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Briefing OverviewBriefing Overview

�� Project Objectives and OverviewProject Objectives and Overview
�� Development and Assessment of System Design Development and Assessment of System Design 

AlternativesAlternatives
�� Initial Design ConceptsInitial Design Concepts
�� Aircraft ConfigurationAircraft Configuration

�� System Design to SpecificationsSystem Design to Specifications
�� Development and Assessment of Subsystem Design Development and Assessment of Subsystem Design 

Alternatives Alternatives 
�� Project Feasibility Analysis and Risk AssessmentProject Feasibility Analysis and Risk Assessment
�� Project Management PlanProject Management Plan
�� QuestionsQuestions



Project ObjectiveProject Objective
Objective:Objective:
To provide the Colorado Space Grant Consortium with aTo provide the Colorado Space Grant Consortium with a

reusable vehicle that can return student built sciencereusable vehicle that can return student built science

payloads to a selected target.payloads to a selected target.



Current MethodCurrent Method
Configuration:Configuration:
�� Payload is tetheredPayload is tethered
�� Beacon sends position Beacon sends position 

informationinformation
�� Parachute deploys after burstParachute deploys after burst
Issues:Issues:
�� Current System offers no Current System offers no 

controlcontrol
�� Drifting occurs in ascent and Drifting occurs in ascent and 

descentdescent
�� Launched with winds < 15 Launched with winds < 15 ktskts

�� Recovery a hassleRecovery a hassle
�� Long Hikes Long Hikes 
�� Possibility of payload lossPossibility of payload loss



RequirementsRequirements
�� Vehicle and payload must not exceed 20 lbs where 10 Vehicle and payload must not exceed 20 lbs where 10 

lbs will be payload.lbs will be payload.
�� Vehicle structure and systems must weigh 10lbsVehicle structure and systems must weigh 10lbs

�� Vehicle must be able to carry a payload volume of Vehicle must be able to carry a payload volume of 
530 in530 in33..

�� Vehicle size (large glider)Vehicle size (large glider)

�� Vehicle must not hit the ground with a vertical velocity Vehicle must not hit the ground with a vertical velocity 
greater than 30 mphgreater than 30 mph

�� Vehicle structure must be durableVehicle structure must be durable
�� Parachute required (no runway available)Parachute required (no runway available)

�� Vehicle must be able to land with in a quarter mile of an Vehicle must be able to land with in a quarter mile of an 
intended target chosen prior to launch.intended target chosen prior to launch.

�� RangeRange
�� Controlled descentControlled descent
�� Account for atmospheric conditions (wind)Account for atmospheric conditions (wind)



Mission EnvironmentMission Environment

�� Customer Landing Customer Landing 
site selectionsite selection

�� Jet Stream winds Jet Stream winds 
with high with high 
magnitudes and magnitudes and 
varying directionsvarying directions

�� Average 92,000 ft Average 92,000 ft 
burst altitudeburst altitude

�� Average 40 mile drift Average 40 mile drift 
from launch sitefrom launch site



Mission ProfileMission Profile

�� Balloon Bursts at 92,000 ft Balloon Bursts at 92,000 ft 
and glider is cut away.and glider is cut away.

�� Glider pulls out of dive Glider pulls out of dive 
and flies toward its target.and flies toward its target.

�� Glider adjusts dive angle Glider adjusts dive angle 
to counter adverse windsto counter adverse winds

�� At ~1000ft above target a At ~1000ft above target a 
parachute deploys to parachute deploys to 
reach required landing reach required landing 
speed.speed.



