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Project Description
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Main requirements for regular class: 

● Able to carry oversized cargo (soccer balls and steel weights)
● Take off / land on 100 foot runway

● Travel 400 feet from start before turn
● Aircraft must complete a minimum of one 360° circuit
● 120 second time limit
● 10 foot max wingspan
● 1000 Watt power limiter



Functional Model

Battery

Import 
payload

Team 
member  
hand

Electrical 
Potential

Rotate 
propeller

Radio 
controller

Move 
aircraft

Payload 
transported

Human 
Power

Radio 
Signal

Actuate 
Surfaces

Mechanical 
Movement

Take off 
Landing and
Air control

Move 
payload

Export 
payload

Human 
Power

Mechanical 
Thrust

Visual 
Signal

Visual 
Signal

Chris Galus



Concept Generation: Airfoil

● USA 35B
○ Used on multiple STOL 

bush planes
● NACA 2412

○ Used on Cessna bush 
planes

● Eppler 61
○ Best performance to this 

point 

Need short take off/high lift capabilities. Short list of best short take off and landing (STOL) aircraft and 
the airfoil they used. Continuing to look at gliding ratio and high available angle of attack before stall 
utilizing all airfoils on aifoiltool.com.
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Concept Evaluation: Airfoil

Using the graphs output from 
airfoiltools.com the team is comparing 
gliding ratio, angle of stall, how gliding ratio 
is affected by alpha

USA 35B best Cl/Cd vs alpha

NACA 2412 best Cl vs Cd

E 61 best Cl vs alpha
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Figure 1:  NACA 2412 Aerodynamic Graphs [H]



Concept Generation: Wings

Chris Galus
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Choosing a straight (constant chord) wing gives:
● Internally supported by whole span spars
● Easiest to manufacture
● Greatest wing area for given span

Choosing a hoerner wing tip gives:
● Helps equalize pressure to reduce drag

Including leading edge slats gives: 
● Improved lift and angle of attack

Choosing a top mounted configuration gives:
● Easier to remove and swap if needed, can be 

additionally supported by struts Figure 2: Leading Edge Slats [D] Figure 3: Hoerner tip [G]



Concept Evaluation: Wings 
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● Created an Excel spreadsheet to calculate lift while changing span, chord, angle of attack, and Reynold’s 
number

● Used FoilSim from NASA to confirm calculations for each airfoil and given geometry



Concept Generation: Empennage 

Jacob Cong

Options: Layout Options: Airfoils

Pros: Manufacturability

Cons: Size, Placement 
Concerns

Pros: Size, Placement

Cons: Manufactuability, 
Weight, Placement

Pros: Manufacturability, 
Easy to Modify

Cons: Low Lift

Pros: High Lift

Cons: Manufactuability, 
Hard to Modify

[A] [B]
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Concept Evaluation: Empennage

Jacob Cong

Decision: Conventional Tail Decision: Symmetrical Airfoil (NACA 0012)

Reasons: 
● T-Tail not necessary
● Manufacturability/Designability

Reasons: 
● Manufacturability
● Can be integrated into 

“trimmable horiz. stabilizer”

Wing Design   Tail Layout   Tail Airfoil   *EQUATIONS WILL FOLLOW*[C]

CR
● Manufacturability

ER
● Weight
● Ease of Assembly
● Turning Capability

CR
● Control Authority
● Manufacturability

ER
● Ease of Assembly
● Turning Capability
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Concept Generation: Landing Gear, Configuration

Nathan Valenzuela
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Tail-dragger
Pro: Landing capabilities 
(uneven surfaces)
Con: High angle of attack on 
take-off

Tricycle (“Nose-Gear”)
Pro: Highest stability & control on 
take-off
Con: Requires smooth runway

[I] [J]



Concept Generation: Landing Gear, Suspension

Nathan Valenzuela
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Suspension
● Aids the absorption and dissipation of kinetic energy 

experienced on landing impact. 
● Reduces the load transmitted to the airframe.

Tail-dragger vs 
Tricycle 

suspension



Concept Evaluation: Landing Gear
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Relevant Customer Needs Customer Weights Tail-dragger Tricycle

Manufactuability 7 9 9

Takeoff & Landing Capability 10 * *

*Stability on ground 10 7 9

*Takeoff Capability 10 6 10

*Landing Capability 10 8 8

Flight Capability 8 6 7

Lightweight 7 6 8

Weighted Score 86.7 60.5 74.2

Tail-dragger

Tricycle



Alex Klausenstock
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Concept Generation: Simple range of balls vs wt

CR: High Success Rate(Stability), Low Drag, Many Balls

10 Balls

3 Balls
1 Ball

Concept Generation:  Payload Configuration

Increasing Drag
Increasing Score

Decreasing Stability
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10 Balls

3 Balls

1 Ball

Concept Evaluation: Payload Configuration
Scoring:
1 Ball: 103
3 Balls : 112
10 Balls : 143

Must be 5 balls per layer to make depth worth it
4- 9 Balls not worth it

Best Balance



Budget
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Jacob Cong

Design Evaluation: Working Design
Empennage

● Conventional Layout
● Trimmable, Symmetrical 

Airfoils

Landing Gear
● Tricycle Layout
● All Members Include Shock 

Absorption

Cabins
● Support 1-,2-, and 3-ball 

configurations
● Short Cabin Length

Wing
● Pictured: NACA 2412
● Rectangular

Satisfied CRs
● Ball/Weight Capacity
● Low Cargo Bay Length
● Inside Budget
● Takeoff and Landing 

Capability
● Control Authority
● Constructability

Satisfied ERs
● Weight (Est. 35 lbf)
● Power (1000W)
● Cost ($488)
● Lift (39.7 lbf)
● Low Drag (10.6 lbf)
● Ease of Assembly
● Velocity
● Turning
● Cabin Length (22.5”)
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Schedule
Semester 1 Tasks Only
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Appendix A: Equations
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How the CAD works: Dimensions related by Equations

Jacob Cong



Appendix A: Gantt Chart
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