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Project Management
Grant Bovee

Project Manager
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Management – Overview

• Project Summary
• Project Flow Diagram
• Organizational Flow Chart
• Schedule
• Conclusions
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Management – Project Summary
• Design an airframe that utilizes a 

current FanWing design to achieve 
zero-distance takeoff

• Success is defined as L/W>1



5

Management – Project Flow Chart
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Management – Personnel 
Organization Chart
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Failure Tree
Top Level Failure:  

Plane Does Not Fly

OR

Aerodynamic 
Failure

Structural 
Failure

Power 
Failure

Insufficient 
Lift Generated

Pitching moment 
does not allow 

stable lift

Control surfaces 
ineffective at 
takeoff speed

AND

AND Airframe too 
Heavy

Wing 
Structure too 

Heavy

Insufficient 
Power

OR



8

Financial Overview

Tahir Bisic
CFO
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Financial Overview

• Budget
• Additional Funding
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Budget
Item Quantity Price Per Unit Total

Power
Motor 1 $300.00 300.00$         

Batteries 1 $150.00 150.00$         
Motor Control 1 $120.00 120.00$         

570.00$         
Structures
Caron fiber 15 m2 $80/m2 1,200.00$      

Balsa 8 m2 $30/m2 240.00$         
Carbon Fiber Tubing N/A N/A 500.00$         

Hardware/Glue N/A N/A 200.00$         
Bearing 10 $10 100.00$         

2,240.00$      
Test Stand

Aluminum Tubing N/A $8.3/m 50.00$           
Wood N/A $27/m2 100.00$         

Fasteners N/A N/A 50.00$           
200.00$         

Landing Gear 1 $50 50.00$           
50.00$           

Sensors 4 $225 900.00$         
900.00$         

Total 3,960.00$      
Total + 20% 4,800.00$ 
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Additional Funding

• Project can be completed with $4000
• UROP proposal for additional funding 

will be submitted before October 7th

• Application is in process
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Aerodynamics

Tom Claiborne
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Aerodynamics – Overview

• WBS
• Configuration
• Wing Characteristics
• Verification
• Risk Assessment
• Risk Mitigation
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Pre-Testing Post-Testing

Configuration L/W 
Constraints

Static 
Lateral 

Stability

Risk Assessment 
and Mitigation Verification Test Data 

Integration

Aerodynamics 
Lead

Final 
Sizing

Wing 
Assembly

Stability

Preliminary 
Flight 

Budget 
Constraints

Static 
Longitudinal 

Stability, 
Forward 

Flight

Final 
Configuration

Static 
Longitudinal 

Stability, 
Zero Velocity

Decision 
Matrix

CG 
location

Empennage 
Sizing

Control

Flight Test

`

Aerodynamics – WBS
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Aerodynamics – Overall 
Configuration 

•Pendulum design offers greater potential stability, but unproven
•Possible merge of pendulum and conventional designs

Parameter Weight Score Weighted 
Score Score Weighted 

Score Score Weighted 
Score Score Weighted 

Score Score Weighted 
Score

Static 

Lift/Weight
30% 10 3 7 2.1 6 1.8 5 1.5 5 1.5

Stability 20% 9 1.8 1 0.2 10 2 7 1.4 5 1

Feasibility 20% 2 0.4 3 0.6 6 1.2 10 2 7 1.4

Design 

Experience
10% 1 0.1 2 0.2 5 0.5 7 0.7 5 0.5

Time to Build 10% 2 0.2 3 0.3 9 0.9 9 0.9 8 0.8

Control 5% 7 0.35 1 0.05 9 0.45 7 0.35 4 0.2

Cost 5% 3 0.15 3 0.15 7 0.35 6 0.3 6 0.3

- 6 - 3.6 - 7.2 - 7.15 - 5.7Total:

Configuration: Helicopter Dual Fan Pendulum Conventional Canard

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
QuickTime™ and a

TIFF (Uncompressed) decompressor
are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.
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Aerodynamics – Empennage 
Configuration

• T-Tail design eliminates impeller wash interference
• Conventional design makes use of wash

Parameter
Parame

ter 
Weight

Score Weighte
d Score

Score Weighted 
Score

Score Weighte
d Score

Score Weighte
d Score

Weight 25% 8 2 7 1.75 9 2.25 5 1.25

Stability 25% 6 1.5 7 1.75 5 1.25 3 0.75

Feasibility 20% 8 1.6 8 1.6 6 1.2 3 0.6

Slow 

Speed 

Control

20% 6 1.2 7 1.4 5 1 9 1.8

Time to 

Build
10% 9 0.9 9 0.9 7 0.7 3 0.3

- 7.2 - 7.4 - 6.4 - 4.7

Ducted-Fan

Total:

Configuration Convention T-Tail V-Tail

Parameter
Parameter 

Weight
Score

Weighted 
Score

Score
Weighted 

Score
Score

Weighted 
Score

Score
Weighted 

Score
Weight 25% 8 2 7 1.75 9 2.25 5 1.25

Stability 25% 7 1.75 7 1.75 5 1.25 3 0.75

Feasibility 20% 8 1.6 8 1.6 6 1.2 3 0.6

Slow Speed 

Control
20% 6 1.2 7 1.4 5 1 9 1.8

Time to 

Build
10% 9 0.9 9 0.9 7 0.7 3 0.3

- 7.45 - 7.4 - 6.4 - 4.7

Ducted-Fan

Total:

Configuration: Conventional T-Tail V-Tail
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Aerodynamics – Two Chosen 
Configurations

Conventional Configuration Pendulum Configuration
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Aerodynamic – Wing 
Characteristics, Continued
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• Wing Characteristics
– Wing testing to determine actual 

performance characteristics

• Final Configuration
– Constrained, Tethered Flight

• Demonstrate zero-distance takeoff

– Un-tethered Flight
• Demonstrate controllability

Aerodynamics – Verification
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Aerodynamics – Risk 
Assessment

Low Medium High

H
ig
h

L
o
w

Consequence

Significant changes 

to wing parameters 

in forward flight Test phase over 

schedule

L/W < 1
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Aerodynamics – Risk Mitigation

Potential Problem Solution to Problem
Test phase over schedule Pad schedule

L/W < 1 Design off-ramp for rolling 
takeoff

Significant changes to wing 
parameters in forward flight

Take into account during 
stablility and control design, 

implement a trim system
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Power

Tahir Bisic
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Power – Overview

• WBS
• Design-to Specifications
• Motor selection trade studies
• Specification verification
• Risk Assessment
• Risk Management
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Power – WBS

Aircraft Test Stand Control

Motor 
Selection

Motor 
Control

Interface 
Design

Motor 
Selection

Radio

Receiver

Servos

Power

Motor 
Control

Interface 
Design

Power 
Source

Power 
Source
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Power – Motor Design-to 
Specifications

• 20 grams/Watt @ 5kg � 250 W
• 0.5 Nm of torque for 400 mm wingspan
• RPM range (1000 – 4500)
• Lightweight
• RPM consistency
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Power – Motor Type Trade Study

Parameter Parameter 
Weight Score Weighted 

Score Score Weighted 
Score Score Weighted 

Score Score Weighted 
Score

Expertise 5% 8 0.40 9 0.45 6 0.30 7 0.35

Mass 25% 6 1.50 6 1.50 5 1.25 8 2.00

Fuel 

Mass/Displacement
5% 6 0.30 6 0.30 5 0.25 8 0.40

Size of entire 

motor
5% 6 0.30 7 0.35 3 0.15 9 0.45

RPM range 10% 5 0.50 5 0.50 4 0.40 8 0.80

RPM consistency 15% 6 0.90 5 0.75 4 0.60 10 1.50

Power 15% 8 1.20 8 1.20 7 1.05 6 0.90

Torque at 3000 

RPM
15% 4 0.60 4 0.60 5 0.75 8 1.20

Price 5% 6 0.30 8 0.40 5 0.25 8 0.40

– 6.00 – 6.05 – 5.00 – 8.00Total:

Electric (DC 
Brushless)

Motor: Glow 4-Stroke Glow 2-Stroke Gas Burning
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Power – Motor Trade Study

Parameter Parameter 
Weight Score Weighted 

Score Score Weighted 
Score Score Weighted 

Score
Mass 30% 8 2.40 6 1.80 10 3.00

Power 25% 10 2.50 8 2.00 7 1.75

Torque at 3000 

RPM
25% 8 2.00 6 1.50 5 1.25

Price 10% 8 0.80 6 0.60 7 0.70

RPM consistency 10% 8 0.80 8 0.80 6 0.60

– 8.50 – 6.70 – 7.30Total:

Motor:
Himax HC3516-

1130
AXI 2520/12 

outrunner
Python 200
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Power – Source and Motor Control