Initial Design ConceptsInitial Design Concepts



Glider FeasibilityGlider Feasibility

�� L/D (5L/D (5--10) provides sufficient cross10) provides sufficient cross--rangerange

�� Wind penetration is a function of glide slopeWind penetration is a function of glide slope



Possible ConfigurationsPossible Configurations

Glider

Flying Wing Traditional Canard/
Tandem

Biplane Twin Fuselage

Pros:
*Structure

*Simple Airframe
*Potential for 

greater efficiency
*Experience

Cons :
*Control

*Pitch Damping

Pros:
*Comfort with 

analysis
*Stability
*Controls

Cons :
*Less original /

exciting

Pros :
*Potential for high 

L/D
*Potential for 
favorable stall 
characteristics

*Chute 
deployment

Cons :
*Design Expertise

*Potential for 
deep stall

Pros:
*More Lift per 

span

Cons :
*Wing 

Interference

Pros:
*Structure
*Modular

Cons :
*Complexity

*Chute 
Deployment



Flying WingFlying Wing



�� Aircraft Structure ConfigurationAircraft Structure Configuration
�� FuselageFuselage

�� Must be designed to withstand up to 10 g loads in dive Must be designed to withstand up to 10 g loads in dive 
pullout manuver.pullout manuver.

�� Must be designed to withstand parachute or brake Must be designed to withstand parachute or brake 
deployment.deployment.

�� Must be designed to survive an impact at 10 mph with Must be designed to survive an impact at 10 mph with 
enough structural integrity to be reenough structural integrity to be re--used.used.

�� WingsWings
�� Must withstand 10Must withstand 10 gg--loads (200 lbf) in pullout loads (200 lbf) in pullout 

manuver.manuver.

DesignDesign--to Specificationsto Specifications



DesignDesign--to Specificationsto Specifications
�� Aircraft Structure ConfigurationAircraft Structure Configuration

�� Payload BayPayload Bay
�� Payload bay mustPayload bay must be designed to acomodate five, 105.4 inbe designed to acomodate five, 105.4 in33

cubes.cubes.
�� Must be designed to maintain the structural integrity of the Must be designed to maintain the structural integrity of the 

payload.payload.
�� Must support a combined payload mass of 10 lb.Must support a combined payload mass of 10 lb.
�� Must have a field of view through the fuselage for each box. Must have a field of view through the fuselage for each box. 

�� NadirNadir--pointing in asention phasepointing in asention phase
�� ZenithZenith--pointing in glide phasepointing in glide phase

�� EmmpenageEmmpenage
�� Must provide control authority at low (~0Must provide control authority at low (~0--172 mph) and high 172 mph) and high 

(~Mach 0.9) airspeed.(~Mach 0.9) airspeed.

Note: The payload will be contained within the fuselageNote: The payload will be contained within the fuselage



DesignDesign--to Specificationsto Specifications

�� AvionicsAvionics
�� AutopilotAutopilot

�� Must control a 20Must control a 20--lb UAV at high speed lb UAV at high speed 
(approaching Mach 0.9).(approaching Mach 0.9).

�� Operate at low temperatures (Operate at low temperatures (--70 F) and high 70 F) and high 
altitude altitude 

�� Must withstand high GMust withstand high G--loads (parachute loads (parachute 
deployment, highdeployment, high--G turns/pullG turns/pull--outs)outs)

�� Controls/ServosControls/Servos
�� Must provide the torque necessary to apply Must provide the torque necessary to apply 

aerodynamic forces at highaerodynamic forces at high airspeed (Mach 0.9)airspeed (Mach 0.9)



DesignDesign--to Specificationsto Specifications

�� AvionicsAvionics
�� Data Acquisition Data Acquisition 

�� Must be able to verify test flightsMust be able to verify test flights

�� Video and flight data must provide proof of Video and flight data must provide proof of 
mission success and vehicle performance mission success and vehicle performance 

�� CCD Camera w/GPS & Data OverlayCCD Camera w/GPS & Data Overlay
�� If used, Micropilot data logger on the MP2028 If used, Micropilot data logger on the MP2028 

Autopilot will store flight data (RSAutopilot will store flight data (RS--232 access)232 access)

�� Video RecorderVideo Recorder
�� Roughly 2 GB data storage required on SD cardRoughly 2 GB data storage required on SD card



DesignDesign--to Specificationsto Specifications

�� AvionicsAvionics
�� Power SupplyPower Supply

�� Must be able to provide reliable voltage and Must be able to provide reliable voltage and 
current to autopilot and servoscurrent to autopilot and servos

�� Must be able to provide 3 AMust be able to provide 3 A--hrs at 8hrs at 8--14 VDC for 14 VDC for 
avionics excluding servosavionics excluding servos

