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Objectives

ÅDesign, build, and fly competitive aircraft

ÅCarry high-volume payloads

ÅTeach design process to underclassmen 
engineering students

ïVertical integration across all classes

ÅCustomer: Dr. Brian Argrow

3



Background

ÅAIAA hosts annual Design, Build and Fly 
Competition

ÅDesign, build and test an aircraft capable of 
carrying ~7 lb payload

ÅMinimize weight and size

ÅTeam of seniors manages design

ïUnderclassmen involved in project
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Requirements

ÅPayload Weight
ïCarry payload weighing 

approximately 7 lbs

ï5 Payload configurations1

ÅEndurance
ïMust fly at least one lap of 

prescribed course1

ÅAircraft Size
ïAircraft footprint must be 
ǎƳŀƭƭŜǊ ǘƘŀƴ пΩ Ȅ рΩ1

ÅInstrumentation
ïAircraft must record 

airspeed and altitude to 
verify basic performance 
requirements

ÅCOTS Electrical Propulsion
ïMust utilize COTS 

propulsion system for 
safety1

5
500 Feet 500 Feet

Starting Line

360 Degree

Turn

1Competition Requirements from Reference 1



Aerodynamics

Scott Lowery
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Aerodynamics Decision 
Flowdown
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Aircraft Configuration 
Alternatives
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Aircraft Configuration 
Alternatives

Performance 

Variables

Weighting
Conventional Canard Flying Wing Bi Wing Box Wing

Tailless 

Conventional

Score SW Score SW Score SW Score SW Score SW Score SW

Knowledge Base 15% 10.0 1.5 8.0 1.2 7.0 1.1 9.0 1.4 6.0 0.9 8.0 1.2

Drag 40% 5.0 2.0 5.0 2.0 5.0 2.0 9.0 3.6 10.0 4.0 5.0 2.0

Ease of Manufacturing 10% 5.0 0.5 5.0 0.5 10.0 1.0 3.0 0.3 3.0 0.3 8.0 0.8

Natural Stability 10% 10.0 1.0 9.0 0.9 2.0 0.2 10.0 1.0 9.0 0.9 3.0 0.3

Payload Accessibility 25% 6.7 1.7 6.7 1.7 10.0 2.5 3.3 0.8 3.3 0.8 6.7 1.7

100% 6.7 6.3 6.8 7.1 6.9 6.0
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Performance Variable Reasoning

Knowledge Base ïDeviation from Conventional

Drag ïBased on Wing Chord

Ease of Manufacturing ïNumber of Surface Joints

Natural Stability ïAnalytical Factors in Stability

Payload Accessibility ïDesign Ease of Top-Load

Pictures Taken from Reference 2



Tail Configuration 
Alternatives
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Tail Configuration 
Alternatives

Performance 

Variables

Weighting
Conventional T Tail V Tail H Tail No Dedicated Tail

Score SW Score SW Score SW Score SW Score SW

Drag 35% 4.0 1.4 9.0 3.2 7.0 2.5 8.0 2.8 10.0 3.5

Knowledge Base 15% 9.0 1.4 8.0 1.2 4.0 0.6 7.0 1.1 10.0 1.5

Ease of Manufacturing 10% 6.0 0.6 7.0 0.7 9.0 0.9 5.0 0.5 10.0 1.0

Structural Loading 40% 9.0 3.6 7.0 2.8 6.0 2.4 8.0 3.2 10.0 4.0

100% 7.0 7.9 6.4 7.6 10.0
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Performance Variable Reasoning

Drag ïNumber of Exposed Surface Tips

Knowledge Base ïDeviation from No Tail

Ease of Manufacturing ïNumber of Joints

Structural Loading ïAdded Structural Load

Pictures Taken From Reference 2



Wing PlanformShape 
Alternatives
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Wing PlanformShape 
Alternatives

UpperWing

EllipticalςRounded tips unsuitable

Swept ςInadequate Directional Stability

Tapered ςStructurallyWeak

Rectangular ςEasyto Manufacture
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Lower Wing

Swept ςJoinsto Upper Wing

Elliptical & Swept Wing From Reference 3, Tapered & Rectangular Wing From Reference 2 



Sizing Decisions
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Airfoil Lift & Drag Polars
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Airfoils Taken From Reference 3
Analysis Taken From Reference 4



Assumptions for Performance 
Constraint Chart

ÅDensity Altitude: 6000 ft

ÅTakeoff Weight: 15lbs

ÅTakeoff Distance: 70 ft

ÅLoad Factor (n): 2.5 (60° bank angle)

ÅVSTALL = 40 ft/s

ÅVcruise= 70 ft/s

Åe = 0.8 (historical DBF)

