points of attachment for future work at the end of the wings 
and along the U-channel. The tail doubles as a set of landing gear due to the center of 
gravity of the superstructure overlying it, this allows smooth takeoff and landing without 
extra parts that would impact aerodynamics during flight.  

The motors and battery are all easily removable in case of failure or the need for 
recharging. The battery housing is firmly secured by an internal pin and two screws along 
the nose, removing those allows it to slide off. The motor wiring contains soldered 
connections but once those are removed, they can be removed along with the motors 
mounts by removing the two screws that attach the motor mounts to the carbon fiber 
tubes. The quadcopter arrangement of motors allows vertical and horizontal flight, in 
takeoff all motors would spin equally but to transition to horizontal flight all that's required 
is the top motors spin faster creating a moment that pitch's the drone forward. 

 

 

Figure 7: Final Prototype Assembly 

The VTOL drone’s electrical system is designed for high performance and reliability, 
featuring the Radiomaster TX12 Mark II Radio Controller, which provides precise manual 
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control over the drone’s movements. This controller allows for customizable flight modes 
and integrates essential safety features like arm and disarm functions to prevent 
accidental motor activation. The Pixhawk 6X Flight Controller works in tandem with the 
controller, utilizing advanced flight control algorithms and integrated sensors to ensure 
stable and accurate flight. It is also compatible with ArduPilot software, offering extensive 
customization options for autonomous flight and other advanced features. 

Powering the system, the T-Motor 3120 700KV motors, paired with V50A 6S 4IN1 32BIT 
ESCs, deliver the necessary thrust and responsiveness required for vertical takeoff and 
landing. The MaxAmps LiPo 17000 6S 22.2v Battery Pack provides extended flight time, 
managed efficiently by the PM06 V2 Power Module to ensure consistent power distribution 
across all components. Additionally, the ELRS Receiver Series ensures reliable and low-
latency communication between the drone and the controller, which is critical for real-
time control and responsiveness. 

While the on-screen display (OSD) setup was ultimately deemed out of scope due to 
budget constraints, the system is designed to support telemetry and OSD integration, 
allowing for real-time monitoring of flight data and enhancing situational awareness. This 
robust and integrated electrical system ensures that the VTOL drone can perform 
effectively in various conditions, with the flexibility to adapt to different mission 
requirements. 

To properly configure the VTOL drone’s control system, it was essential to adjust several 
parameters within the ArduPilot software. The Pixhawk 6X flight controller relies on these 
parameters to interpret input from the Radiomaster TX12 Mark II Radio Controller and 
manage the drone's flight dynamics. Setting up the parameters involved fine-tuning 
variables such as throttle response, flight modes, and safety protocols like arming and 
disarming. Additionally, specific adjustments were necessary to ensure compatibility 
between the controller and the ESCs, allowing for smooth motor operation and precise 
control. This step was crucial to ensuring that the drone would respond accurately to pilot 
commands and operate safely during flight tests. These protocols can be found in 
Appendix D. 

4.1.1 Wing Construction 

The wing and tail assemblies used an array of air foils laser cut from 3mm plywood. These 
airfoils were placed equidistant along central carbon fiber rods and epoxied into position. 
This resulted in a skeleton that a finishing material could be applied over. The plywood ribs 
double as protection for the carbon fiber since they would act as a crumple zone in the 
event of a crash. Since the ribs surround the rods and have a lower failure stress, they 
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would break and prevent energy from being transferred to the central rods which are more 
difficult pieces to replace. 

  

Figure 8: Tail Skeleton Assembly 

As it stands, the prototype is using a temporary cover for its wings in the form of a tape 
commonly found in RC plane builds. This had to be implemented because the monokote 
covering was found to adhere poorly to the ribs and requires future work. It was found that 
a 3D printed cover could also be used for the tail assembly but despite providing better 
shape and thus aerodynamics it was still unable to sustain a monokote covering.  

4.1.2 Motor Mounts  

The motor mounts were 3D printed and used as the point of connection between the 
motors and the outlying carbon fiber tubes. They required multiple iterations due to the 
high moment they are exposed to from the rotating motors. It was found in initial designs 
that the point where space had been left for the motor screws to be secured was extremely 
fragile, to combat this as little as possible area was exposed to allow the screws to be 
attached, the thickness of the face the motor rests on was doubled and the infill of the 
print was increased to 40%. These changes were found to be effective. 
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Figure 9: Final Motor Mount 

 

4.2 Testing 

4.2.1 Electrical Testing 

Testing the VTOL drone's control systems is a critical phase in the development process, 
ensuring that each component functions correctly and cohesively to achieve stable and 
reliable flight. The following Detailed Testing Procedure outlines the systematic approach 
taken to verify and configure the electrical and control systems, including the Pixhawk 6X 
flight controller, Radiomaster TX12 Mark II Radio Controller, and associated components. 
By carefully calibrating, wiring, and diagnosing each element, this procedure aims to 
identify and resolve any issues before the drone's full integration and flight testing, 
ultimately laying the groundwork for successful operations. Here are the steps taken to 
test the system: 

1. Initial Connection Verification 

• Multimeter Testing: The testing process began with verifying the viability of all 
connections using a multimeter. This step ensured that all circuits were intact and 
free from faults that could cause issues during the power-up phase. 