• For test stand use ITLL power source 
capable of 28 Amps

• Use motor control suggested by 
manufacturer for RPM, voltage, and 
current control
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Motor Specification Verification

• Produce torque curves using torque 
sensors

• Measure current and voltage and 
calculate power output



30

Power – Risk Assessment

Low Mid High

Lo
w

Consequence

Motor does not 
provide enough 
power and/or 

torque

Power supply does 
not provide 

enough current
Motor overweight

Motor cannot 
sweep the desired 

RPM range
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Power – Risk Management

Potential Problem Solution to Problem
Motor specifications (power) More powerful motor

Motor specifications (mass) Rolling takeoff

Power source Batteries
Motor Control Gearing
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Structures

Chris Kelley
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Structures – Overview

• Materials
• Models
• Design-to Specifications
• Testing
• Risk Assessment
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Structures – WBS

Body Test Stand

Fuselage

Wing

Structures

Motor 
Mount

Body 
Interface

Sensor 
Interface

Landing 
Gear

Empennage

Wing 
Interface

Wing Box

Casing

Blades
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Structures – Blades
Design-to Specifications

• Test stand wingspan of 400mm
• Ensure deflection is within safety factor
• Design must have safety factor of 1.5

– All models run at 4500 RPM
– Lift tests will be conducted between 1000 

and 3000 RPM
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Structures – Blades
Materials Trade Study

Parameter Parameter 
Weight Score Weighted 

Score Score Weighted 
Score Score Weighted 

Score Score Weighted 
Score

Weight 30% 2 0.60 6 1.80 6 1.80 8 2.40

Stiffness 30% 4 1.20 6 1.80 6 1.80 6 1.80

Cost 15% 8 1.20 8 1.20 6 0.90 10 1.50

Construction 

Experience
25% 8 2.00 4 1.00 4 1.00 2 0.50

– 5.00 – 5.80 – 5.50 – 6.20

Carbon-Balsa 

Total:

Material: Aluminum 7075 Carbon Fiber Kevlar 49
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Structures – Blades
Models

• Simple beam model
• Main forces causing displacement:

– Aerodynamic loading
• Torsion

– Centripetal force
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Structures – Blades
Models

• Aerodynamic Loading
– Worst-case scenario: distributed load on a 

flat, cantilevered beam

• Centripetal Loading
– Shown to be insignificant for the test stand 

design (<0.2mm)
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Structures – Blades
Models
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Structures – Blades
Models
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Structures – Wing Box
Design-to Specifications

• Test stand wingspan of 400mm
• Withstand aerodynamic 4500 RPM with 

minimal deformation (<0.1˚)
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Structures – Wing Box 
Configuration Trade Study

Parameter Parameter 
Weight Score Weighted 

Score Score Weighted 
Score Score Weighted 

Score Score Weighted 
Score

Torsional 

Stiffness
25% 10 2.50 8 2.00 6 1.50 2 0.50

Bending 

Stiffness
25% 8 2.00 8 2.00 6 1.50 4 1.00

Difficulty of 

Integration
35% 5 1.75 4 1.40 10 3.50 1 0.35

Difficulty of 

Construction
15% 6 0.90 6 0.90 5 0.75 1 0.15

– 7.15 – 6.30 – 7.25 – 2.00

Triangle

Total:

Cross Section: L-Beam T-Beam Circle

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

QuickTime™ and a
TIFF (Uncompressed) decompressor

are needed to see this picture.

Configurations for future airframe design



43

Preliminary Mass Budget
Component Mass (kg)

Wing (1.7m span) 2.13

Fuselage (carbon tube) 0.3

Vertical Stabilizer 0.1

Horizontal Stabilizer 0.2

Landing Gear/Skids 0.2

Bearings (6) 0.08

Mounting Hardwear 0.05

Glue 0.05

Motor 0.2

Motor Batteries 0.3

Speed Controler 0.09

Reciever 0.01

Reciever Batteries 0.05

Servos (2) 0.002

3.762Total:

Power/Electronics:

Structural: •Estimated lifting capacity ~ 3.8 kg

•Based on 1.7 meter span

•Battery weight highly variable

•Dependent on flight duration

•Flight duration is not a primary 
concern
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Structures – Test Stand
Design
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Structures – Testing

• Objective: L/W>1 while avoiding 
material failure

• Individual components and materials 
will be tested
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Structures – Testing

