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A Obijectives

A Background
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A Aerodynamics Subsystem

A Avionics Subsystem

A Fuselage & Mission Design Subsystem
A Propulsion Subsystem

A Structures Subsystem

A Project Management



?ﬁ" ODbjectives

A Design, build, and fly competitive aircraft
A Carry highvolume payloads

A Teach design process to underclassmen
engineering students

I Vertical integration across all classes

A Customer: Dr. Brian Argrow



?ﬁ" Background

A AIAA hosts annual Design, Build and Fly
Competition

A Design, build and test an aircraft capable of
carrying ~7 lb payload
A Minimize weight and size

A Team of seniors manages design
I Underclassmen involved in project



?ﬁ" Requirements

A Payload Weight A Aircraft Size
I Carry payload weighing I Alrcraft footprint must be
approximately 7 Ibs aYltt SNJWKIyYy
i 5 Payload configuratiods A |nstrumentation
A Endurance i Aircraft must record
i Must fly at least one lap of airspeed and altitude to
prescribed course Verlfy basic performance
requirements
O A COTS Electrical Propulsion
I Must utilize COTS

- propulsion system for
Startlelne SafEty'

7 7

500 Feet 500 Feet

1Competition Requirements from Reference 1



Aerodynamics

Scott Lowery
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Aircraft Configuration

Alternatives




Performance
Variables

Aircraft Configuration
Alternatives

Conventional Canard Flying Wing Bi Wing Box Wing Co;—\e/‘gLetisosnal
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 5.0 10.0 5.0
Ease of Manufacturin 10% 5.0 0.5 5.0 10.0 8.0
Natural Stability 10% 10.0 1.0 9.0
Payload Accessibilit 25% 6.7 1.7 6.7

Pictures Taken from Reference 2

Performance Variable Reasoning

Knowledge Base i Deviation from Conventional

Ease of Manufacturingi Number of Surface Joints
Natural Stability i Analytical Factors in Stability

Payload Accessibility i Design Ease of Top-Load

Dragi Based on Wing Chord



Tail Configuration
Alternatives




Tail Configuration
Alternatives

Performance
Variables
Conventional No Dedicated Tail
Score SW Score SW Score SW Score SW Score SW
Drag 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- 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 Loadin 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. 10.0

Pictures Taken From Reference 2

Drag i Number of Exposed Surface Tips

Performance Variable Reasoning

Knowledge Base i Deviation from No Tail

Ease of Manufacturingi Number of Joints

Structural Loading i Added Structural Load



}/ﬁrp WingPlanformShape

Alternatives




}/@D WingPlanformShape
Alternatives

UpperWing

Rectangulalg Easyto Manufacture

Lower Wing

Sweptg Joinsto Upper Wing

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



Sizing Decisions

> > Low Camber

Airfoil

Medium

> = Camber

Airfoil




? Airfoil Lift & Drag Polars

Airfail Drag Polar Airfail Lift Coefficient vs Ao Airfail Mament Coeficient vs Ao

-------- mmm— Fppler E216 Airfoil (High Camber)

O5F A
— Fnpler E226 Airfoil (Low Camber) :
Selig-Ashok SAF038 Aifoll (Mediom Camber) |
- I T I T I |
0 . 0.04 0.08 0.03 0.1 012 0.14 0.16
&
D

Airfoils Taken From Reference 3
Analysis Taken From Reference 4



}ﬂ Assumptions for Performance
‘ Constraint Chart

A Density Altitude: 6000 ft

A Takeoff Weight: 15Ibs

A Takeoff Distance: 70 ft

A Load Factor (n): 2.5 (6Dank angle)
A Vg = 40 ft/s

AV, = 70 ft/s

A e = 0.8 (historical DBF)

A Loss in Gyaxdue to 3D effects: 0.2



},/G'D Performance Constraint
| Chart

Alrcraft performance constraints for varying camber. Low Camber(dotted): CL__ =0.875,
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9 Preliminary Weights