�� Servo battery must be able to provide 3.3 AServo battery must be able to provide 3.3 A--hrs at hrs at 
4.8 VDC 4.8 VDC 

�� Power Distribution BoardPower Distribution Board
�� Needs to provide appropriate voltage and current Needs to provide appropriate voltage and current 

to different componentsto different components



DesignDesign--to Specificationsto Specifications

�� AvionicsAvionics
�� Cable/Wiring Harness Cable/Wiring Harness 

�� Must be light, simple, and easy to Must be light, simple, and easy to 
assemble/disassemble/repair assemble/disassemble/repair in the fieldin the field

�� Recovery System Recovery System 
�� Must slow vehicle to safe touchdown speed      Must slow vehicle to safe touchdown speed      

(< 10 mph) during the last(< 10 mph) during the last phase of the descentphase of the descent

�� Must be reusableMust be reusable

�� > 90% proven reliability> 90% proven reliability

�� Must operate independentlyMust operate independently



Subsystem Flow DiagramSubsystem Flow Diagram

Power System

Recovery 
System

Communication 
System

Auto-PilotPower System

Recovery 
System

Communication 
SystemAuto-Pilot

Thermal 
Protection 
System



Development and Assessment of Development and Assessment of 
Subsystem Design AlternativesSubsystem Design Alternatives

�� AutoAuto--Pilot SubsystemPilot Subsystem
�� Micropilot MP2028gMicropilot MP2028g

�� Cost: $3300Cost: $3300
�� Excellent GUI, UAV Excellent GUI, UAV ””setup wizardsetup wizard””
�� Onboard datalogger for flight test dataOnboard datalogger for flight test data

�� UU--Nav PicoPilotNav PicoPilot--NANA
�� Cost: $700Cost: $700
�� Limited number of servosLimited number of servos
�� Less refined integrationLess refined integration
�� Untested for flights above 20,000 ftUntested for flights above 20,000 ft
�� Not recommended for aircraft over 10 lbsNot recommended for aircraft over 10 lbs

Subsystem Configuration
Micropilot MP2028g



�� Recovery SystemRecovery System
�� ParachuteParachute

�� Ability to quickly slow glider down to acceptable landing Ability to quickly slow glider down to acceptable landing 
velocityvelocity

�� Simple DesignSimple Design
�� Proven TechnologyProven Technology

�� Deep Stall LandingDeep Stall Landing
�� Micropilot MP2028g has flare landing capabilityMicropilot MP2028g has flare landing capability
�� AutoAuto--Pilot Failure = Recovery System FailurePilot Failure = Recovery System Failure
�� Prone to collisionsProne to collisions

Subsystem ConfigurationSubsystem Configuration
Parachute with Deep Stall Maneuver

Development and Assessment of Development and Assessment of 
Subsystem Design AlternativesSubsystem Design Alternatives



�� Thermal Control SubsystemThermal Control Subsystem
�� Avionics rack temperature range Avionics rack temperature range --4 F<T<113 F4 F<T<113 F

�� CCD Camera temperature T > CCD Camera temperature T > --10 F10 F
�� Heating WireHeating Wire

�� Insulation foamInsulation foam

�� Ceramic heaterCeramic heater

�� Communications SubsystemCommunications Subsystem
�� Vehicle position trackingVehicle position tracking

�� Data upload possibility.Data upload possibility.

�� RC override possibility.RC override possibility.

Development and Assessment of Development and Assessment of 
Subsystem Design AlternativesSubsystem Design Alternatives



�� Power SubsystemPower Subsystem
�� Total flight time assumed to be 5 hours.Total flight time assumed to be 5 hours.

�� CCD camera, Autopilot, and GPS overlay will CCD camera, Autopilot, and GPS overlay will 
have fixed power consumption. have fixed power consumption. 

�� Servos will have variable power consumption Servos will have variable power consumption 
based on flight conditions.based on flight conditions.