• Failure Tests
– Blades will be individually loaded to design before 

assembly
– Wing Box will be loaded to design before 

assembly (approximately 50N distributed load)
– Test-stand model will be run at 1.5 times the 

maximum RPM (4500 RPM)
– If materials do not fail, full lift tests will commence
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Structures – Risk Assessment

Low Medium High

Consequence

Material failure

Unable to meet 

minimum weight 

goals, L/W<<1

Budgetary 

constraints                            

Materials cause 

cost overruns

Complex body 

structure

Complex wing-

body interface

Fabrication 

errors cause 

divergence from 

models

Complex wing 

structure
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Structures – Risk Management
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
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Fabrication and Manufacturing

Levi Smith
Manufacturing Engineer
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Manufacturing - Overview

• Design-to Specifications
• Trade Studies
• Decisions
• Verification
• Risk Assessment
• Risk Management
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Manufacturing – Design-to 
Specifications

• Parts meets tolerances
• Parts are completed on schedule
• Parts are homogenous in quality
• Parts are made out of the specified 

material
• Fabrication checklists are completed for 

each part, technique and material 
dependant
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Manufacturing – Trade 
Studies

Parameter Weight Score
Weight 
Score

Score
Weight 
Score

Score
Weight 
Score

Score
Weight 
Score

Dificulty 25% 8 2.00 5 1.25 6 1.50 3 0.75

Complexity of 

part that can be 

made

35% 3 1.05 8 2.80 8 2.80 6 2.10

Cost 15% 9 1.35 8 1.20 4 0.60 2 0.30

Construction 

Experience
25% 7 1.75 5 1.25 4 1.00 3 0.75

– 6.15 – 6.50 – 5.90 – 3.90

Molding

Total:

Fabrication techniques: Machining Wet Layup Pre-preg
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Manufacturing - Verification

• All significant dimensions of the part will 
be measured and recorded

• Each part will be serial numbered and 
will have a fabrication checklist 
completed

• Discarded parts will be recorded
• Failed parts will be kept for analysis
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Manufacturing - Risk Assessment

Low Medium High

L
o
w

Materials 

unavailable at 

time of 

fabrication

Complex 

fabrication 

techniques

Material difficult 

to work with

Consequence

Unable to 

fabricate part

Fabricated 

composite parts 

vary in quality

Fabricated part 

does not meet 

tolerances
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Manufacturing – Risk Management
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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Data Acquisition

Ryan Mansfield
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Data Acquisition – Overview

• Work Breakdown Schedule
• Design-to Specifications
• Trade Studies
• Decisions
• Verification
• Risk Assessment
• Risk Management
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Data Acquisition – Design-to 
Specifications

• Measure lift and propulsive forces to within  
+/- 0.3% accuracy

• Load cell resolution of 0.45N assuming 
0.1mV instrument resolution

• Measure fan rotation to within +/- 0.5% 
accuracy

• Testing is completed within allotted time 
period
– Done by 10/28/05
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Data Acquisition – Interface Flow 
Diagram

Optical 
Encoder 

Tachometer

A/D 
Converter

FanwingMotor

Buffer 
Module

LabVIEW

Low-pass 
Filter

Rear Lift 
Sensor

Forward Lift 
Sensor

Thrust 
Sensor

Torque

ForceForceForce

Voltage Voltage Voltage

Voltage

Digital Signal

Square Wave

Square Wave

Revolutions
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Data Acquisition – Load Cell Trade 
Study

Specifications Weight Score Weighted Score Score Weighted Score Score Weighted Score
Availability 30% 10 3 2 0.6 2 0.6
Cost 25% 10 2.5 8 2 9 2.25
Accuracy 20% 8 1.6 8 1.6 6 1.2
Resolution 20% 8 1.6 7 1.4 7 1.4
Ease of Use 5% 5 0.25 4 0.2 10 0.5
Total 100% - 8.95 - 5.8 - 5.95

Sensor: Omega LCEB ICS TD732 Omega LC201
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Data Acquisition – Tachometer 
Trade Study

Specifications Weight Score Weighted Score Score Weighted Score
Data Capture 40% 9 3.6 2 0.8
Accuracy 40% 9 3.6 7 2.8
Ease of Use 20% 5 1 10 2
Total 100% - 8.2 - 5.6

Tachometer Handheld Octical Encoder
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Data Acquisition – Risk 
Assessment