Empty Weight (includes batteries), W 7.8-8.3 Ibs
Payload Weight, W/ 6.8-7.2 Ibs
Total Weight, W 14.6-15.5 Ibs

Payload Weight: Empty Weight Relationship

Mean 1.159
ndar
peviaton | 037
Confidence | N1.279
alpha 0.05
Lower Limit 1.04
Upper limit 1.279

Taken from Reference 9



B>

Wing Area
Span
Chord
Sweep

Dihedral

Preliminary Wing Sizing

3.68 f

5 ft

8.831In

OO

OO

HalfWing Area

HalfSpan

Chord

Sweep

Dihedral

|
1.56 f¢
2.13 ft

8.831in

47.67°

Pending Stability
Analysis



5 HightLift Devices

Alternatives




;./@D HighLift Devices
Alternatives

HighLift Device Alternatives

Nonec Airfoils naturally provide sufficient noseip moment and €y ax



Conseauence

D

Wings too
small

Aerodynamics Risk

Improperly
sized tall

Improperly
sized control
surfaces

Possibility

A

A

A

A

Wings too small

Cannot take off in 75 ft, use batteries
too fast

Mitigation: Prototyping

Improperly sized tail

Plane is unstable & uncontrollable
Mitigation: Margin & prototyping

Improperly sized control surfaces

Aircraft is uncontrollable
Mitigation: Extra analysis & margin

Insufficient directional stability

Aircraft stability is unknown and not
considered

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

Barrett Sleeper



B

Avionics Desigilo
Specifications

A Sensor Accuracy

- Altitude: +~ 10 ft

IAS: +/5 mph

" Voltmeter; +£0.2V
- Ammeter: +£ 100 mA

Temperature: +/1 F
GHforce Loading +/0.1 G
Angle of Attack +0.5°

A System

Weight: <8 oz.
Cost: $80652500

Current Draw:
< 400mA @~ 5V



Missions / Fuselage

Joshua Fromm



Fo Missions Decision
g Flowdown

Mission
Optimization

-

ThreeWide

Payload
Configuration

—-1>

Loading Payload
Location Restraint System
Selection

Side Loading Sliding Tray

Front/Back :



g Mission Optimization
| Delivery Mission

Total Mission Score with Number of Laps

Total Score

#of Laps
Battery Wight % 2 4+ & 8 w0 122 1 16 18 2

Number of laps flown

Total Score=

A Analysis suggests lowest number of laps yields
highest score
A Score is normalized to 50 points at competition

A Unloaded aircraft, assumes 8 s reference 9)



g Mission Optimization
| Payload Mission

Battery and Structure Weight Sensitivity

25

— System Weight
2 — Battery Weight

Total Score

1

Total Score "LoadingTime@attery Wight GEmpty Weigt 01 2 3
Weiaht increase of base estimate llbsl

A Estimates of 0.5 Ib battery pack, 8.0 Ib Structisdererence 9)
A Score is normalized to 50 points at competition

A Loading time determined by amount of time required to
load payload into aircraft



;,;m Payload Configuration

Alternatives

9 9



B

Payload Configuration
Alternatives

Performance Variables T D S O 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

A Aerodynamic Effects based @montal area (W x H)
A Surface area directly contributes &rcraft weight (L x W x H)
A Passenger payload is most demanding in termsizef

280

* NOT shown to scale



}/ﬁrp‘ Loading Location
. g Alternatives




B

Performance Variables

Top

Sides

Loading Location
Alternatives

Front/ Rear

Weighting
Score SW

Score

SW Score

100%

7.5

SW

7.5

100% 10.0

7.5

3.6

A Loading time determined bgrea of access hatch (L x W)
I Entire ground crew of 3 need maximum area to load payloads simultaneously

/.

Top Loading

300

.

