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Project Description 

• Statement:
• We will Develop a Utililty Drone with Variable Payload Capacity 

• Description/Objective:
• Design a drone frame utilizing commercially available parts
• Engage and deploy different payloads, while remaining airborne
• One payload will include a camera for potential surveying
• One payload must be equal or greater in weight to 30% of the drone’s empty weight
• Another payload will include a MC-01F30 Cruise Missile that must be able hit a target after being deployed. 
• Drone must be able to return to user and deliver/retrieve a payload to/from a desired location/target

• Sponsor/Client:
• Mechanical Engineering Department at Northern Arizona University 
• Contact: Professor David Willy

• Importance:
• satisfies a need for a more affordable and easier to manufacture, payload capable drone
• Drone could be used to deliver and receive any kind of package 
• Could also be used for emergency response to deliver first aid materials or other emergency supplies
• Necessity for remote piloted drones that are durable, easy to fly, and can return to the user while performing tasks
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Black Box Model
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Concept Generation - Frame
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Concept Evaluation
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Concept Generation – Arm Design
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Concept Evaluation
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Engineering Calculations (Arm Force 
Calculations)

• Assuming carbon fiber cantilever beam style arms, length = 0.5m, 
mass = 0.04536kg, thrust force = 100 N, 

• W = 0.04536kg * 9.81m/s^2 = 0.445N

• ΣF = 0 => 100N - 0.445N - Rf = 0 =>

• Rf = 100N - .445N = 99.555 N (shear force)

• (Target weight of drone is approximately 111N)

• ΣM = 0 => 100N * 0.5m - .445N * 0.25m + Rm = 0 =>

  Rm = -100N * 0.5m + .445N * 0.25m = -49.889 N*m (bending moment)
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Engineering Calculations (Arm Deflection)

• E = 250–350GPa (1), ri = 20mm = 0.02m, ro = 22mm = .022m,

• I = π/4(ro^4-ri^4) = π/4[(0.022m)^4 - (0.02m)^4] = 5.832*10^-8 m^4

• Δmax = PL^3/3EI = [100N * (0.5m)^3] / [3 * (300*10^9Pa) * (5.832*10^-8m^4) = 

• Δmax = 2.381*10^-4m = .2381mm ≈ 1/100th of an inch
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Concept Generation – Payload System
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Concept Evaluation
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Evaluation: Magnet Comparison

• MAG-MATE AR1504

Class – shielded electro-
magnet

Weight: 1 lb

Dimensions: 1.3'' H, 2.5" D

Max hold force: 35 lbs

Price: 215$
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• MAG-MATE ER2-202

Class – non-shielded electro-
magnet

Weight: 2 lbs

Dimensions: 2-½'' H, 2" D

Max hold force: 100 lbs

Price: 140$

• Magswitch MAGJIG 
60

Class – mechanical magnet 
(will require actuator to 
engage/dis-engage)

Weight: 0.2 lbs

Dimensions: 1.7" H, 1.6" L, 
1.1" W

Max hold force: 60 lbs

Price: 26$
• Target Drone Weight: 25 lbs

• Max Payload weight: 7.5 lbs



Concept Evaluation: Motor Comparison

T-Motor f-1000

Weight: 404 (g)

Max Thrust: 6875 (g)

Max Current: 125 A

Max Power: 4000 W

Price: $119.90

*iFlight XING X4214 660KV

Weight: 213 (g)

Max Thrust: 7900 (g)

Max Current: 98 A

Max Power:2352 W

Price: $82.99

SunySky X4120 650KV

Weight: 290 (g)

Max Thrust: 6592 (g)

Max Current:100A

Max Power: 2750 W

Price: $136.65

Propeller Configuration: 16 x 5.4 
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Engineering Calculations (Motor Selection)

• MATLAB program to estimate flight times

Inputs
• Weight-motor efficiencies-motor thrust- motor #-

Outputs

Example Parameters

• Drone – 6 kg

• Payload – 4.5 kg

(43% of total)
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Concept Evaluation: Propeller Comparison

T-Motor P17x5.8 Gemfan 16x5.4 *HQProp 16X8X3 (3 prop)
• Diameter: 16 inches

• Pitch: 8 inches

• Material: black-glass fiber-
reinforced nylon

• Weight: 66.5 g

• Thrust Limit: ~7.2 kg

• Optimum RPM : 3500-
6000

• Price (1): $26.28
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•Diameter: 17 inches

•Pitch: 5.8 inches

•Material: Carbon fiber

•Weight: 26.5 g

•Thrust Limit: 7.5 kg

•Optimum RPM : 3500-6000

•Price (2): $71.90

•Diameter: 16 inches

•Pitch: 5.4 inches

•Material: Carbon fiber

•Weight: 53 g

•Thrust Limit: 7 kg

•Optimum RPM: 3000-5000

•Price (2): $62.39



Concept Evaluation – Pixhawk 6C Flight 
Controller [2]