Low Medium High
Consequence

Load cells fail

Data taken is 
inaccurate

Testing takes 
longer than 

planned, and 
schedule is not 

met

LabView program 
fails to record data 

correctly

Incorrectly wired 
sensors
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Data Acquisition – Risk 
Management

Potential Problem Solution to Problem

Labview fails to 

record data correctly
Take additional data

Incorrectly wired 

sensors
Triple check wiring

Schedule Pad schedule

Load cells fail Buy more load cells

Inaccurate data
Check against CFD 

results
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Safety Overview

Ryan Mansfield
Safety Engineer
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Safety – Overview

• Facilities and Resources
• Risk Assessment
• Risk Management
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Facilities and Resources

• ITLL electronics testing equipment
– Load Cells
– Optical Encoder
– Buffer Module
– Mobile Lab Station

• Aerospace and/or ITLL machine shop
• Testing room
• Arvada Associated Modelers R/C if deemed 

necessary
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Safety – Risk Assessment

Low Medium High

Fan blades 

fail during 

wing tests

Consequence

Fan blade 

failure during 

intial strength 

tests

Inadequate 

Safety Factor

Gas engines 

produce 

hazardous 

fumes
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Safety – Risk Management

Problem
Solutions to 

Problem

Fan blade failure
Choose different 

material

Inadequate Safety 

Factor
Higher safety factor

Hazardous Fumes
Test in ventilated 

area
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Questions?
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Supporting Information
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Project Management

Grant Bovee



72

Risk Assessment

Low Medium High

M
e
d
iu
m

L
o
w

Team Dynamics

Consequence

Not Completing Tasks 

According to 

Schedule

Over Budget
Miscommunication 

Between Subteams
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Risk Management

Systems Engineer and PM stay up to dateMiscommunication

Reinforcement of Due dates and Grace PeriodOff Task

Project Mediator SkillsTeam Dynamics

Alternate Material SelectionsOver budget

Solutions to ProblemPotential 
Problem
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Management – WBS

Project 
Management

Systems 
Engineering

Safety 
Engineer

Manufacturing 
Engineer

Chief 
Financial 
Officer

Aerodynamics PowerStructuresFabricationData 
Acquisition

Schedule

Management 
and Plans

Team 
Dynamics

Organization

Subsystem 
Organization

Systems 
Integration

Design 
Specifications

Review 
Design 

Specification
s

Procedures

Tolerances

Overall 
Safety

Machine 
Shop 

Eductation

Fabrication 
Techniques 
and Training

Drawing 
Interpretation

Machine 
Shop 

Procedures

Machining

Additional 
Funding

Budget

Financial 
Decisions

Financial 
Records

Parts 
Ordering

Test Stand 
Interfaces

Measuring 
Equipment

LabVIEW 
Program

Verification

Final Aircraft 
Sizing

Fan Changes, 
Implementation 

integration

L/W 
Constraints

Stability

Test Data 
Interpretation

Data 
Interpolation

Wing Impeller

Fabrication

Test Stand 
Design

Drawings

Misc 
Electronic 
Equipment

Fuselage

Wing/Body 
Interface

Wing Casing

Motor/ 
Controls

Interface 
Designs 

Motor 
Selection

Motor 
Interface

Empennage

STOW
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Schedule
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Financial Information

Tahir Bisic
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Budget Risk Assessment

Low Medium High

L
o
w UROP proposal 

denial

Consequence

Additional 

parts required 

Material costs 

higher then 

expected



78

Budget Risk Management

Potential Problem Solution to Problem

High material costs
Use less expensive 

materials

UROP Denial
Use less expensive 

materials

Additional Parts 

Required
Budget Re-evaluation



79

Power

Tahir Bisic
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Category  Specs

Motor: 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
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Data Acquisition

Ryan Mansfield
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Data Acquisition – WBS

Testing Data 
Interpretation

LabVIEW

Torque

Propulsive 
Forces

Lifting Forces

Data 
Acquisition

Test Stand 
Sensor 

Integration

Signal 
Conditioning

Sensor 
Programming

Programming

Optical 
Encoder

Filter

A/D 
Converter

Lab Station

Test Stand Buffer 
Module

SCXI 1122 or 
1141 Filter

Noise 
Reduction
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Data Acquisition – Decisions
• LCEB Load Cells

