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Configuration| Helicopter Dual Fan Pendulum Conventional Canard
Parameter | Weight] Score Weighted Score Weighted Score Weighted Score Weighted Score Weighted
Score Score Score Score Score
Static
. ) 30% 3 7 2.1 6 1.8 5 1.5 5 1.5
Lift/Weight °
Stability 20% 1.8 0.2 2 7 1.4 5 1
Feasibility 20% 0.4 0.6 6 1.2 2 7 1.4
Design
es.g 10% 0.1 0.2 5 0.5 7 0.7 5 0.5
Experience
Time to Build| 10% 0.2 0.3 0.9 0.9 0.8
Control 5% 7 0.35 0.05 0.45 7 0.35 0.2
Cost 5% 0.15 0.15 7 0.35 6 0.3 6 0.3
Total] - | 6 - 3.6 - - - 5.7
) J K 4 ! < ! * * 4
* *



Configuration: Conventional T-Tail V-Tail Ducted-Fan

Parameter Parar_neter Score Weighted Score Weighted Score Weighted Score Weighted
Weight Score Score Score Score
Weight %1G %;%1 1 %1
Stability %1G
Feasibility %9G
Slow Speed HOG
Control
Time to
. 9G
Build







LAWY far a Constant Tip Deflection Angle

} + 20%
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oectional Lift

Estimate

1.4 .
} - 20%

1.2F .
— & Degree Tip Angle
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Significant changes
to wing parameters
in forward flight
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Low

Low Medium High %9
Consequence
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Electric (DC

Motor:| Glow 4-Stroke Glow 2-Stroke Gas Burning
Brushless)
Parameter Parar_neter Score Weighted Score Weighted Score Weighted Score Weighted
Weight Score Score Score Score
Expertise 5% e o0.40 9 0.45 6 0.30 7 0.35
Mass 25% 6 1.50 6 1.50 5 1.25 2.00
Fuel o
Mass/Displacement 5% 6 0.30 6 0.30 5 0.25 0.40
Size of entire 5% 6 0.30 7 0.35 0.15 0.45
motor
RPM range 10% 5 0.50 5 0.50 0.40 0.80
RPM consistency 15% 6 0.90 5 0.75 0.60 1.50
Power 15% 1.20 1.20 7 1.05 6 0.90
T°rq”§PaNt| 3000 15% 0.60 0.60 5 0.75 1.20
Price 5% 6 0.30 0.40 5 0.25 0.40
Total: - 6.00 - 6.05 - 5.00 -

%2



Himax HC3516- AXI 2520712
Motor: Python 200
1130 outrunner Y
Parameter Parameter Weighted Score Weighted Score Weighted

Weight Score Score Score

Mass 30% 2.40 6 1.80 |0 3.00
Power 25% 250 [8  2.00 7 1.75
Torquspi,tl 3000 25% 2.00 6 1.50 5 1.25
Price 10% 0.80 0.60 7 0.70

RPM consistency 10% 0.80 0.80 6 0.60
Total: - 6.70 - 7.30
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Potential Problem Solution to Problem
Motor specifications (power) More powerful motor
Motor specifications (mass) Rolling takeoff

Power source Batteries
Motor Control Gearing
















Aluminum 7075

Carbon Fiber

Kevlar 49

Carbon-Balsa

Material:
Parameter Parar_neter
Weight
Weight 30%
Stiffness 30%
Cost 15%
Constryctlon 259%
Experience
Total:

Score Weighted Score Weighted Score Weighted
Score Score Score
0.60 6 1.80 6 1.80
1.20 6 1.80 6 1.80
1.20 6 0.90
5.00 - 5.80 - 5.50

Weighted
Score

1.80
1.50

0.50
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hax Deflection [deg]

Torsional Angular Deflection Comparison, 400mm
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= Carbon-Epoxy (SOMsi)
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bass Comparison, 400mm

Alurinunm
= Carbon-Epoxy (33Msi)
= Carbon-Epoxy (S0Mksi)
Kewlar Fikber
= Sandwich

|:| 1 1 | 1 1 I
0.5 1 1.5 2 25 3 35 4

Elade thickness [mm]







Cross Section: Circle Triangle

Parameter Weighted Weighted Weighted Weighted
. Score Score
Weight Score Score Score Score

