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ABSTRACT 

This project presents the design of an autonomous vertical 

takeoff and landing (VTOL) drone for delivering medical 

supplies to remote and underserved regions. The system uses a 

hybrid fixed-wing quadcopter configuration with tilting rotors, 

enabling efficient vertical takeoff and long-range fixed-wing 

flight. The drone transitions between flight modes by rotating 

its propellers. The design incorporates a tandem tilt-motor 

design to improve aerodynamic efficiency by reducing energy 

drain and propeller interference. Overall, the system provides a 

flexible autonomous medical delivery system. 
 

I.  INTRODUCTION 

Access to medical supplies in remote regions remains a 

global challenge, often limited by terrain, infrastructure, and 

response time. This project addresses the gap through design 

and development of an autonomous vertical takeoff and landing 

(VTOL) drone capable of delivering medical payloads 

efficiently and reliably. By combining the advantages of VTOL 

and fixed-wing capabilities, the system is engineered to operate 

without the need of a launch system or certain landing locations, 

while still achieving long-range and efficient flight.  

 

A. Need and Objective 

This project focuses on developing an autonomous VTOL 

drone designed to deliver medical supplies to remote and 

difficult to access areas. The drone is capable of vertical takeoff 

and landing, then transitions into fixed-wing flight by tilting its 

propellers from a vertical to a horizontal position. It can 

autonomously navigate to designed locations and deploy 

supplies with precision. Powered by electric motors and 

advanced navigation systems, the design provides a cost-

effective and environmentally friendly solution for transporting 

critical healthcare resources. Overall, it aims to improve 

accessibility, reduce delivery times, and better support 

underserved communities.  

 

The objective of this project is to develop an autonomous 

drone capable of delivering medical supplies to remote areas 

with limited access to healthcare resources. The drone will be 

designed as a fixed-wing quadcopter that performs vertical 

takeoff and landing (VTOL). After takeoff, the propellers will 

tilt to transition the aircraft into fixed-wing flight for efficient 

long-distance travel. 

 

Upon reaching the target location, the drone will switch to 

VTOL mode to land at the designated drop zone. Once 

positioned, a released mechanism will open to deploy the 

medical supplies and then securely close after the payload has 

been delivered. The drone will then take off again in VTOL 

mode, transition back to fixed wing flight, and return to its 

original launch location. 

 

B. Research and Impacts 

1)Background Research: This project builds on proven 

drone technologies, emphasizing safety, reliability, and 

autonomous operation. Like zipline platforms, it combines 

efficient flight with advanced sensing and navigation as shown 

in Figure 1 [7]. Unlike their launch-based systems, this design 

uses a tandem tilting- motor VTOL configuration, enabling 

VTOL and efficient fixed-wing flight while reducing 

aerodynamics interference and power consumption [1] . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Zipline Platform 1 and 2 comparisons 

 

2) Social Impacts: The system improves access to medical 

supplies in remote areas through fast, autonomous delivery. 

Applications in countries like Rwanda and India demonstrate 

how drones enhance healthcare and agriculture, highlighting 

their societal benefits [2].  

 

3)Economic Impacts: Drone Delivery can reduce 

transportation costs by replacing traditional ways with efficient 

electric systems. Looking at the global drone market growing 

rapidly, this technology also supports industry expansion and 

job creation [3] and [5]. 
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Figure 2: Chart showing the drone market increase from 2018 to 2030 

[3] 

 

 The implementation of this autonomous drone delivery 

system has the potential to significantly reduce transportation 

costs within the medical supply chain. By replacing traditional 

delivery methods such as ground vehicles or large cargo aircraft 

with drones powered by electric motors, overall operating 

expenses can be lowered. The global drone market was valued 

at approximately $73.06 billion in 2024 and is projected  to 

reach $163.60 billion by 2030, growing at an annual rate of 

14.3% from 2025 to 2030. This expansion is driven by rapid 

autonomous systems, and enhanced imaging sensors, all of 

which continued to broaden drone applications across various 

industries. 