ÅLoss in CL,MAXdue to 3D effects: 0.2
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Performance Constraint 
Chart
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Design Point:
32.6 oz/ft2, 0.595 lb/lb



Preliminary Weights

Weight Range

Empty Weight (includes batteries), WE 7.8 - 8.3 lbs

Payload Weight, WPL 6.8 - 7.2 lbs

Total Weight, WT 14.6 - 15.5 lbs
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Mean 1.159

Standard 
Deviation

0.367

Confidence Ñ1.279

alpha 0.05

Lower Limit 1.04

Upper limit 1.279

Payload Weight: Empty Weight Relationship

Taken from Reference 9



Preliminary Wing Sizing

Upper Wing

Wing Area 3.68 ft2

Span 5 ft

Chord 8.83 in

Sweep 0°

Dihedral 0°

Lower Wing

Half-Wing Area 1.56 ft2

Half-Span 2.13 ft

Chord 8.83 in

Sweep 47.67°

Dihedral
Pending Stability 
Analysis
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High-Lift Devices 
Alternatives
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High-Lift Devices 
Alternatives

High-Lift Device Alternatives

Slats ςUseless on takeoff & high weight

Slats/Flaps ςSlats useless on takeoff

FlaperonsςAct in opposite direction of required pitch control

Flaps ςUnnecessarily increase CL,MAX , weight and complexity

None ςAirfoils naturally provide sufficient nose-up moment and CL,MAX 
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Aerodynamics Risk

Å Wings too small

ï Cannot take off in 75 ft, use batteries 
too fast

ï Mitigation: Prototyping

Å Improperly sized tail

ï Plane is unstable & uncontrollable

ï Mitigation: Margin & prototyping

Å Improperly sized control surfaces

ï Aircraft is uncontrollable

ï Mitigation: Extra analysis & margin

Å Insufficient directional stability

ï Aircraft stability is unknown and not 
considered

ï Mitigation: Adding a vertical fin & 
deflecting single rudder in turn, use 
drag to turn
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Current System 
Configuration
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Avionics

Barrett Sleeper
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Avionics Design-To 
Specifications

ÅSensor Accuracy
ïAltitude: +/- 10 ft

ï IAS: +/- 5 mph

ïVoltmeter: +/- 0.2 V

ïAmmeter: +/- 100 mA

ïTemperature: +/- 1 F°

ïG-force Loading +/- 0.1 G

ïAngle of Attack +/-0.5°

ÅSystem 
ïWeight: <8 oz.

ïCost: $800-$2500

ïCurrent Draw:                            
< 400mA @~ 5V
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Missions / Fuselage

Joshua Fromm
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Missions Decision 
Flowdown
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Mission Optimization
Delivery Mission

Total Score=

Battery 
Weight

Number 
of Laps

Å Analysis suggests lowest number of laps yields 
highest score

Å Score is normalized to 50 points at competition

Å Unloaded aircraft, assumes 8 lbs (See Reference 9)
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Mission Optimization
Payload Mission

Total Score = 

Loading 
Time

Battery 
Weight

Structure 
Weight

Å Estimates of 0.5 lb battery pack, 8.0 lb structure (See Reference 9)

Å Score is normalized to 50 points at competition
Å Loading time determined by amount of time required to 

load payload into aircraft

29
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Payload Configuration 
Alternatives
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Payload Configuration 
Alternatives

Å Aerodynamic Effects based on frontal area (W x H)

Å Surface area directly contributes to aircraft weight (L x W x H)

Å Passenger payload is most demanding in terms of size

31

8ò

28ò 20ò 28ò

12ò 12ò

* NOT shown to scale

Performance Variables
Weighting

2 rows 3 rows Tapered

Score SW Score SW Score SW

Aerodynamic Effects 60% 10.0 6.0 7.5 4.5 7.5 4.5

Surface Area 40% 8.0 3.2 10.0 4.0 8.0 3.2

100% 9.2 8.5 7.7



Loading Location 
Alternatives
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Loading Location 
Alternatives

Å Loading time determined by area of access hatch (L x W)
ï Entire ground crew of 3 need maximum area to load payloads simultaneously
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Top Loading Side Loading Front / Rear 

Loading

9ò

30ò
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* NOT shown to scale

Performance Variables
Weighting 

Top Sides Front/ Rear 

Score SW Score SW Score SW

Loading Time 100% 10.0 10.0 7.5 7.5 3.6 3.6

100% 10.0 7.5 3.6



Payload Restraint System 
Alternatives
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Payload Restraint System 
Alternatives

Å Loading Time based on number of steps required to load
ï i.e. insert payloads, slide tray, lock tray

Å Risk based on number of failure points
ï i.e. airbag popping, failing to fill, leaking

Å Compatibility based on recent competition update, suggesting varying 
bottle shapes