25% 2.00 1.50 0.50

Parameter

Torsional
Stiffness
Bending
Stiffness

Difficulty of
Integration
Difficulty of
Construction

25% . 2.00 1.50 1.00

35%

15%
Total:

-%



Component

Mass (kg)

Structural:

Wing (1.7m span)

Fuselage (carbon tube)

Vertical Stabilizer

Horizontal Stabilizer

Landing Gear/Skids

Bearings (6)

Mounting Hardwear

Glue

Power/Electronics:

Motor 0.2
Motor Batteries 0.3
Speed Controler 0.09
Reciever 0.01
Reciever Batteries 0.05
Servos (2) 0.002
Total: 3.762
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Complex wing
structure

Budgetary
constraints
Materials cause
cost overruns

Material failure

High

Consequence




Potential Problem

Solutions to Problem

L/W<<1

Design offramp: rolling takeoff

Fabrication errors

Safety Factor mitigates problem

Complex wing structure

Careful design and fabrication
planning

Budgetary constraints

Use less expensive materials,
careful manufacturing

Material failure

Use higher performance
material, add structural
supports

Complex wing-body interface

Limit configurations to more
simplistic, traditional designs

Complex body structure

Choose simpler design, utilize
FEM for analysis













Fabrication techniques: Machining Wet Layup Pre-preg Molding
Parameter Weight Weight Score Weight Score Weight Score Weight
Score Score Score Score
Dificulty 25% 1.25 6 1.50 3 0.75

Complexity of

part that can be 35% 2.80 6

2.10

made
Cost 15%
Constrgctlon 2504
Experience
Total:

1%






Complex
fabrication
techniques

Fabricated part
does not meet
tolerances

Unable to
fabricate part

Low

Medium
Consequence

High




Potential Problem

Solutions to Problem

Materials not available at
time of fabrication

Purchase more material
than is needed ahead of
time, try to buy in bulk

Fabricated composite parts
vary in quality

Follow proven manufacturing

techniques, practice makes
perfect

Complex fabrication
techniques

Allow time for setbacks

Fabricated part does not
meet tolerances

Have backup parts, double
check drawings

Unable to fabricate part

Outsource where necessary
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Potential Problem |Solution to Problem

Labview fails to

record data correctly Take additional data

Incorrectly wired Triple check wiring

Sensors
Schedule Pad schedule
Load cells fail Buy more load cells

Check against CFD

Inaccurate data
results













Inadequate
Safety Factor

Fan blades
fail during
wing tests

Medium
Consequence

Low High

23



Solutions to
Problem
Choose different

material

Problem

Fan blade failure

Inadequate Safety

Factor Higher safety factor

Test in ventilated
area

Hazardous Fumes

27












Miscommunication
Between Subteams

Medium

Low

Not Completing Tasks

According to
Schedule

Medium

High

Consequence
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Material costs
higher then
expected

Medium
Consequence
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Potential Problem

Solution to Problem

High material costs

Use less expensive
materials

UROP Denial

Use less expensive
materials

Additional Parts
Required

Budget Re-evaluation

37






Glow - 4-stroke

Glow 2-stroke

Gas burning

Electric (DC brushless

Mass (g) 400-2000 200-1500 2000-3000 100-300
Size of entire motor (cc) 150-1000 100-1000 400-2500 25-200

RPM range 2000-16000 2000-18000 5000-9500 1000-50000
Power (W) 200-1500 200-1200 400-3000 200-500
Torque (Nm) at 3000 RPM ].64-4.74 .64-3.79 1.28-9.48 .64-1.58
Price ($) 150-800 60-400 200-700 70-200

79
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: 4 ! L/.99 G+ Voltages
4 L/.9; 1G + *44 <7? 9;1? 37
Voltages *4*<¢? 91?2 2
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SABlades t

M SABlades t

2 carbon carbon 2 BladeBalsa balsa 'BSA\NingBoxtplywood plywood

S'A\NingBoxtWingBals;a balsa Etcarbon carbon kg
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Max Tip Displacement [mm]

Aerodynamic Tip Displacement Comparison, 400mm
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Centripetal Displ

acement Comparison, 400mm
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Anguiar-Dispiacement [deg]

Torsional Wing Loading, 400mm
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