 

 4)Environmental Impacts: Electric drones lower carbon 

emissions compared to fuel powered transport and support 

environmental monitoring. Additionally, faster medical 

deliveries improve healthcare outcomes and emergency 

response, promoting global healthcare [4]. 

 

II. ELECTRICAL COMPONENTS 

 

 

 

 

 

 

 

 

 

 
Figure 3: E-Calc 

 

For our E-Calc we received the results above with the 

component set up we used. We were able to receive a thrust 

weight of 2.6 when normally the goal is 2 and we have an 

anticipated flight time of 14 minutes. To increase that time, we 

would just need to buy a bigger battery that has a higher mAH 

rating. The main issue was temperatures since they were in the 

red, meaning the ESC’s and motors are going to heat up a lot. 

But to counteract this, we used PETG and Poly carbonate in our 

manufacturing process due to their high thermal properties, 

ensuring nothing will be damaged. 

 

A. Flight Controller (FC) 
 

 
 

 

 
 

 

 
 

 

Figure 4: Cube Pilot the Cube Orange FD Standard Set + ADS-B 

 

IO Ports: 14 PWM servo outputs  

• 5X UART  

• 2x can Ports  

• I2C  

• Input Voltage: 4.1v-5.7v  

• Rated input current: 2.5A 

• Rated input/output power: 14W 

• 3 IMU’s (Accelerometer/gyroscope) 

• Dual barometers 

B. Electronic Speed Controller (ESC) 

 

 

 

Figure 5: SEQURE 100A Brushless Motor ESC 5-12S for RC Drones 

• Dual-way brushless esc support 5-12 LiPo. 

• Input Voltage 18V-50.4V, Continuous Current 100A, 

Peak Current 180A 

• Support more protocols like Dshot (All), PWM, 

Oneshot, Multishot, etc. 

• Functions: Forward, reverse, braking 

• Low voltage protection, temperature protection, 

locked rotor protection, and current protection. 

• Supports motor timing, throttle calibration, current 

detection, motor steering, telemetry signal and other 

settings. 
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C. Motors 

 

 

 

 

 

 

 

 

 
Figure 6: P60 Pin Agricultural UAV Motor KV170 

 

This motor was selected due to its optimal thrust-to-

efficiency ratio, delivering maximum propulsive force while 

maintaining superior energy consumption characteristics. 

Through comparative analysis of available propulsion systems, 

this unit demonstrated the most favorable performance profile 

for our operational requirements. The motor's ability to generate 

substantial thrust without imposing excessive energy demands 

ensures extended flight duration and enhanced payload 

capacity, making it the most suitable choice for this application. 

 
 

III. Wing Design and Aerodynamic Analysis 

 The development of the wing went through an iterative 

design and analysis process, prioritizing a high lift to drag ratio 

while maintaining a structurally sound wing that includes 

enough of a weight reduction to maximize the drone’s medical 

payload capacity. 

 

A. Wing Airfoil Selection 

The aerodynamic performance of the NACA 4412 airfoil 

wing was analyzed using an XFLR5 software package [6]. The 

NACA 4412 was selected for its peak and sufficient lift to drag 

ratio values, specifically operating on the angle of attack values 

of –3° to 3°. When compared to competitor airfoils like NACA 

2415, 4412 provides a more stable and progressive set of lift 

coefficient values and a set of pitching moment coefficient 

values closer to zero which in turn helps with overall stability 

and effectively reducing the workload on the flight control 

system. Further analysis and calculations led to the 

confirmation that the minimum velocity required for the 

horizontal flight portion of the flight remained below the 60-

mph target within the angle of attack range, helping ensure that 

the drone achieves proper flight after catching enough speed via 

the VTOL portion. The values extrapolated via the XFLR5 

wing analysis include the geometries for the wing airfoil, given 

NACA 4412 as the airfoil, and the geometries for vertical 

stabilizer, which ended up being the NACA airfoil 0012. 