Side Loading

/

Front/ Rear

Loading

* NOT shown to scale



};m Payload Restraint System
' Alternatives




B>

Payload Restraint System
Alternatives

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
Compatibili YES YES
100% 8.0 8.7

A Loading Time based on numberstéps required to load
T ie. insert payloads, slide tray, lock tray

A Risk based on number tilure points
i I.e. airbag popping, failing to fill, leaking

A Compatibility based on recent competition update, suggestianying
bottle shapes

Sliding tray restraint

Top tray restraint

Airbag restraint



B>

4 Cargo Pallets

3 Cargo, 3 Passengers

14 Passengers
2 Cargo, 7 Passengers

1 Cargo, 10 Passengers

) & @& O

"\);Ju‘v R

‘1(‘1(1(—\\('”"(‘;"({\)‘,

0 08 00 G 9
=
Q@9

‘o w ©

OAOG QOOAO
OGGOOGO

o, g‘JOOQJU
0/0'w 006 ®
©/0/0/0/0 a9

OOOjOOb("

Payload Arrangements

Mmn dnn g

MO Pp T E

ndomceg 27FF

Mmn dnn g

MO dPmn €
nomc €

Mmn dnnég



[ DesignTo Specifications

A Hatch open/close time of 1 second (per
operation)

A Simultaneous loading of entire payload by
flight crew (3 people)

A Restraining time less than 3 seconds

A Total loading time of 30 seconds or less

A Payload CG shiftefn dHpé al E



3

Risk Analysis

A Loading time

Op':fr‘jiszi;’{i‘on i Greatly affects total score
I Mitigation: Practice
Loading
. A Mission Optimization
§ i Required for
S competitiveness
§ payload e I Mitiggtion: Extra Analysis
Restraint ocation A CG Location

I Different payload types
I Mitigation: Prototyping
A Payload Restraint

I Secure payloads with low
weight

Possibility i Mitigation: Prototyping




Propulsion

OlegUsmanov



D Propulsion Decision
. g’ Flowdown

Propulsion Battery
Branches Chemistry
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= —
S  —
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| -
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f@' Motor Type Alternatives
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o Motor Type Alternatives

Competition Requirement: Brushed or Brushless Motor

Brushless Design

A Eliminates mechanical
communicators

I Reduces weight
I Higher speed operation
I Greater efficiency

A Winding in contact with case,
improving heat dissipation

) e
Performance
Variables Brushed Brushless
Motor 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 15.0




}/ﬁfb Motor Configuration

Alternatives
i i




L

Motor Configuration

Alternatives

A 80 Amp Peak Current (~8 sec max)

A 40 Amp Max Continuous Current

0.6 Thrust/Weight (~9 Ibs of thrust)

Performance Variables Single Dual
Score SW Score SW
Ground Clearance 40% 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%i 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

Performance Variable Reasoning
Directional Stability8i P factor effect
Structural Integration T number of mounts

Ground Clearance i Prop Ground Clearance
WeightT in oz
Efficiency10.147 TOTAL system efficiency

Knowledge Base - experience



}}D Motor Mounting Location

Alternatives




}/?D Motor Mounting Location
Alternatives

Motor LocationAlternatives

e

Wing Mounted Configuratiorg Lowest WeightOption




;./39 Battery Chemistry
Alternatives
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o P P o Do

Alternatives

ACompetition Requirement: NiCad or

NiMH cells

Energy/Weight

T Average mAh/kg

Energy/Size

T Average mAh/volume
Impedance

T Average resistance

Self Discharge

I Self discharge percent per month
Cost

I Cost per mAh

Battery Chemistry

RS O
Performance
Variables NiMH

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
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o o o DT>

To

Motor: 2 x Neu
1105/2.5¥4000,

4.4:1 gear ratio

Battery Pack: 25 x
IB1400 cells

10 x 5 props

ElectriCalc Data:

| /3 A

|
I 52k RPM
’
|

>9 |b Static Thrust

- 2.7 minutes cruise

Propulsion Feasibility

See Reference 14