– Two 113 N cells for lift
– One 45 N cell for propulsive force
– High Accuracy
– NIST calibrated
– Small Size
– SCXI 1141 or 1122 filtering of high frequency vibrations and 

noise
• HEDS 5505 Optical Encoder

– 500 counts per revolution
– Requires buffer module for signal conditioning
– Bolted directly onto motor shaft
– Requires calibration
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Data Acquisition – LCEB Load 
Cells

• Excitation: 10VDC (15VDC Max)
• Output: 3mV/V
• Linearity: +/- 0.03% FSO
• Hysteresis: +/- 0.02% FSO
• Repeatability: +/- 0.01% FSO
• Creep (after 20 minutes): +/- 0.15% FSO
• NIST calibrated for tension
• 5ft shielded wire
• Very Small (2”x1”x1/2”)
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Data Acquisition – HEDS-5505 
Optical Encoder

• 500 counts per 
revolution

• High accuracy
• Needs to be 

calibrated
• Bolted directly onto 

motor shaft
• Needs buffer 

module
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Data Acquisition – Sensor 
Specifications

3mV/VOutput

10VDC (15VDC Max)Excitation

-0.5 V to VccOutput, VoVoltages

-0.5 V to 7 VSupply, Vcc+/- 0.15% FSOCreep

Voltages+/- 0.01% FSORepeatability

20g 5 - 1000 HzVibrations+/- 0.02% FSOHysteresis

250,000 rad/s2Max acceleration+/- 0.03% FSONon-linearity

30,000 RPMMax velocityAccuracy

ValueSpecificationValueSpecification

HEDS-5505Omega LCEB
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Aerodynamics

Tom Claiborne
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Aerodynamics – WBS
Completed Initials

Pre-Testing
Configuration X TJC, ACB, GRB

Decision Matrix X TJC, ACB, GRB
L/W Constraints X TJC, ACB

Preliminary Weight Budget Constraints X TJC, ACB
Stability

Static Lateral Stability, Forward Flight
Gyroscopic Effects

Risk Assessment and Mitigation X TJC
Post-Testing

Test Data Integration
Final Sizing

Wing Assembly
Final Configuration

Stability
Static Longitudinal Stability, Zero Velocity

CG Location
Static Longitudinal Stability, Forward Flight

Empennage Sizing
Trim

Control
Verification

Flight Test

Aero Group Work Break Down Structure
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Aerodynamics – Wing 
Characteristics

L/W
Excess Lift 

Capacity (kg) 
for L/W ³ 1.1

Span (m) Mass (kg) L/S (Pa)

-20% 1.298 0.401 1.397 2.226 62.230
Initial Estimate 1.726 1.267 1.511 2.226 82.753

20% 2.196 2.217 1.778 2.226 105.262
-20% 1.313 0.461 1.397 2.380 62.230

Initial Estimate 1.746 1.398 1.511 2.380 82.753
20% 2.221 2.426 1.778 2.380 105.262
-20% 1.336 0.591 1.397 2.751 62.230

Initial Estimate 2.221 1.694 1.511 2.751 82.753
20% 2.261 2.903 1.778 2.751 105.262

Wing Characteristics

5 Degree Blade Tip 
Deflection Angle

10 Degree Blade Tip 
Deflection Angle

15 Degree Blade Tip 
Deflection Angle
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Aerodynamics – L/W Estimation

• Using solid model geometry a formula for the 
growth of the surface area of the blades and 
the wing box is found relative to the span
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Aerodynamics – L/W Estimation

• Mass is proportional to the surface areas and the 
length of a central spar inside the wing box
– Thickness of balsa for blades is dependent on span
– Found that no balsa support is necessary for spar to meet 

deflection requirements
• Spar tip deflection angle < .01°with expected minimum 

thickness of carbon laminate strut
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Aerodynamics – L/W Estimation

• Sectional lift is estimated to be 1/3 lift in 
forward flight based on Mr. Peebles 
experience
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Aerodynamics – L/W Estimation

• MATLAB code 
– Calculate values for a range of wing span from .4m – 6m
– Values calculated for sectional lift 20% above and below 

estimated sectional lift value plus quoted experimental error 
for value of lift in forward flight
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Aerodynamics – Wing Testing, 
Continued

• Measurements
– Static Air

• Lift force
• Thrust
• Impeller induced moment

– Forward Flight Condition
• Lift force
• Thrust
• Impeller induced moment
• Effective of angle of attack
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Aerodynamics – Test Procedure