 

Figure 3: 4412 AoA v L/D 
 

Figure 4: 4412 AoA v Cm 

 

Figure 5: 4412 AoA v Vmin 

 

Figure 6: NACA4412 XFLR5 Analysis 
 

 

B. Vertical Stabilizer Airfoil 

The vertical stabilizer went through the engineering stages 

of analysis and design to provide the necessary directional 
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stability for the drone, specifically to counter the asymmetrical 

thrust and yaw moments during the fixed wing stage of the 

drone. 

 

The vertical stabilizer, although not physically 

manufactured and tested, needs to work uniformly to handle 

yaw in both directions, while the main wing serves its purpose 

as a tool that helps the drone achieve or create lift. For the 

vertical stabilizer, the specific air foil used was NACA 0012, 

and its selection was made because of two main reasons. The 

first reason was that NACA 0012 is proven to be very good at 

flight stability, specifically for drones. The other reason was 

because of the close-to symmetrical shape of the air foil. It is 

very important for the vertical stabilizer to be symmetrical, as 

it ensures equal aerodynamic response to positive and negative 

yaw angles, thus leading to stable directional control during 

fixed forward flight.  

 

C. Horizontal Stabilizer Design 

Like previously stated, during the plane and wing analysis 

in XFLR5, the horizontal stabilizer was included in the analysis 

along with actual wing. The graphs displayed in the previous 

text display this data. 

 

The Vertical Tail Volume Coefficient (𝑉𝑣 ) was used to 

figure out the stabilizers actual size. For this specific drone, a 

𝑉𝑣  of 0.55 was selected. Using this value, along with the drone's 

wingspan value and wing area value, the total area, height, root 

chord, and tip chord of the vertical stabilizer were found. 

 

D. Tail Boom Specification 

The vertical stabilizer will be held by a structural rod that 

would be extended from the rear of the drone. The length of this 

rod will help define the Tail Moment Arm, serving as the 

distance from the aircrafts center of gravity to the stabilizers 

aerodynamic center. The calculation of this Rod length uses the 

tail moment arm value and the root chord value, leading to a tail 

rod length value of 77.6 cm. 

 

E. Structural Optimization 

The overall structural design of the drone did go through an 

iterative design process, all in hopes of reducing the drone's 

total weight and improving manufacturing efficiency. When it 

comes to the wings internal structure, specifically the airfoil 

ribs, the thickness of each rib was cut down from 5 mm to 3 

mm, as it was believed that the 2 mm extra thickness didn’t 

serve any purpose besides adding weight. Also, specific square 

and hole cuts were changed from the cuts size and distance 

between each cut to keep up with design changes pertaining to 

the structural rods and fuselage design changes.  

 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

Figure 7: Full Wing Assembly 

 

F. Flap Modification 

The design of the flaps, too, went under design changes to 

optimize the wing, more specifically to help reduce drag and 

improve structural integrity. The flap connector, a piece created 

to hold the airfoil ribs and wing flaps, went through a design 

change where a three squared extrusion with a hole cut through 

all of them was added. This was to allow the connector piece to 

grasp the inner structural rod, creating a more robust 

mechanical connection. Another change was to the flaps, as 

they were extruded while having added a curved inner portion 

to reduce gap between the flap and the connector, thus reducing 

overall potential pressure silage during flight, leading to less 

drag.  

 

G. Governing Equations 
 

Taper Ration 
𝑇𝑖𝑝𝐶ℎ𝑜𝑟𝑑𝐿𝑒𝑛𝑔𝑡ℎ

𝑅𝑜𝑜𝑡𝐶ℎ𝑜𝑟𝑑𝐿𝑒𝑛𝑔𝑡ℎ
 

 

Mean Aerodynamic Chord 

(1 + 𝑇𝑎𝑝𝑒𝑟𝑅𝑎𝑡𝑖𝑜(𝑇𝑎𝑝𝑒𝑟𝑅𝑎𝑡𝑖𝑜  ⋅  𝑇𝑎𝑝𝑒𝑟𝑅𝑎𝑡𝑖𝑜))

