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Project Objective
� The objective of this project is to 

design and manufacture a 3D 
printed remote control airplane 
within the rules of the SAE Aero 
Design Competition

� It will be able to take off, 
complete the needed flight path, 
and land while carrying the 
required cargo
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Project Brief Summary

� Competing in the Regular Class SAE 
Aero Design Competition 

� Plane is being built through additive 
manufacturing

� Team 508 is overseeing the geometric 
design of the plane
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Project Brief Summary

Fly 400 ft

Turn back towards 
runway

Travel 400 ft past runway 
then turn back

Align with runway 
then land
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Joseph Figari

Targets & Metrics

● The SAE Competition Rulebook was used as a minimum 
guide in creating the targets and metrics

● Suggestions from Dr. McConomy were also used
● Our main goal is to design the most innovative plane at the 

competition
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Joseph Figari

Critical Targets

● Plane weighs less than 55 pounds
○ Ue lighter printer filament
○ Reduce amount of wiring in the 

plane
○ Reduce amount of screws and 

fasteners used on the plane
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Joseph Figari

Critical Targets

● The wingspan can not be greater 
than 120 inches

○ Limited chord length
○ Aiming for 80 inch 

wingspan

120 in
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Joseph Figari

Critical Targets

● The printing error will be ± 0.02 
inches
○ Printing error can be measured 

using calibration cube
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Joseph Figari

Critical Targets
● Landing gear can absorb a force of at least 22.8 lbf

○ Landing speed must be 1.3x the stall speed
○ Landing approach angle must be 15°
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Concept Generation

Traditional Tail T-Tail Wingless Tail
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Concept Generation

Traditional Tail T-Tail Wingless Tail
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Concept Generation

Traditional Tail T-Tail Wingless Tail
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Concept Generation

Pulling Propeller Pushing Propeller
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Concept Generation

Rectangular TaperedElliptical
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Concept Generation

Rectangular TaperedElliptical



Department of Mechanical Engineering 19

Concept Generation

Rectangular TaperedElliptical
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Concept Generation
Swept Back Delta
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Concept Generation
Swept Back Delta
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Concept Generation

Flying Boat Subsonic Boom
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Concept Generation

Flying Boat Subsonic Boom
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Concept Generation

Flying Boat Subsonic Boom
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Concept Generation

● Ailerons
○ Controls rotation about roll axis
○ Trailing edge of each wing
○ Typically 15-25% of total wing area
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Concept Generation

● Flaps
○ Adjusts lift produced by wings
○ Reduces stall speed
○ Trailing edge of each wing
○ Typically 40% of total wingspan
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Concept Generation

● Grantz Winglets
○ Reduces vortices produced by wings
○ Reduces overall drag of aircraft
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Concept Generation

Tail Dragger
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Concept Generation

Tricycle
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Concept Generation
Front Loaded
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Concept Generation

Top Loaded

Front Loaded
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Concept Generation

Top Loaded

Front Loaded Back Loaded 
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Material Testing
� Two possible printing filaments were chosen

� PLA (Polylactic Acid)
○ Prints accurately
○ Easy to get
○ Heavy in regards to building aircraft

● LW-PLA (Light Weight Polylactic Acid)
○ Foaming action makes reduces density 

and weight
○ Harder to buy
○ Warping more likely than with normal PLA
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Material Testing
● Two main stresses the plane must endure

○ Flexural stress
○ Torsional stress

● Stresses measured in two ways
○ Three point bending test
○ Tinius-Olsen torsion testing machine

● Specimens of each material needed to be 
tested to compare their stress behavior
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Three Point Bending Test

● ASTM D790 is the standard testing procedure

● Requires a ⅛” x ½” x 5” specimen

● Two specimens of each material were used

○ One printed “vertically” and one “horizontally”

○ Same print settings used for all samples

○ Printing direction is crucial when applying stress
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Three Point Bending Test

Printing
Direction

Printing
Direction

ForceForce
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Three Point Bending Test

Force

4”
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Three Point Bending Test

● Force is applied until failure occurs
○ Fracture
○ Enough plastic deformation for specimen to slip from blocks

● Fracture stress is calculated with the formula:
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Three Point Bending Test
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Joseph Figari

Concept Selection

● House of quality chart shows the planes weight is the most 
important factor to our team

● Came up with 8 concepts for our final design
○ Collaborated with team 507 to come up with concepts
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Joseph Figari

Concept Selection
● Concept 1 is our groups first high fidelity concept

○ Includes ailerons and flaps
○ Uses flying boat fuselage 
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Joseph Figari

Concept Selection
● Concept 3 was the last high fidelity concept

○ Includes flaps and ailerons
○ Uses flying boat fuselage 
○ Uses canards 
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Joseph Figari

Concept Selection
● Concept 6 was our third medium fidelity concept 

○ Includes flaps and ailerons 
○ Uses subsonic fuselage 
○ Uses canards 



Department of Mechanical Engineering 44

Joseph Figari

Concept Selection

● Group decides concept 3 
is the design to go forward 
with

● Concept 3 meets most of 
the criteria we deem 
important 
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Future Work
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Key Takeaways
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Backup Slides
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Functional Decomposition
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Concept Selection

50



Department of Mechanical Engineering 51

Pairwise Chart

Pairwise Chart: Concepts 3 and 12 were chosen as most important
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Pugh Chart 1

Pugh Chart 1: Concept 2 was chosen as new datum
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Pugh Chart 2: Concept 3 chosen as final design

Pugh Chart 2
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House of Quality
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AHP Criteria Weights & Consistency
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Lift Matrix

Thrust Matrix
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Control Matrix

Weight Matrix
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Joint Strength Matrix

Final Rating Matrix 
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