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Peregrine Return VehiclePeregrine Return Vehicle

�� ObjectiveObjective
�� To provide the Colorado To provide the Colorado 

Space Grant Consortium Space Grant Consortium 
with a reusable vehicle that with a reusable vehicle that 
can return student built can return student built 
payloads to a selected payloads to a selected 
target.target.



Design ChangesDesign Changes
�� Recovery SystemRecovery System

�� PIC microcontroller system PIC microcontroller system 
has been replaced by the has been replaced by the 
RRCRRC²²X Altimeter unit by X Altimeter unit by 
Missileworks.comMissileworks.com

�� COTS system satisfies COTS system satisfies 
project requirements with project requirements with 
minor modification.minor modification.
�� Simpler design/lower power Simpler design/lower power 
requirements.requirements.



Technical ProgressTechnical Progress
MechanicalMechanical

�� Manufacturing ProgressManufacturing Progress
�� Bottom, right and left Bottom, right and left 

sides, and front and back sides, and front and back 
of payload structure of payload structure 
completed.completed.

�� Only parts left to be Only parts left to be 
machined are the 4 Lmachined are the 4 L--
brackets, the top, and brackets, the top, and 
the spar tube.the spar tube.

�� LL--brackets and the top brackets and the top 
will be completed this will be completed this 
week.week.



Technical ProgressTechnical Progress
MechanicalMechanical

�� Manufacturing ProgressManufacturing Progress
�� Holes in the left and right sides of the payload Holes in the left and right sides of the payload 

structure need to be filed down in order to fit structure need to be filed down in order to fit 
the spars.the spars.

�� A 12 cm x 12 cm square will be manufactured A 12 cm x 12 cm square will be manufactured 
from scrap Aluminum this week in order for from scrap Aluminum this week in order for 
the gateway to space students to test the size the gateway to space students to test the size 
of their payloads.of their payloads.



FullFull--Scale Aircraft ManufacturingScale Aircraft Manufacturing

�� Foam Breakdown:Foam Breakdown:
�� EPP nose: EPP nose: ““car bumpercar bumper”” foamfoam
�� EPS center section: available in thick slabsEPS center section: available in thick slabs
�� ““PinkPink”” stiff foam: for added stiffness on thinner wing sectionsstiff foam: for added stiffness on thinner wing sections

�� Composite Cloth:Composite Cloth:
�� 2X 1.6 oz Fiberglass (Bias)2X 1.6 oz Fiberglass (Bias)
�� 1X 0.75 oz Fiberglass (bias)1X 0.75 oz Fiberglass (bias)
�� 1X 5 oz Carbon (leading edge)1X 5 oz Carbon (leading edge)

�� Foam parts finished on 3Foam parts finished on 3--66--0707
�� Composite lay up to begin shortly afterComposite lay up to begin shortly after
�� Meanwhile, all system testing continues on Meanwhile, all system testing continues on ¾¾ scale scale 

prototypeprototype



Software BreakSoftware Break--DownDown

Software

Pre-Flight 
Processing

Flight 
Processing

Post-Flight 
Processing

Flight Path Planner Micropilot 2028g Horizons 
Redundant 
Recovery

Horizons



Flight Path Flight Path ““OptimizerOptimizer””

�� Function: Function: 
�� supply space grant with supply space grant with 

suitable landing site suitable landing site 
choices choices 

�� determine best flight path determine best flight path 
to goalto goal

�� Current DevelopmentCurrent Development
�� Exact optimum flight path Exact optimum flight path 

too difficult to findtoo difficult to find

�� Simplified Algorithm Simplified Algorithm 
plannedplanned

�� Currently low priorityCurrently low priority



MicropilotMicropilot 2028g2028g

�� Flight Tests to begin Flight Tests to begin 
week of 3/5/07week of 3/5/07
�� Control gainsControl gains

�� Simple waypoint/loiter Simple waypoint/loiter 
commandscommands

�� Current Issues:Current Issues:
�� Heading Error in High Heading Error in High 

WindWind

�� Initialization TimingInitialization Timing



Flight Testing Flight Testing ¾¾ Scale Scale 

�� Qualitative ObservationsQualitative Observations
�� Improved handlingImproved handling

�� No tip stallNo tip stall

�� Improved glide ratioImproved glide ratio

�� Actual A.C. found to be aft Actual A.C. found to be aft 
of predicted A.C.of predicted A.C.

�� ““HappyHappy”” C.G. location C.G. location 
determined determined 

�� Quantitative ObservationsQuantitative Observations
�� To be obtained from To be obtained from 

MicropilotMicropilot datalogdatalog after after 
autonamousautonamous flightsflights



Thermal TestThermal Test
ATV Thermal Test, 2-22-07
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•Ambient Temperature: BioServe Freezer -858C ~ 1218F 
•Autopilot:  MP2028g
•Heater:  3 x 4.7� 5W Ceramic Resistor Wired in Series
•Heater Batteries: 6 x 1.2V AA 2700mAh NiMH Wired in Series



Parachute Deployment TestParachute Deployment Test
�� Parachute was ejected using a Parachute was ejected using a 

9V battery to trigger an E9V battery to trigger an E--
match and 1g black powder match and 1g black powder 
charge.charge.

�� Charge does not pose a threat Charge does not pose a threat 
for causing grass fires.for causing grass fires.