1 + 𝑇𝑎𝑝𝑒𝑟𝑅𝑎𝑡𝑖𝑜
 

 

Final Mean Aerodynamic Chord 
2

3
⋅ 𝑅𝑜𝑜𝑡𝐶ℎ𝑜𝑟𝑑 ⋅ 𝑀𝑒𝑎𝑛𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝐶ℎ𝑜𝑟𝑑 

 

 

Reynolds Number 

1.225
𝑘𝑔
𝑚3 ⋅ 17.9

𝑚
𝑠

⋅ 𝐹𝑖𝑛𝑎𝑙𝑀𝑒𝑎𝑛𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝐶ℎ𝑜𝑟𝑑

. 0000181
𝑘𝑔

𝑚 ⋅ 𝑠

 

 

Area Of Wing 

𝑊𝑖𝑛𝑔𝑆𝑝𝑎𝑛 ⋅ 𝐴𝑣𝑒𝑟𝑎𝑔𝑒𝐶ℎ𝑜𝑟𝑑  
 

Coefficient of Lift Over Coefficient of Drag 
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𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑂𝑓𝐿𝑖𝑓𝑡

𝐶𝑜𝑒𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑡𝑂𝑓𝐷𝑟𝑎𝑔
 

 

Minimum Velocity Required for Lift 

√2 ⋅ 𝑊𝑒𝑖𝑔ℎ𝑡

1.225
𝑘𝑔
𝑚3 ⋅ (𝐶𝐿  𝑎𝑡 𝐴𝑜𝐴) ⋅ 𝐴𝑟𝑒𝑎𝑂𝑓𝑊𝑖𝑛𝑔

 

 

Figure 8: Wing Design Calculations 

 

H. Flap Control 

All the flaps and ailerons were controlled by 180 degree 

turning servo motors. These servo motors were screwed into 

place, specifically into the servo motor holders, which were 

designed via SolidWorks and later 3D printed. They can be seen 

in Figure 7, specifically between ribs 3 and 4 as well as 7 and 

8. Each wing requires two servos, as each servo controls one 

flap and one aileron.  

 

In terms of wiring, each of the two servos wires for each 

wing were connected to one Y-Harness, then connected to a 

servo extension cable, in which the extension cable was 

connected to the FrSky X8R Receiver. This configuration 

allows for cleaner management of wires. In terms of operating 

the flaps and ailerons, a controller which communicates with 

the receiver helps with the tilting. 

 

To connect the actual servo horns to the flaps, triangular 

pieces with 4 1mm hole cuts, aligned vertically to the long side 

of the triangle, were designed and 3D printed. They were then 

superglued to the flaps and serve as the other holding end. To 

connect the triangle piece to the horn, 1mm diameter push rods 

were ordered. Since only one side had the Z-shape, the other 

end of the rod had to be manually adjusted to make both sides 

have a similar Z-shape. This was done by clamping the rod to a 

bench vise and using a hammer and tweezer to create that 

needed Z-shape. Once completed, the push rods were inserted 

into one hole cut of the servo horn, and into one hole cut of the 

triangular piece. 
 

IV. FUSELAGE DESIGN 

 

The aircraft features a structurally efficient fuselage and an 

integrated tilt-rotor system designed to balance strength, 

aerodynamic performance, and energy efficiency. The fuselage 

adopts a square cross-section with filleted edges, providing 

sufficient structural support for payloads and electronics while 

maintaining aerodynamic structure for long-range fixed wing 

flight as shown in Figure 9. This design prioritizes durability 

and stability, particularly during cruise conditions where 

efficiency is critical. 

 

In the structure of the fuselage there are four sixteen-

millimetre diameter rods that hold it together in the corners with 

four rib sections. It is squared shaped with filleted edges, the 

reason behind the shape is to allow for compartmentalization 

with placing electronics, the payload, tilt-rotor mechanism, and 

wings. 

