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ÅCustomer: Colorado Space Grant Consortium

ÅBalloonSats

Å10 per launch

Å5ò x 5ò 

Å~1.1 lbs

ÅBalloon launch 100,000 ft

ÅParachute return no control
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Problem Statement
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Top Level & System Requirements



Current Method Used By Space 

Grant

Configuration:

ÅPayload is tethered to the tie line 

ÅBeacon sends position information

ÅBalloon parachute deploys after burst

Issues:

ÅDrifting of the balloon occurs in both 

the ascent and descent 

ÅCurrent System offers no control 

ÅRecovery a problem 

ÅPossibility of payload loss

PRVôs Solution (06-07)

Å Blended-Wing Body Glider

Å Successful Low Altitude 
Flight Test

Å Couldnôt Carry Payloads

Å Auto-Pilot

ï MicroPilot MP2028g
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Background
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Operational Scenario
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Operational Scenario
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Description of Design Concepts

UAV

ÅPowered or Unpowered

ÅHigh Aspect Ratio

Guided Freefall Device

ÅUnpowered Ballistic Body

ÅTail Control Surfaces

ÅNose-Heavy Stabilization

Hang Glider

ÅUnpowered Flexible Wing

ÅHigh Aspect Ratio

ÅSteered by Shifting Center of Mass

Parafoil

ÅLightweight Inflatable Airfoil

ÅUnpowered

ÅSteered With Lines Attached to Trailing Edge 
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Concept Requirement Satisfaction

Weight (< 20 lb) 

Autonomous Control

Range  (Ó10 miles)

Accuracy (Ò1/4 mile)

Payload Integration**

Hang Glider   

No

No*

Yes

No

Yes

GFFD

Marginal

Yes

Yes

No

Yes

Parafoil

Yes

Yes

Yes

No

Yes

Glider 

Yes

Yes

Yes

No

Yes

Power UAV

Marginal

Yes

Yes

Yes

Yes

*complexity of the control system made this unfeasible [John reference paper on this]

**Allows payloads to perform required measurements.  Also, students will be required to design around vehicle platform.

Reason why parfoil was selected/broke tie:

Large mass buffer for parafoil and none glider
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Detailed Comparison
Payload 5.5 lbs

Max 14.5 lbs total
Glider Parafoil

Weight Total Body Weight: 12.5 lbs

ÅMaterial Weight: 7 lbs

ïFiber Glass at 0.098 lbs/ft2

ïEstimated 24ft2 of material

Å Three layers of material 

plus reinforcements

ÅElectronics Weight: 2 lbs

ïBased off of Final PRV report

ÅPayload Bay: 2 lbs

ÅEOSS Beacon: 1.5 lbs

Total Weight: 9.9 lbs

ÅFabric: 0.15 lbs

ï 0.01 lbs/ft2 material weight

ï Rip-stop nylon

ï Approx. 15 ft2

ÅPayload structure: 2 lbs

ī PRV Al structure was 2 lbs

ÅMain Structure: 2 lbs

ÅElectronics Weight: 2 lbs

ÅEOS Beacon: 1.5 lbs

Testing ÅWind tunnel testing

ÅDrop testing

ÅPowered unit could be used on 

a RC field

ÅWind tunnel testing

ÅDrop testing

ÅHave an RC version to test 

controls



Assumptions:

UAV:
- L/D = 12
- Vhorizontal = 70 mph
- 10 minutes powered

flight

Parafoil:
- L/D = 4
- Vhorizontal = 25 mph

Constant wind

18,000 ft. descent
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Range Estimation
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UAV vs. Parafoil

Weight

20%

Range

13%

Accuracy

17%

Payload 

Integration

13%

Control

17%

Testing

20%

Performance Metric Weight
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Trade Study Results

Powered UAV Glider Parafoil

Powered 

UAV Glider Parafoil

Total 6.86 6.24 7.24



ÅTop skin, bottom skin, 

and ribs

ÅInflated wing

ÅPayload is attached to 

parafoil by suspension 

lines

ÅControlled with two 

control lines on trailing 

edge
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Overall System Architecture
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Outline of Functional Elements
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Design to Spec: Lift-to-Drag Ratio

ÅModeled assuming wing 

at steady state

ÅLift-to-drag does not 

Depend on wing-loading

ÅHigher L/D for Higher 

Aspect Ratios

ÅHigh Aspect Ratio 

Complicates Opening 

Characteristics
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Lift-to-Drag For Various Low Aspect Ratio Wings
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Descent Rate For Various Wing-Loading on Low Aspect Ratio Wings
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Design to Spec: Wing Loading

ÅHigher wing loading has higher speed and is less sensitive to wind

ÅBalance between safe decent rate and speed capability

ÅSport Parachutist Typical Wing-loading  0.5 lb/ft2 to 2 lb/ft2

ÅParafoil size selection depends on control systems landing 

capabilities

W/S in  (lb/ft2)