�� Two Batteries needed. One for servos and one for Two Batteries needed. One for servos and one for 
the remaining systemsthe remaining systems

*ref Excel spreadsheet with average data

Development and Assessment of Development and Assessment of 
Subsystem Design AlternativesSubsystem Design Alternatives



Power RequirementPower Requirement

6.0 > VDC > 4.83000 mATotal

3300 mAh 6 VDC NiMH

3300 3300 mAhmAh 11.1 VDC Li11.1 VDC Li--PoPo

VoltageCurrentDevice

6 VDCvariablevariableServos

14 > VDC > 9.0
3000 mA
(FoS = 4)Total

6 VDC (self regulated)140 mAAutopilot

8-14 VDC60 mAGPS Overlay

12 VDC +/-3V90 mACCD Camera

VoltageCurrentDevice



SensorsSensors

�� 2 Pressure Sensors2 Pressure Sensors
�� To act as a failsafe in the event of GPS/autopilot To act as a failsafe in the event of GPS/autopilot 

failure.failure.

�� Will trigger the recovery chute at an altitude of 1000 ft Will trigger the recovery chute at an altitude of 1000 ft 
((±±200 ft)200 ft)

�� This corresponds to a pressure of 11 This corresponds to a pressure of 11 psipsi ((±±0.11 0.11 psipsi))

�� 1 External Temperature Sensor1 External Temperature Sensor
�� Monitor the temperature of the external environment.Monitor the temperature of the external environment.

�� Customer request.Customer request.



Project Feasibility Analysis and Project Feasibility Analysis and 
Risk AssessmentRisk Assessment

Feasibility Break DownFeasibility Break Down

�� The Glider Must:The Glider Must:
�� Remain securely attached to balloon during Remain securely attached to balloon during 

ascentascent

�� Detach itself from the balloonDetach itself from the balloon

�� Gain Control after dropGain Control after drop

�� Navigate to target landing area Navigate to target landing area 

�� Land SafelyLand Safely

�� Meet FAA requirementsMeet FAA requirements



Feasibility BreakdownFeasibility Breakdown

�� Navigate to Target Landing AreaNavigate to Target Landing Area
�� Must cover 40 miles crossMust cover 40 miles cross--track range against the track range against the 

windwind
�� Assume no wind: is L/D feasible?Assume no wind: is L/D feasible?



Feasibility BreakdownFeasibility Breakdown

�� Navigate to TargetNavigate to Target
�� Consider day where wind is strong and close to           Consider day where wind is strong and close to           

uniuni--directional:directional:

*Data from U Wyoming Radio Sonde



Feasibility BreakdownFeasibility Breakdown

�� Navigate to TargetNavigate to Target
�� Glider Airspeed Glider Airspeed 



Feasibility BreakdownFeasibility Breakdown
�� Typical Simulation ResultTypical Simulation Result



Feasibility BreakdownFeasibility Breakdown

�� Time Integration Mission Simulation Results:Time Integration Mission Simulation Results:
�� Flight Strategy is keyFlight Strategy is key

�� When to glide near L/When to glide near L/DDmaxmax

�� When to dive When to dive 

�� Spiral maneuver may be requiredSpiral maneuver may be required

�� CdCd and wing area S values will be revisitedand wing area S values will be revisited

�� In strongIn strong--unidirectional wind conditions, a high drag, unidirectional wind conditions, a high drag, 
low L/D glider (5low L/D glider (5--10) can satisfy the range requirement 10) can satisfy the range requirement 
with a reasonable mission strategywith a reasonable mission strategy



Weight BudgetWeight Budget

113.4 ~ 7lbsRemaining Weight

56.020% FOS

46.6Total Subsystem Weight

16.0Recovery System

4.0Avionics Mounting Bay

8.2Main Battery

9.3Servo Battery

2.7MDVR-11 micro DVR

4.7CCD Camera

0.8GPS Overlay Board

1.0Micropilot MP-2028 Auto-Pilot

Weight (oz)Object



Risk AnalysisRisk Analysis

1.1. Power System FailurePower System Failure
2.2. AutoAuto--Pilot FailurePilot Failure
3.3. Parachute FailureParachute Failure
4.4. UnrecoverableUnrecoverable

Flight SituationFlight Situation
5.5. Electronics MalfunctionElectronics Malfunction
6.6. Loss of GPS SignalLoss of GPS Signal
7.7. Balloon Fails to Balloon Fails to 