35Airbag restraintSliding tray restraint Top tray restraint

Performance Variables
Weighting 

Sliding Tray Top Tray Airbags

Score SW Score SW Score SW

Loading Time 60% 10.0 6.0 6.7 4.0 10.0 6.0

Risk 40% 10.0 4.0 10.0 4.0 6.7 2.7

Compatibility NO YES YES

100% 10.0 8.0 8.7



Payload Arrangements
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Mission Configuration CG Location (from front)

4 Cargo Pallets мпΦллέ

3 Cargo, 3 Passengers
моΦртέ
лΦмсέ ƻŦŦ ŎŜƴǘŜǊ

14 Passengers мпΦллέ

2 Cargo, 7 Passengers
мпΦмпέ
лΦмсέ ƻŦŦ ŎŜƴǘŜǊ

1 Cargo, 10 Passengers мпΦллέ



Design-To Specifications

ÅHatch open/close time of 1 second (per 
operation)

ÅSimultaneous loading of entire payload by 
flight crew (3 people)

ÅRestraining time less than 3 seconds

ÅTotal loading time of 30 seconds or less

ÅPayload CG shift of ±лΦнрέ aŀȄ
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Risk Analysis

Å Loading time

ï Greatly affects total score

ï Mitigation: Practice 
Loading

Å Mission Optimization

ï Required for 
competitiveness

ï Mitigation: Extra Analysis

Å CG Location

ï Different payload types

ï Mitigation: Prototyping

Å Payload Restraint

ï Secure payloads with low 
weight

ï Mitigation: Prototyping
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Propulsion

Oleg Usmanov
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Propulsion Decision 
Flowdown
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Motor Type Alternatives
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Performance 

Variables

Weighting

Brushed 

Motor

Brushless 

Motor

Score SW Score SW

Power/Weight 30% 8.0 2.4 10.0 3.0

Efficiency 30% 7.0 2.1 10.0 3.0

Speed Range 20% 6.0 1.2 10.0 2.0

Heat Dissipation 20% 5.0 1.0 10.0 2.0

100% 6.7 10.0

Motor Type Alternatives

Brushless Design

Å Eliminates mechanical 
communicators

ï Reduces weight

ï Higher speed operation

ï Greater efficiency

Å Winding in contact with case, 
improving heat dissipation

42

Competition Requirement: Brushed or Brushless Motor



Motor Configuration 
Alternatives
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Motor Configuration 
Alternatives
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Performance Variable Reasoning

Ground Clearance ïProp Ground Clearance Directional Stability18ïP factor effect

Weight ïin oz Structural Integration ïnumber of mounts

Efficiency10,14 ïTOTAL system efficiency Knowledge Base - experience

Design-to-Specs:

Å 80 Amp Peak Current (~8 sec max) 0.6 Thrust/Weight (~9 lbs of thrust)

Å 40 Amp Max Continuous Current

Performance Variables

Weighting

Single Dual

Score SW Score SW

Ground Clearance 40% 4.5 1.8 10.0 4.0

Weight 30% 10.0 3.0 8.0 2.4

Efficiency 10% 10.0 1.0 9.0 0.9

Directional Stability 10% 1.0 0.1 10.0 1.0

Structural Integration 5% 10.0 0.5 5.0 0.3

Knowledge Base 5% 10.0 0.5 8.0 0.4

100% 6.9 9.0



Motor Mounting Location
Alternatives
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Motor Mounting Location
Alternatives
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Motor LocationAlternatives

Tandem Configuration ςLargeWire Weight Penalty

Wing Mounted Configuration ςLowest WeightOption



Battery Chemistry 
Alternatives
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Performance 

Variables
Weighting

NiCd NiMH

Score SW Score SW

Energy/Weight 60% 7.0 4.2 10.0 6.0

Energy/Size 10% 6.0 0.6 10.0 1.0

Impedance 20% 10.0 2.0 8.0 1.6

Self Discharge 5% 10.0 0.5 6.0 0.3

Cost 5% 10.0 0.5 9.0 0.5

100% 7.8 9.4

Battery Chemistry 
Alternatives

Å Energy/Weight  

ï Average mAh/kg

Å Energy/Size

ï Average mAh/volume

Å Impedance

ï Average resistance

Å Self Discharge

ï Self discharge percent per month

Å Cost

ï Cost per mAh
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ÅCompetition Requirement: NiCad or 

NiMH cells



Propulsion Feasibility

Å Motor: 2 x Neu 
1105/2.5Y-4000,

Å 4.4:1 gear ratio

Å Battery Pack: 25 x 
IB1400 cells

Å 10 x 5 props

Å ElectriCalc Data:

ï 73 A

ï 52k RPM

ï >9 lb Static Thrust

ï 2.7 minutes cruise
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See Reference 14