 

 

 

 

 

 

 

 

 
 

Figure 9: 3D Isometric View 
 

 

 

 

 

 

 

 

 
Figure 10: Side View 

 

The overall configuration shown in Figure 9 draws 

inspiration from the tilt-rotor capabilities of the Bell Boeing V-

22 Osprey and tandem rotor arrangement of the Boeing CH-47 

Chinook. By combing these concepts, the design integrates a 

tandem tilt-rotor layout that enhances lift distribution and 

aerodynamic efficiency. 

 

V. PROGRAMMING AND CONFIGURATION 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 11: Servo Settings   
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For our servo outputs we used the values 500-1900 for the 

180-degree servos that were used for the drop mechanism and 

the flaps. Using these values allowed the servo to use its full 

distance of 0-180 degrees to allow the max amount of 

movement for the flaps and drop mechanism. The servos that 

are 1000-1900 are used for the 2 360 degrees servos to allow 

the full rotations and for it to stop at the midpoint of the tilt 

when the motors fully transition to 90 degrees and then allow 

the servos to rotate back up to the starting position of VTOL. 

 

 

 

 

 

 

 

 

 

 
Figure 12: ESC settings  

 

These were the ESC calibration set ups that were put into 

place with the default setting for the ESC to allow the motors to 

run at their max settings.  

 

 

 

 

 

 

 

 

 

 
Figure 13: Motor Configuration  

The orientation we have for the motors is the front right 

(Motor A) to be CCW, the back right motor (Motor B) to be 

CW, the back left motor (Motor C) to be CCW and the front left 

motor (Motor D) to be CW so that they are the same diagonally.  

 

VI. PAYLOAD DROP MECHANISM 

 

 

 

 

 

 
Figure 14: Closed doors   

 
 

 

 
 

 

       
Figure 16: Tested 

 

Figure 15: Open doors 

The payload drop mechanism is used to help deliver the 

medical supplies. This smooth transition consists of two 180-

degree servo motors that move an arm attached to the door that 

swings open to allow the payload box to drop down as shown 

in Figure 14, 15, and 16. Throughout the duration of the flight, 

it keeps the doors closed and only opens the door during 

delivery. The payload is projected to weight no more than four 

pounds. The box is three feet by three feet square to allow for 

multiple types of supplies to be added inside. 

 

VII. TILT-ROTOR MECHANISM 

 

 

 

 

 

 

 

 

 

 
Figure 17: Front     Figure 18: Tested 

 

The tilt-rotor mechanism is used on the front and rear rods 

as shown in Figure 17 and Figure 18, with the rear assembly 

mirroring the front. Each system utilizes a 360-degree metal 

servo motor connected to a circular horn, which drives a worm 

gear mechanism. As the worm gear rotates, it actuates a larger 

gear fixed to a perpendicular sixteen-millimetre diameter one-

meter-long shaft that supports the motor mounts that hold the 

motors through a clamp on the rod, enabling controlled rotation 

of the propulsion system between vertical and horizontal 

positions. Calculations required for the tilt derive from the 

equations shown below being. 

 

Loads: 
Thrust from 

motor  
F= 

max 𝑡ℎ𝑟𝑢𝑠𝑡 

𝑔
 = 

8.5𝑘𝑔𝑓

9.8𝑚/𝑠2
=> 83N 

Motor 

weight 
W= (m) x (g) => (375g) x (9.81𝑚/𝑠2) => 3.7N 

Apply Factor 

of Safety of 
1.5-2 [8] 

Design Load = (F) x (FoS) => (83N) x (2) => 166N 

Total Force T = (Design Load) + (W) => (166N) + (3.7N) => 

169.7N 

Moment 

from Rod 

L=0.5m, M=(T) x (L), M = (169.7N) x (0.5m) => 85N/m 

 

 
Moment of Inertia 𝐼 =  

𝜋

64
(𝑑𝑜

4 − 𝑑𝑖
4) =>

𝜋

64
(0.0164 − 0.0124)