Reach Burst AltitudeReach Burst Altitude



Risk MitigationRisk Mitigation

�� Preliminary Experiments for CDRPreliminary Experiments for CDR
�� Thermal model analysis Thermal model analysis 
�� Create AutoCreate Auto--Pilot test bedPilot test bed

�� Prove AutoProve Auto--Pilot functionalityPilot functionality
�� Determine AutoDetermine Auto--Pilot ReliabilityPilot Reliability

�� Low TemperatureLow Temperature
�� Low BatteryLow Battery

�� Create Parachute Deployment TestCreate Parachute Deployment Test
�� Prove the parachute deployment system works Prove the parachute deployment system works 

�� Altitude sensor controlled deploymentAltitude sensor controlled deployment

�� Shows the parachute slows 20 lbs of weight to less than 30 Shows the parachute slows 20 lbs of weight to less than 30 
mphmph



Budget EstimateBudget Estimate

$400.00$400.00MDVRMDVR--IIII

$29.95$29.95Battery ChargerBattery Charger

$120.00$120.00Batteries (4)Batteries (4)

$300.00$300.00Parachute ClothParachute Cloth

$3,672.25$3,672.25
Autopilot Package (S&H, Software, Autopilot Package (S&H, Software, 

Hardware)Hardware)

$500.00$500.00SensorsSensors

$200.00$200.00Control Surface ServosControl Surface Servos

$100.00$100.00Mounting HardwareMounting Hardware

$100.00$100.00Payload FramePayload Frame

$200.00$200.00Carbon Fiber Vacuum Bag KitCarbon Fiber Vacuum Bag Kit

$300.00$300.00Foam Core WingsFoam Core Wings

$2,852.94$2,852.94Remaining Funds NeededRemaining Funds Needed

--$4,000.00$4,000.00Funding from AerospaceFunding from Aerospace

--$1,800.00$1,800.00Funding from Space GrantFunding from Space Grant

$1,442.16$1,442.1620% Margin20% Margin

$500.00$500.00Test Flights (2)Test Flights (2)

$18.58$18.58WebsiteWebsite

$400.00$400.005 Channel Remote Control5 Channel Remote Control

$80.00$80.00RC ReceiverRC Receiver

$90.00$90.004 GB Secure Digital Card4 GB Secure Digital Card

$200.00$200.00Documentation (Printing, Binding, etc.)Documentation (Printing, Binding, etc.)



Organization ChartOrganization Chart
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Work Break Down StructureWork Break Down Structure
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Work Schedule Design PhaseWork Schedule Design Phase



Work Schedule Build PhaseWork Schedule Build Phase



QuestionsQuestions
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EOSS Previous Balloon Launch EOSS Previous Balloon Launch 
DataData



Sensor DesignSensor Design--to Specificationsto Specifications

�� Pressure sensor:Pressure sensor:
�� Sample rate: ~100HzSample rate: ~100Hz

�� 10x 10x ffmaxmax to account for aliasingto account for aliasing
�� Accuracy: <1% Full ScaleAccuracy: <1% Full Scale
�� Must be able to operate at Must be able to operate at --110110��FF

�� Temperature at 100,000 ft + FOSTemperature at 100,000 ft + FOS
�� Thermal IssuesThermal Issues

�� A thermal analysis of the entire system is necessary.A thermal analysis of the entire system is necessary.
�� There are several options available for controlling internal There are several options available for controlling internal 

temperature.temperature.

�� Needs to read accurately between 0 to 100 PSI.Needs to read accurately between 0 to 100 PSI.
�� Analog outputAnalog output

�� Driven by group Driven by group skillsetskillset..