�� Parachute Deployment Circuit Parachute Deployment Circuit 
was able to trigger deployment was able to trigger deployment 
at ~ 1600ft AGL during at ~ 1600ft AGL during 
descent phase of EOSS flight.descent phase of EOSS flight.



Torque TestTorque Test

�� Room Temperature Room Temperature 
torque: 39 Ntorque: 39 N--cmcm

�� Servo placed in Servo placed in --858588C C 
Freezer for 1 hourFreezer for 1 hour

�� Torque After RemovalTorque After Removal
�� 2min: 26 N2min: 26 N--cmcm
�� 4min: 44 N4min: 44 N--cmcm
�� 6min: 66 N6min: 66 N--cmcm

�� Test Must be RevisitedTest Must be Revisited
�� Remove Grease in GearsRemove Grease in Gears
�� Measure Internal Measure Internal 

Temperature of GearsTemperature of Gears



EOSS Test FlightEOSS Test Flight

�� Items FlownItems Flown
�� HOBO Data LoggerHOBO Data Logger

�� Recorded Inside/Outside Recorded Inside/Outside 
TemperatureTemperature

�� Parachute Deployment Parachute Deployment 
SystemSystem

�� Triggered Confetti Triggered Confetti 
Deployment Upon Descent to Deployment Upon Descent to 
~1600ft~1600ft

�� Thermal SystemThermal System
�� Maintained Internal Maintained Internal 

Temperature of 40Temperature of 4088FF
�� AutoPilotAutoPilot

�� Logged GPS, temperature, Logged GPS, temperature, 
pressure, and orientation datapressure, and orientation data

�� EOSS Beacon and AntennaEOSS Beacon and Antenna
�� Provided additional tracking Provided additional tracking 

to EOSS ground stationsto EOSS ground stations



Concerns addressed by Concerns addressed by 
EOSSEOSS--114 Test Flight114 Test Flight

�� GPS Antenna orientationGPS Antenna orientation

�� No problems with acquiring/maintaining lockNo problems with acquiring/maintaining lock

�� GPS/RF Interference with APRS BeaconGPS/RF Interference with APRS Beacon

�� No interference detected on any systems on the No interference detected on any systems on the 
entire flight stringentire flight string

�� TemperatureTemperature encounteredencountered

�� Internal temperature was sufficient for all componentsInternal temperature was sufficient for all components

�� Parachute systemParachute system

�� Functioned exactly as intendedFunctioned exactly as intended

�� AutopilotAutopilot
�� Functioned exactly as designedFunctioned exactly as designed-- DataloggerDatalogger is hardis hard--coded to coded to 

5Hz, filled up at ~80,000 ft during ascent phase (Fix: SW patch)5Hz, filled up at ~80,000 ft during ascent phase (Fix: SW patch)



HOBO Flight DataHOBO Flight Data

Lowest Ambient Temp:  -508C

Lowest Internal Temp:   -58C



AutoPilotAutoPilot Flight DataFlight Data

•Autopilot can only log 5 MB 
of data ~ 1hour 15min

•Data was accurate when 
compared to EOSS flight 
data (Not Published by IR2 
Deadline)



Weight BudgetWeight Budget



Upcoming TestsUpcoming Tests

�� Video System Flight TestVideo System Flight Test
�� Will be finished by next Friday (3Will be finished by next Friday (3--1515--07)07)

�� Autopilot Flight TestsAutopilot Flight Tests
�� Will start this week once postWill start this week once post--flight data flight data 

analysis has been completed from EOSSanalysis has been completed from EOSS--114114



Expected Test ResultsExpected Test Results

�� Autopilot Flight Testing (Autopilot Flight Testing ( ProtogrineProtogrine V2)V2)
�� Successful Avionics package flight testSuccessful Avionics package flight test
�� Next step is installation in PRVNext step is installation in PRV--V2V2

�� Characterize A/P ability to control plane from launch to Characterize A/P ability to control plane from launch to 
touchdowntouchdown

�� WaypointWaypoint--following ability (straight, turns, Ufollowing ability (straight, turns, U--turns)turns)
�� Practice with setting up A/P will be helpfulPractice with setting up A/P will be helpful

�� Video System Flight TestVideo System Flight Test
�� System has been successfully benchSystem has been successfully bench--testedtested
�� Needs to be connected to autopilot and overlay card Needs to be connected to autopilot and overlay card 

for flight testingfor flight testing-- no problems anticipatedno problems anticipated
�� Cable harness needs to be fabricated (Already have Cable harness needs to be fabricated (Already have 

plans/parts)plans/parts)



Expected Test ResultsExpected Test Results

�� PRVPRV--V2 autopilot flight tests will verify:V2 autopilot flight tests will verify:
�� Estimated (Design) L/D Estimated (Design) L/D –– Autopilot Descent Rate logAutopilot Descent Rate log

�� Control Surface sizing & realControl Surface sizing & real--world impact on stability world impact on stability 
and controllabilityand controllability

�� GPS waypoint/courseGPS waypoint/course--tracking performancetracking performance

�� Standardization of flight testsStandardization of flight tests
�� Allows for repeatable tests to make adjustments for Allows for repeatable tests to make adjustments for 

fullfull--scale versionscale version

�� Standard flight profile will allow for Standard flight profile will allow for 
weight/balance/trim, determine autopilotweight/balance/trim, determine autopilot’’s ability to s ability to 
compensate for slightly outcompensate for slightly out--ofof--balance/trim aircraftbalance/trim aircraft



Questions?Questions?


