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❑ Society of Automotive Engineers Aero 
Design competition

o International fixed wing unmanned aerial 
vehicle competition

❑ Customers

oUVU

oR/C enthusiasts, search and rescue teams

o SAE International

oOther regulating bodies (FAA, IEEE, FCC)

Problem Definition



Customer Needs SAE

❑ Most needs were collected from SAE Aero 
Design competition Rules.

❑ Most relevant

oTake off in <100 ft

oWingspan <10 ft

oCarry at least one soccer ball



Customer Needs Non-SAE

❑ Needs collected from FAA regulations, or 
from speaking with RC hobbyists.

❑ Most Relevant

oHigh weight short wingspan

o Fly below 400'

oWithstand up to 10 mph



Specifications

❑ Conversion to specifications

oMany are binary

oOthers are quantified

oLevel of importance determined (Imp)



Concept Generation & Selection

Number 
of Wings

Wing 
Shape

Chord 
Length

Wing 
Orientation

Wing 
Tips

Control 
System

Unconventional

1 Straight Short Forward Sweep
Up 

Swept
Traditional Channel Wing

2 Tapered Medium Back Sweep
Down 
Swept

Thrust 
Vectoring

Conveyor Belt

3 Curved Long Straight
Wing 
Plate

Acoustic Attachment

4 Stacked
Dual 

Sweep
Flow Injection

Morph Chart

❑ “In most cases, an 

effective 

development team 

will generate 

hundreds of 

concepts, of which 5 

to 20 will merit 

serious 

consideration…” 

(Ulrich and 

Eppinger, 2016)



Concept Generation & Selection

❑ Generated 

70+ concepts 

using the 

Morph Chart.

❑ Wide range of 

designs.



Concept Generation & Selection

A. SkyCandy B. Penguin C. Front & Back Wing 

D. MidWing E. Three Flying Wings F. Ground Effect

Top Concept Categories

G. Biplane



Concept Generation & Selection

❑Criteria from specs

❑Weighted crucial criteria

❑Values are based off inspection



Concept Generation & Selection

Sky Candy

• More Durable

• More Stable flight

Bi-Plane

• Traditionally successful design

• High Lifting Area



1/2 Scale Prototyping

SkyCandy Biplane

VS.

Max Cargo: 0.5 lbs. Max Cargo: 1.5 lbs.
Theoretical Full Scale Cargo: 4 lbs. Theoretical Full Scale Cargo: 12 lbs.

❑ Take off failures

❑ Stable flight
❑ Repeatable flights

❑ Less Stable in flight



Prototyping and Analysis

❑ Selig S1223 Airfoil

oDesigned for high lift, low Reynolds number

❑ Derivation of chord to lift/drag relationship

oData collection using ANSYS

X

https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%20Re%5C%2C%3D%5C%2C%5Cfrac%7B%5Crho%5C%2Cu%5C%2Cx%7D%7B%5Cmu%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=C%20%3D%20%5Cfrac%7BF%7D%7B%5Crho%5C%2Cu%5E2%5C%2C%5Cfrac%7Bx%7D%7B2%7D%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=C%5C%2C%3D%5C%2C%20f(Re)#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%20F%5C%2C%3D%5C%2Cf%5Cleft(%5Cfrac%7B%5Crho%5C%2Cu%5C%2Cx%7D%7B%5Cmu%7D%5Cright)%5C%2C%5Crho%5C%2Cu%5E2%5C%2C%5Cfrac%7Bx%7D%7B2%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=F%5C%2C%3D%5C%2C%5Ctext%7BDrag%20or%20lift%20force%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Crho%5C%2C%3D%5C%2C%5Ctext%7BAir%20density%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=u%5C%2C%3D%5C%2C%5Ctext%7BVelocity%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=x%5C%2C%3D%5C%2C%5Ctext%7BChord%20length%7D#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Cmu%5C%2C%3D%5C%2C%5Ctext%7BDynamic%20viscosity%7D#0


Prototyping and Analysis

❑ Chord vs lift and drag

oAssumed values for and .

oCompared against max. drag and min. lift for 7 ft of wing

oA 0.5 m chord provides enough lift with acceptable drag

Minimum lift

Maximum drag

X = 0.5 m (~20 in)

https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Crho%2C%5C%2Cu%2C#0
https://latex-staging.easygenerator.com/eqneditor/editor.php?latex=%5Cmu#0


Prototyping and Analysis

❑ Wing spacing?

❑ Maximize lift and decrease drag.

❑ Rules of wing spacing:

o Too small = boundary layer interference.

o Too large = loss of efficiency and flight characteristics.

o “…above a gap of about 1.5 the max chord, each wing acts as a single monoplane wing with no inter-wing 
interference.” (Nassise, 1951)

❑ Conducted CFD Analysis over a range of 75% - 125% of chord length.



Prototyping and Analysis

❑ Wing spacing vs. lift and drag
o Assumed:

▪ steady-state
▪ laminar flow

o Boundary conditions: 
▪ inlet velocity = 10.5 m/s, 
▪ zero specified shear on edges 
▪ no slip on airfoils

o Mesh granularity

❑ Results

o The wing spacing of 95% of the chord length exhibited the 
greatest lift force and least drag force.



Prototyping and Analysis

❑ Landing Gear

oMitigate damage through deflection

oLightweight



Prototyping and Analysis

Find
• Locations of latex tubing

• Static loading on connections Found
• Maximize distance

• 2 strands ~30lbs at max deflection



Prototyping and Analysis

❑ Wheel Connection

oLanding impact

oBand resistance

Geometry Envelope Topology Optimization Final Geometry



Final Design

1. Design

2. Isolate Desired 
Components

3. Laser Cut & 
Assemble



Final Design

Characteristics

❑ 48" wingspan

❑ 53" length

❑ ~20" chord length

❑ Emergency kill plug

Challenges

❑ Maximizing thrust

❑ Center of Gravity placement

❑ Ground handling



Flight Results

❑ Flight 1

o 3 lbs. Payload

o Short Takeoff/Landing

oMaintained heading

o 2 circuits

oTail heavy

❑ Flight 2

oCrashed on takeoff

❑ Flight 3

oN/A



Flight Score

❑ 2022 Competition Results

o 31 participants

❑ Our Score

o 21 Points

o 11th Place if we had 
participated



Specifications Met

❑ Most specifications were met

oGreen = Specification met

oYellow = Specification almost met

oRed = Specification not met



Flight Highlights



Questions?