Sensor DesignSensor Design--to Specificationsto Specifications

Options:Options:
�� Configurable Pressure Transducers Configurable Pressure Transducers –– FP2000 SeriesFP2000 Series

�� Small size: 3.2Small size: 3.2”” x 0.5x 0.5”” x 1.13x 1.13””
�� Meets pressure range requirements: 0 Meets pressure range requirements: 0 –– 1000 PSI1000 PSI
�� Analog output: 40mV/VAnalog output: 40mV/V
�� Excellent accuracy: 0.1% with possible error of Excellent accuracy: 0.1% with possible error of ±±0.5% F.S.0.5% F.S.
�� Temperature range low value is Temperature range low value is --40 40 ��FF

�� Subminiature, Flush Diaphragm Pressure Subminiature, Flush Diaphragm Pressure 
Transducers Transducers -- Models G & FModels G & F

�� Very small: 0.425Very small: 0.425”” x 0.06x 0.06”” x 0.56x 0.56””
�� Analog output: 2 to 5 mV/VAnalog output: 2 to 5 mV/V
�� Excellent accuracy: 0.1% with possible error of Excellent accuracy: 0.1% with possible error of ±±0.1% F.S.0.1% F.S.
�� Pressure range is only 10Pressure range is only 10--150 PSI150 PSI
�� Temperature range low value is Temperature range low value is --65 65 ��FF



Sensor DesignSensor Design--to Specificationsto Specifications

�� Temperature sensor:Temperature sensor:
�� Sample rate: ~10HzSample rate: ~10Hz

�� 10x 10x ffmaxmax to account for aliasingto account for aliasing

�� Accuracy: <1% Full ScaleAccuracy: <1% Full Scale

�� Must be able to operate at Must be able to operate at --110110��FF
�� Temperature at 100,000 ft + FOSTemperature at 100,000 ft + FOS

�� Needs to read accurately between Needs to read accurately between --110110��F to F to 
8080��FF

�� HOBO?HOBO?



Sensor DesignSensor Design--to Specificationsto Specifications

Options:Options:
�� HOBO HOBO –– Temperature SensorTemperature Sensor

�� Small size: 3.2Small size: 3.2”” x 0.5x 0.5”” x 1.13x 1.13””

�� Meets pressure range requirements: Meets pressure range requirements: --104104��F to F to 
160160��FF

�� Self contained systemSelf contained system

�� Excellent accuracy: 0.1Excellent accuracy: 0.1��F  with possible error of F  with possible error of 
±±0.8% F.S.0.8% F.S.

�� Temperature range low value is Temperature range low value is --104 104 ��FF



Glider ScaleGlider Scale

Payload bay and aircraft to scale



Power Source Trade StudyPower Source Trade Study

No(-4) – 1401.2~30~2857~27.21Nickel Metal 
Hydride 
(NiMH)

Yes(-4) – 1131.2~20~2143~13.61Nickel 
Cadmium 
(Ni-Cd)

No(-4) – 1404.23~10~8571~58.96Lithium 
Polymer 
(Li-Po)

No(-4) - 1404.2~5~7143~68.03Lithium Ion 
(Li-Ion)

Memory 
Effect

Optimal 
Temp 

Range (°F)

Fully 
Charged 
Output 

Voltage (V)

Self 
Discharge 
(%/month)

Energy/
Volume 
(Wh/ft 3)

Energy/
Weight 
(W/lb)



Power Source Trade StudyPower Source Trade Study

• Safety Considerations
• Lithium Ion Batteries contain a lithium salt solution, 

which is very flammable
• Lithium Polymer Batteries contain a lithium polymer, 

which is not flammable
• Nickel Cadmium Batteries contain Cadmium, which is 

a heavy metal so heavy metal contamination is a 
possible occurrence

• Nickel Metal Hydride contains a hydride absorbing 
alloy instead of Cadmium, which is less detrimental to 
the environment



Power Source Trade StudyPower Source Trade Study

• Mass Considerations
•• LiLi--Ion Batteries have the Ion Batteries have the 

highest energy per mass highest energy per mass 
ratio of ratio of 68.03 WhWh/lb./lb.

•• LiLi--Po Batteries have the Po Batteries have the 
second highest energy per second highest energy per 
mass ratio of 58.96 mass ratio of 58.96 WhWh/lb./lb.