2. Power-Up and Calibration 
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• Powering the Pixhawk 6X: After confirming the connections, the Pixhawk 6X flight 
controller was powered up. This was followed by a full calibration, as per the 
manufacturer’s instructions, to ensure all onboard sensors were accurately 
configured for flight operations. 

3. Setting Up the TX/RX System 

• Controller and Receiver Configuration: The next step involved setting up the 
TX/RX system by binding the Radiomaster TX12 Mark II Radio Controller to the ELRS 
Receiver. This included configuring various flight modes and safety features such as 
arm and disarm functions to prevent unintended motor activation. 

• ArduPilot Adjustments: Necessary adjustments were made within the ArduPilot 
software to ensure compatibility between the controller and the Pixhawk 6X. This 
involved tweaking system variables to match the specific requirements of the 
hardware setup. 

• Wiring Issue: A wiring error was encountered with the TX and RX wires being 
incorrectly connected, which caused communication issues. After identifying and 
correcting this, communication was restored, and the system was re-tested. 

4. Motor and ESC Setup 

• Wiring and Testing: The motors and ESCs were then wired up and connected. 
Initial motor tests were conducted, skipping some ESC parameters, to check basic 
functionality. 

• ESC Configuration: Issues arose when attempting to configure the ESC via the 
ArduPilot software, resulting in the ESC not working. Various diagnostic tests were 
run, including direct connection to the ESC via different software, but the problem 
persisted. 

• Oscilloscope Diagnosis: An oscilloscope was used to further investigate the issue, 
revealing that one of the connections was faulty. The faulty ESC was replaced, and 
after swapping in a new one, the system functioned correctly. 

• Motor Formation and Angle Setup: With the ESC issue resolved, the motors were 
arranged in their desired configuration, and the flight controller’s takeoff position 
angle was set. 

5. On-Screen Display (OSD) Setup (Out of Scope) 

• OSD Challenges: The on-screen display setup required a specific receiver to 
connect to the computer. However, this task was deemed out of scope due to the 
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extended time required to troubleshoot the controller setup and budget 
constraints, which prevented the purchase of additional components. 

 

Figure 10: Stationary Motor Testing Configuration 

Vertical flight was tested exclusively as future work is still required to prepare the drone for 
horizontal flight. It was observed during original testing that our electronic speed controller 
(ESC) was faulty and the right side propellors were spinning at a higher rpm, this resulted in 
the drone being unable to stabilize itself. After replacing the electronic speed controller 
and ensuring equal rpms between all four motors, we were able to manually stabilize the 
drone by coding the controller's joysticks to correspond with pitch and yaw directions.  
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Figure 11: Rotation Variables for an Aircraft 

Manual stabilization provided slightly more success. However, it is reliant on human 
reaction time, which meant it was still difficult to fly and would mostly crash slightly before 
takeoff when the motors are bearing most of the weight. As a result, controlled flight was 
only achieved by ignoring stabilization from the controller and forcing the nose to stay 
vertical by attaching it to a point above and maintaining a taught connection.  

Table 9: Test Results 

 Flight Achieved Comments 
Broken ESC NO Resulting moment from different 

rpm’s made the drone fall over 
Broken ESC, forced stabilization YES Remained in the air for 10 seconds 

and landed gently 
New ESC, manual stabilization NO Flight was briefly achieved my 

maxing the thrust to the motors but 
was highly unstable 

 

4.3 Future Work 
Future work, as discussed with the client, will focus on improving the overall performance 
and reliability of this prototype. A significant area for improvement is the wing construction 
and covering. The current method which involves epoxying several wooden ribs into place 
is a time intensive process and was found to be vulnerable to fracture at the wing tips. The 
individual ribs also made it difficult to apply the monokote finish since once the heat shrink 
mechanic of this material was activated it took a convex shape in the free space between 
ribs. This would affect the lift and over efficiency of the wings. A solution to this problem is 
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a 3D printed or shaped aluminum sleeve that encases the ribs. The aluminum solution is 
preferred since it was found 3D material is vulnerable to melting when exposed to the heat 
required to adhere the monokote. If a sleeve is being used the number of ribs required 
could also be minimized, since 2 or 3 ribs would be able to successfully hold a well-made 
sleeve in the correct orientation.  An aluminum solution would also create a rigid finish that 
protects the wings from fracturing. 