=> 𝟐. 𝟐 𝒙 𝟏𝟎−𝟗𝒎𝟒 

𝜎𝑏 = Bending Stress 

c = Vertical distance 

away from neutral axis 

 

𝜎𝑏 =  
𝑀𝑐

𝐼
 => 

(85
𝑁

𝑚
)𝑥 (0.008𝑚)

2.2 𝑥 10−9𝑚4
 => 3.09 x 108 Pa 

=> 309 MPA 
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𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 

FoS for Carbon Fiber 

that was used is 3 

𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒 =
𝜎𝑢𝑙𝑡𝑖𝑚𝑎𝑡𝑒

𝐹𝑜𝑆
=>

1000𝑀𝑃𝑎

3
  => 

333MPa 

𝜎𝑎𝑙𝑙𝑜𝑤𝑎𝑏𝑙𝑒𝑣𝑠 𝜎𝑎𝑐𝑡𝑢𝑎𝑙 333MPa > 309MPa 

 

FEA: For motor mounts 

 

 

 

 

 

 

 
Figure 19: First FEA    Figure 20: Final FEA 

 

In SolidWorks, Finite Element Analysis was done for 

Figures 19 and 20 to see where the stress had occurred for the 

motor mount when the force will be applied. For aircrafts, a 

factor of safety of 1.5-2 was applied. 

 

This mechanism enables smooth transition between VTOL 

and fixed-wing flight. As the rotors tilt forward, the wings begin 

to generate lift, reducing the load on the motors and lowering 

overall energy consumption. This improves flight efficiency, 

allowing for extended range or increased speed while 

minimizing power demand throughout the mission.  

 

 

 

 

 

 

 

 

 

 
Figure 21: Picture of first hover test attempt 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
Figure 22: Picture of successful hover 

 

 

VIII. MISSION OBJECTIVE 

 

 

 

 

 

 

 

VIIII. DISCUSSION 

 

Achieving a balance between efficiency and reliability is 

critical in the development of a fully autonomous medical 

delivery drone. This balance is reflected on the design, 

particularly in its hybrid flight capability. The drone can take 

off vertically and then transition into fixed-wing flight, enabling 

efficient long-range travel. Its ability to switch between VTOL 

and fixed-wing modes makes it especially effective in remote 

regions or areas with challenging terrain. The aircraft utilizes a 

tilt-rotor mechanism located at the end of its four wings. This 

tilting capability smooth transitions between vertical and 

forward flight modes. Additionally, the tandem rod placement 

and alignment improve motor efficiency during hover and 

transition phases. 

The current draws inspiration from existing industry 

applications. Companies such as Zipline have demonstrated the 

importance of reliability and operational safety in autonomous 

delivery systems. As drone technology continues to advance, 

there is an increasing demand for improved autonomous 

applications. For instance, unlike Zipline’s drones why rely on 

a catapult launch system, this design operates independently 

without the need for external launch equipment. 

 

The significance of this project is further highlighted by its 

potential societal and economic impact. In countries like 

Rwanda, autonomous drones have already proven to be highly 

effective in delivering critical medical supplies, significantly 

improving emergency response times. The demand for reliable 

and efficient drone systems continues to grow, not only in 

healthcare but also in industries such as agriculture, and disaster 

relief. While this project mainly addresses healthcare, the 

application also makes it highly needed for other industries. 

 

X. CONCLUSION  

The development of an autonomous VTOL medical 

delivery drone represents a step towards improving access to 

essential healthcare in remote and underserved regions. By 

combining the vertical takeoff and landing capabilities of a 

quadcopter with the efficiency of fixed-wing flight, this design 

offers a practical and reliable solution for long-range, rapid 
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delivery missions. Its innovative tilt-rotor mechanism and 

integrated structure enhanced performance during both hover 

and transition phases, while eliminating the need for external 

launch systems increases operational flexibility.  
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