•• NiCdNiCd and and NiMHNiMH batteries batteries 
have lowest energy per have lowest energy per 
mass ratios of 13.61 and mass ratios of 13.61 and 
27.21 27.21 WhWh/lb, respectively./lb, respectively. 0

0.5

1

1.5

2

2.5

3

M
ass [kg]

Li-Ion LiPo NiCd NiMH

Battery Mass Required For 5 Hour 
Mission



Power Source Trade StudyPower Source Trade Study

�� Size ConsiderationSize Consideration
•• LiLi--Po Batteries have the Po Batteries have the 

second highest energy per second highest energy per 
size ratio of 8571 Wh/ftsize ratio of 8571 Wh/ft33..

•• LiLi--Ion Batteries have the Ion Batteries have the 
highest energy per size highest energy per size 
ratio of 7143 Wh/ftratio of 7143 Wh/ft33..

•• NiCdNiCd and and NiMHNiMH batteries batteries 
have lowest energy per have lowest energy per 
size ratios of 2143 and size ratios of 2143 and 
2857 Wh/ft2857 Wh/ft33, respectively., respectively.
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Feasibility Breakdown:Feasibility Breakdown:

�� Gain Control After Gain Control After 
DropDrop
�� Vehicle StabilityVehicle Stability

�� Thickening Thickening 
AtmosphereAtmosphere

ARES MarsPlane Clip from ref XX



Feasibility Breakdown:Feasibility Breakdown:

�� Structural Concerns After Initial Drop: Structural Concerns After Initial Drop: 
�� FlutterFlutter

�� Flutter Numerical AnalysisFlutter Numerical Analysis

�� Preliminary research* shows susceptibility to flutter is Preliminary research* shows susceptibility to flutter is 
inversely proportional to natural harmonic frequencyinversely proportional to natural harmonic frequency

*Ref NASA DOCUMENT



Feasibility Breakdown:Feasibility Breakdown:

�� Meet FAA RequirementsMeet FAA Requirements
�� UAV regulations undefinedUAV regulations undefined

�� Contact with local FAA officialContact with local FAA official

�� Balloon Launch Airspace OpenBalloon Launch Airspace Open

�� Final FAA clearance pendingFinal FAA clearance pending



Feasibility BreakdownFeasibility Breakdown

Time Integration Mission SimulationTime Integration Mission Simulation



Feasibility BreakdownFeasibility Breakdown

�� Navigate to TargetNavigate to Target
�� Component of Component of 

Airspeed in the XY Airspeed in the XY 
planeplane

�� Velocity relative to the Velocity relative to the 
ground is the sum of ground is the sum of 
Airspeed in the XY Airspeed in the XY 
plane and the wind plane and the wind 
velocityvelocity



Feasibility BreakdownFeasibility Breakdown

�� Calculation ConventionsCalculation Conventions



Feasibility BreakdownFeasibility Breakdown

�� Initial StudiesInitial Studies
�� Assume: Assume: 

�� W = 20 lbsW = 20 lbs

�� CdCd = .03= .03

�� S = 2 m^2  S = 2 m^2  



Feasibility BreakdownFeasibility Breakdown

�� Initial StudiesInitial Studies
�� Assume: Assume: 

�� W = 20 lbsW = 20 lbs

�� CdCd = variable= variable

�� S = 2 mS = 2 m22

�� Consider:Consider:

�� CdCd of of 
Sopwith(spSopwith(sp?) ?) 
Camel ~ 0.03*Camel ~ 0.03*

*Zero-lift Cd from wikipedia.org



Feasibility BreakdownFeasibility Breakdown

�� Current Flight Strategy:Current Flight Strategy:
�� When in jet Stream = diveWhen in jet Stream = dive
�� Otherwise = glide as efficiently as possibleOtherwise = glide as efficiently as possible

�� Future Flight Strategy:Future Flight Strategy:
�� Calculate best heading and glide angle intelligently to Calculate best heading and glide angle intelligently to 

maximize range of vehicle toward targetmaximize range of vehicle toward target

�� AutoPilotAutoPilot
�� Ability to execute optimum flight dependent on autopilotAbility to execute optimum flight dependent on autopilot
�� Attitude hold and heading hold availableAttitude hold and heading hold available



Project Management PlanProject Management Plan

�� Project Management OverviewProject Management Overview
�� Organization ChartOrganization Chart

�� Work Break Down StructureWork Break Down Structure

�� BudgetBudget

�� Work ScheduleWork Schedule
�� Deign Phase (Fall Semester)Deign Phase (Fall Semester)