Additionally, the flight control that governs the drone’s transition from vertical to horizontal 
flight was not within this project's scope. This critical aspect requires further development 
to ensure smooth and reliable transitions, particularly under varying environmental 
conditions. A software team is recommended for this work as they would have a better 
understanding of the code behind the drone's operation and which variables would need to 
be altered to allow the flight transition. 

Another mechanical aspect that can be improved is the drone’s tail stability during takeoff 
and landing. This was brought to our attention because of a faulty electronic speed 
controller which resulted in the right side propellors operating at a higher rpm than the left 
side propellors. This resulted in a moment that pushed the drone to the left. When this 
happened, it was observed that the T-tail remained firmly on the ground while the U-
channel rotated. This is due to these components only being connected by two screws on 
the same axis, the addition of two screws of a perpendicular axis would create a more 
secure connection between these components which will aid with a smoother takeoff and 
landing process. 

Another area that warrants attention is the onboard cameras. The navigation camera is 
currently mounted rigidly in a way that looks forward during horizontal flight. It would be 
useful to incorporate a gimbal or different mounting orientation that allows the cameras to 
be used during vertical and horizontal flight. This upgrade wouldn’t take precedence since 
vertical flight will primarily take place in the form of takeoffs and landings which would be 
within the eyesight of the operator.  The mounting of the FLIR camera also needs to be 
considered. The main body U-channel contains cutouts that can be used as an attachment 
point, a camera housing needs to be designed to safely hold the FLIR camera as well as 
securely attach it to the main body of the drone. 
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Appendix A: Engineering Drawings 
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“Crisp schematics and drawings” 

Appendix B: Motor Data and Scoring 

The motor selection process focused on finding a balance between performance, efficiency, and 

compatibility with the overall system requirements.  

Grading Scale  

 

Table 10: Motor  Score Break Down 

 

Motor specifications provided by companies analyzed and scored 
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Table 11: Motor Evaluation 

 

 

Top scored motors for our design is based off of over all score and smallest propeller length 
and best score. 

Table 12: Top Motor selection 
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Appendix C: Battery Data and Scoring 
The consistent values for our motor have been set to the values below. 

Table 13: Battery Parameters 

 

 

Flight time equations are as shown: 

 

 

          

 

 

 
Using the calculations above the parameters of the batteries can be found. 
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Table 14: Battery Evaluation 
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Appendix D: Structural Analysis Calculations 
SkyCiv was used to populate beam diagrams and solve for bending moment and shear 
diagrams. Bending stress and shear force were then calculated per the following equations: 

𝜎𝑦 =
𝑀𝑐

𝐼
 

𝜏 =
𝐹

𝐴
 

 
Figure 12: Area Moment of Inertia of Wing Tubes 

Case 1 – Horizontal Flight 

Since there is no taper lift can be assumed to have a rectangular distribution. 

 
Figure 13: Wing Loading During Horizontal Flight at Cruise 
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Figure 14: Bending Moment Diagram for Horizontal Flight 

 
Figure 15: Shear Diagram for Horizontal Flight 

𝜎𝑦 = 7.6 MPa 

𝜏 = 0.68 MPa 
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Case 2 – Vertical Acceleration: 

In reality the reaction force would be 2.5kg, and therefore the aircraft would accelerate. The 
assumption of a 5kg reaction force shown in the beam diagram is conservative. 

 
Figure 16: Wing Loading During Vertical Flight Acceleration 

 
Figure 17: Bending Moment Diagram for Vertical Flight 
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Figure 18: Shear Diagram for Vertical Flight 

𝜎𝑦 = 27.5 MPa 

𝜏 = 0.85 MPa 
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Appendix E: ArduPilot Protocols 
 

Aurdupilot Peramiters 
Name Protocol Value 

Motor & ESC Setup RC_OPTIONS 32 
  MOT_PWM_TYPE 5 
  SERVO_DSHOT_ESC 2 
  SERVO_BLH_OTYPE 5 
  SERVO9_FUNCTION 33 
  SERVO10_FUNCTION 35 
  SERVO11_FUNCTION 34 
  SERVO12_FUNCTION 36 
  RCMAP_PITCH 2 
  RCMAP_ROLL 1 
  RCMAP_THROTTLE 3 
  RCMAP_YAW 4 

ELRS Receivers  SERIAL6_PROTICALS 23 
  SERIAL6_OPTIONS 0 
  SERIAL6_BAUD 115 
  RSSI_TYPE 3 

Radiomaster Transfer FLMODE_CH 6 
  RC5_OPTIONS 153 
  RC7_OPTIONS 4 
  RC8_OPTIONS 69 

GPS SERIAL4_PROTICALS 5 
Micro OSD V2 SERIAL1_PROTICALS 1 

  SERIAL6_BAUD 57 
  OSD_TYPE 5 
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