• Power input
– Spin up fan assembly, measure input current, translate to output torque, and 

calculate power for rpm range in 100 rpm increments
• Lift force and moment

– Sweep rpm range in 100 rpm increments to find maximum lift
– At desired lift points use information from the two vertical force sensors to 

calculate moment about desired location
– Same for static and forward tests

• Thrust
– Static case

• Sweep rpm range in 100 rpm increments and measure produced thrust
– Forward case

• Install dummy rod in place of wing and measure drag force on measurement struts 
• Install wing and perform measurements
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Structures

Chris Kelley
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Structures – Models
Blade Simplification

Displacementmax =
FL4

8EI

I =
(width)(thickness)3

3

• Simple beam equations for 
aerodynamic loading
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Structures – Models
Blade Simplification

• Use spring equivalency for torsional 
displacement

Displacementmax =
FL4

8EI
Fspring = kx = krθ = kLθ

kblade =
8EI
L4

krotor =16kblade =
128EI
L4

F =
128EIθ

L3

θ =
45L3

32πEI
[deg]
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Structures – Blades
Models
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Structures – Blades
Models
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Structures – Models
Wing Box

• Open-Thin-Wall Equations

φ =
LT
GJα

τ =
T(thickness)

Jα
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Structures – Models
Wing Box

Spar Cross-Sections
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Structures – Wing Box
Models

• Open-Thin-Wall L-beam
– High stiffness
– Easiest to analyze: given as an example 

for expected deformations



104

Structures – Wing Box
Models

Open-Thin-Wall L-Beam
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Structures – Blades
Design Summary

• Carbon-Balsa-Carbon sandwich has the 
best balance of characteristics
– Construction difficulties may preclude this 

choice

• Essential to test failure of blades before 
integration
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Structures – Wing Box
Design Summary

• Deformation is small (less than 0.1˚)
• L-beam allows for light construction 

elsewhere
• Further analysis and trade studies will 

be performed to fully analyze this 
structure
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Structures – Test Stand
Design Summary

• Initial configuration is complete
• Structural analysis will be performed to 

ensure the stand itself does not interfere 
with lift, thrust and moment tests
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Fabrication and Manufacturing

Levi Smith
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Manufacturing – WBS

Drawings Composites Metals Woods Assembly

Solid 
Works

Pre-preg

Molds

Wet Lay-up

CNC

Lathe

Machining

Miter Saw

Band Saw

Table Saw

Carpentry

Schematics

Hardware

Subsystems

Manufacturing 
Engineer
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Manufacturing – Decisions
• Impeller and wing box will be made of wet lay-up 

composites and balsa wood
• Machining thin blades is impractical
• Pre-preg is costly, plus vacuum bags and autoclave are 

required
• Wet lay-up is within skill range and allows construction of 

complex parts
– Impeller blades can be fabricated individually and then 

assembled
– Molds can be incorporated with wet lay-up, increasing 

part reproducibility
– Materials meet structural and weight requirements
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Manufacturing – Decisions

• Test stand will be constructed out of 
wood and aluminum
– Wood is cheap, and meets the strength 

requirement
– Aluminum can be purchased at the 

dimensions needed
– Composites are expensive and time 

consuming
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Manufacturing - Verification

• Fabrication checklist
– Composites

• Material used will be recorded
• Mix time, pour time, and the time that lay-up is 

complete for each batch of epoxy will be 
recorded

• Temperature at time of lay-up and during cure 
will be recorded.

• Dimensions of part recorded and part serial 
numbered
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Manufacturing - Verification
• Fabrication checklist

– Metals
• Material used will be recorded
• Type of machinery used will be recorded
• Dimensions of part recorded and part serial numbered

– Wood
• Wood type used will be recorded
• Type of tools used will be recorded
• Dimensions of part recorded and part serial numbered
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Manufacturing – Risk 
Management

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

• Follow proven manufacturing techniques, practice on 
small samples first (practice makes perfect)

• Choose less complicated fabrication techniques where 
necessary

• Have backup parts, double check drawings, allow time for 
setbacks

• Outsource where necessary
• Test fabricated materials
• All team members fabricating will receive proper training 

first
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Safety
Ryan Mansfield
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Safety – WBS

Structural 
Safety

Electrical 
Safety

Fabrication 
Safety

Test 
Wing Motor Safety

General 
Machinery

Lathes

CNC

Safety 
Engineer

Aircraft 
Fuselage

Aircraft 
Wing

Test 
Stand

Wood Shop

Composites