�� Build Phase (Spring Semester)Build Phase (Spring Semester)



Development and Assessment of Development and Assessment of 
Subsystem Design AlternativesSubsystem Design Alternatives

�� AutoAuto --Pilot SystemPilot System
�� MicropilotMicropilot MP2028gMP2028g
�� UU--NavNav PicoPilotPicoPilot--NANA

�� Recovery SystemRecovery System
�� ParachuteParachute
�� Deep Stall LandingDeep Stall Landing

�� Thermal Control SystemThermal Control System
�� Communication SystemCommunication System
�� Power SystemPower System

�� NiCdNiCd (Nickel(Nickel--Cadmium)Cadmium)
�� LiPoLiPo (Lithium Polymer)(Lithium Polymer)
�� NiMHNiMH (Nickel(Nickel--MetalMetal--Hydride )Hydride )
�� LiLi--Ion (Lithium Ion)Ion (Lithium Ion)



Power Source Trade StudyPower Source Trade Study

�� Battery packsBattery packs
�� CCD camera, Autopilot, GPS overlayCCD camera, Autopilot, GPS overlay

�� LiLi--Po Po 
�� 11.1 VDC 3300 11.1 VDC 3300 mAhmAh
�� http://www.batteryspace.com/index.asp?PageAction=VIEWChttp://www.batteryspace.com/index.asp?PageAction=VIEWC

ATS&Category=1002ATS&Category=1002
�� ~ $100 (including safety factor of 2)~ $100 (including safety factor of 2)

�� ServosServos
�� NiMHNiMH (would be Li(would be Li--Po but Po but NiMHNiMH offers more flexible range of offers more flexible range of 

voltages)voltages)
�� 6 VDC 3300 6 VDC 3300 mAhmAh
�� http://www.batteryspace.com/index.asp?PageAction=VIEWPhttp://www.batteryspace.com/index.asp?PageAction=VIEWP

ROD&ProdID=2756ROD&ProdID=2756
�� ~$50 each (including safety factor of 2)~$50 each (including safety factor of 2)



Budget ExplainedBudget Explained

�� Budget includes a 20% margin.Budget includes a 20% margin.

�� Additional funding will be acquired from Additional funding will be acquired from 
EEF/UROP Grants.EEF/UROP Grants.

�� A deA de--scoped version of the project is still scoped version of the project is still 
feasible without EEF/UROP support.feasible without EEF/UROP support.
�� Purchasing a less capable autopilotPurchasing a less capable autopilot

�� Fewer redundant sensors.Fewer redundant sensors.



DeDe--scoped Budget Estimatescoped Budget Estimate

$400.00$400.00MDVRMDVR--IIII

$29.95$29.95Battery ChargerBattery Charger

$120.00$120.00Batteries (4)Batteries (4)

$300.00$300.00Parachute ClothParachute Cloth

$800.00$800.00
Autopilot Package (S&H, Software, Autopilot Package (S&H, Software, 
Hardware)Hardware)

$500.00$500.00SensorsSensors

$200.00$200.00Control Surface ServosControl Surface Servos

$100.00$100.00Mounting HardwareMounting Hardware

$100.00$100.00Payload FramePayload Frame

$200.00$200.00Carbon Fiber Vacuum Bag (and accessories)Carbon Fiber Vacuum Bag (and accessories)

$300.00$300.00Foam Core WingsFoam Core Wings

--$593.76$593.76Remaining Funds NeededRemaining Funds Needed

--$4,000.00$4,000.00Funding from AerospaceFunding from Aerospace

--$1,800.00$1,800.00Funding from Space GrantFunding from Space Grant

$867.71$867.7120% Margin20% Margin

$500.00$500.00Test Flights (2)Test Flights (2)

$18.58$18.58WebsiteWebsite

$400.00$400.005 Channel Remote Control5 Channel Remote Control

$80.00$80.00RC ReceiverRC Receiver

$90.00$90.002 GB Secure Digital Card2 GB Secure Digital Card

$200.00$200.00Documentation (Printing, Binding, etc.)Documentation (Printing, Binding, etc.)