Processors & Sensors
• FMU Processor: STM32H743 
• 32 Bit Arm® Cortex®-M7, 480MHz, 2MB 

memory, 1MB SRAM 
• IO Processor: STM32F103
• 32 Bit Arm® Cortex®-M3, 72MHz, 64KB 

SRAM 
• On-board sensors 
• Accel/Gyro: ICM-42688-P 
• Accel/Gyro: BMI055 
• Mag: IST8310 
• Barometer: MS5611
Electrical data
• Voltage Ratings:
• Max input voltage: 6V
• USB Power Input: 4.75~5.25V
• Servo Rail Input: 0~36V
• Current Ratings:
• Telem1 Max output current limiter: 

1.5A
• All other port combined output current 

limiter: 1.5A
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Mechanical data
• Dimensions: 84.8 * 44 * 12.4 mm
• Weight (Aluminum Case) : 59.3g
• Weight (Plastic Case) : 34.6g
Interfaces
• 16- PWM servo outputs (8 from IO, 8 from 

FMU)
• 3 general purpose serial ports
• Telem1,2,3 - Full flow control, separate 

1.5A current limit
• GPS1 - Full GPS port (GPS plus safety 

switch)
• GPS2 - Basic GPS port
• 1 I2C port
• 2 CAN Buses
• Dedicated R/C input for Spektrum / DSM 

and S.BUS, CPPM, analog / PWM RSSI
• Dedicated S.BUS output
• 2 Power input ports (Analog)



Final Design
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Magswitch MAGJIG 60



CAD Design
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Schedule 
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Budget 
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Bill of Materials 
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Ite m Q uantity C ost P e r U nit T otal C ost
D R O NE  O NL Y T otal C ost: 1,193.46$     
22Ah 6S  LiP o B attery 1 240.00$         240.00$        
F light C ontroller (P ixhawk 6C ) 1 231.46$         231.46$        
GP S /C ompass (M10, included w/ F C ) 1 -$               -$              
Motors 4 62.75$           251.00$        
6-channel R C  receiver 1 35.00$           35.00$          
P ower D istribution Module (P M07, 
included w/ F C ) 1 -$               -$              
E lectronic S peed C ontroller (60A) 4 30.00$           120.00$        
R C  C ontroller 1 50.00$           50.00$          
W iring kit 1 25.00$           25.00$          
LiP o B attery C harging K it 1 52.00$           52.00$          
C arbon F iber T ubing (6') 2 25.00$           50.00$          
3D  P rinting F ilament (AB S ) 2 20.00$           40.00$          
3D  P rinting F ilament (P LA) 1 24.00$           24.00$          
Various hardware (screws, bolts, etc.) As Needed 75.00$           75.00$          

Ite m Q uantity C ost P e r U nit T otal C ost
M IS S IL E  P AY L O AD T otal C ost: 208.41$        
3D  P rinting F ilament (LW P LA) 2 35.00$           70.00$          
3D  P rinting F ilament (P LA) 1 24.00$           24.00$          
50pcs M3 12mm hex heads 1 5.00$             5.00$            
10pcs 150mm extension wires 3 5.29$             15.87$          
1350pcs S et C  B lack screws 1 10.00$           10.00$          
3-axis  Gyro 1 14.26$           14.26$          
7000K V 30mm motor 1 23.64$           23.64$          
2g motor servo 3 6.85$             20.54$          
2-4S  20A B rushless E S C 1 25.10$           25.10$          
R E G U L AR  P AY L O AD S T otal C ost: 450.00$        
GoP ro/similar camera 1 220.00$         220.00$        
Magswitch MagJ ig Magnet 1 30.00$           30.00$          
P ayload attachment build materials 1 200.00$         200.00$        
T O T AL  O VE R AL L  C O S T : 1,851.87$     



Summary and Next Steps

• Mathematical analysis provided us with the best motors, propellers, and 
design

• Order Parts
•ESC (electronic speed controllers X4) 100A
•Carbon fiber tube length - 500mm  Diameter - 20 mm X 4
•Simnet Drone Design Program
•HQProp 16X8X3 (3 prop) X 4
•Electromagnet release system 

• Report 1

• Update website

• Build Prototype and Test
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Sources

[1] S. Mirdehghan, “Carbon Fiber Properties - an overview | 
ScienceDirect Topics,” www.sciencedirect.com, 2021. 
https://www.sciencedirect.com/topics/materials-science/carbon-
fiber-properties

[2] “Pixhawk 6C Technical specification,” Holybro Docs, 
https://docs.holybro.com/autopilot/pixhawk-6c/technical-
specification (accessed Oct. 9, 2024). 
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Questions?
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