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» Length i, 2.9 Meters

» Dry Weight .................... 10 Kg

» Max Flying Weight .......20 Kg (with fuel and payload)

> Top Speed ........ccccueunene. 90 mph — 144 km/h — 40m/s

» Stall Speed ............c.c...... 36 mph — 58 km/h —16.1m/s

» Fuel Tank Capacity ......... 5.6 Litre

» ENgine .eceveeeeceeeeee, Moki 180 (1.8 in3 - 30cc) 2-stroke gas
» Fuel Consumption .........1.55 L /hr @ 6500 RPM (approx.)
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UAV Development

» Instrumentation
» 3D Modeling

» Simulation

» AutoPilot

Programming

> Flight Planning
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\ Servo amplifier

4 Wheatstone bridge
Hot-wire probe
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Instrumentation Goals

the-shelf UAV
» Design data acqg. system for 1-2 hrs of data collection

with 16 channels of analog inputs @ 20khz sample rate
» Design a power supply for above
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Instrumentation

og Aerosol Sampling System
» 0OCZ 480 GB Solid State Hard Drive for Data Storage using LabView

» Custom CTA Bridges and Instrumentation Signal Conditioning for UAV
» LiPoly Battery Power Supply
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Instrument Channels

» MSI/Schaevitz Model 832M1-0025 +25g 3-axis Accelerometer

» 2 — GE Sensing Model MC65F103B 0.065” NTC 10k Ohm Thermistors
» MSI Model HM1500LF Capacitive Relative Humidity Sensor

» + 9 Analog Input Channels For FASS

» Fast Sample Rate — 10khz

» Data Storage on UAV Solid State Hard Drive
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Instrument lodifications
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Instrument Modifications

=
—<JHF Pulse

VRS (set damping)
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Instrument Modifications

N
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Instrument Testing

» Wind Tunnel Testing (low speed < 10m/s)
» Showed combo probe vibration interactions
» Resulted in probe configuration changes

» Pre-Flight tests
» Showed motor vibrations and mechanical weak areas

» Required complete review of all fasteners and servo connections
» Battery capacity and fuel capacity limits flight time
» Radio power (1w) limits flight range to a 8-10 mile radius from GS
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FASS-RPV Flight Test Result
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» Cloud Cap Technology — Piccolo SL
» 900 MHz Radio

» 4 Hz GPS, Analog/Digital/RS232 I/0O
» Portable Ground Station
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Telemetry Channels

> Roll, Pitch, Yaw Sensors

X, Y, Z Accelerometers

X, Y, Z, Magnetometer

Engine RPM — Hall Effect

Ground Speed, Vertical Speed [Calculated]
Fuel Estimate

Servo and Control Data

+ Analog Inputs [Not Used]

Up to 25 hz sample rate

VVVVYVYYVYYVVY
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Aircraft Models




1A¥ERH

Aircraft Para

// Flamingo F-18 with MOKI piston e

<?xml version="1.0"?>
- <Piccolo>
- <Vehicle>
<Auto_elevator_effect>0</Auto_elevator_effect>
<Auto_aileron_effect>0</Auto_aileron_effect>
<Auto_elevator_power>0</Auto_elevator_power=>
<Auto_aileron_power>0</Auto_aileron_power=
<Auto_rudder_power>0</Auto_rudder_power=
<Wing_area>1.181000</Wing_area>
<Wing_span>4.052000</Wing_span=
<Vertical_tail_arm>0.000000</Vertical_tail_arm=
«<Steering_arm>0.762000</Steering_arm=
<Gross_Mass>20.000000</Gross_Mass>
<Empty_Mass>10.000000</Empty_Massz
<X_Inertia>3.688300</X_Inertia>
<Y_Inertia>4.829600</Y_Inertia>
<Z_Inertia>8.109600</Z_Inertia>
<Payload_Mass>0.000000</Payload_Mass>
<Aileron_effect>0.369529 </Aileron_effect>
<Elevator_effect>-8.232607 </Elevator_effect>
<Rudder_effect>-0.000000</Rudder_effect>
<Aileron_power=0.228152</Aileron_power:
<Elevator_power=-2.109590</Elevator_power:=
<Rudder_power>-0.000000</Rudder_power>
<Roll_damping>-0.617412</Roll_damping=
<Pitch_damping>-36.530399 < /Pitch_damping=>
<Yaw_damping=>-0.137437</Yaw_damping>

// SIMULATOR MODEL
// UND Materhorn project, 5/1/2012

// Aerodynamics data from AvL
Alpha_sweep_xml_file=Flamingo. xm]

/7 Mappin? of the channel numbers i
// Left Elevator

Channel_d1=8
// Right Elevator
channel_d2=1

// Left Rudder
Channel_d3=3

// Right Rudder
Channel_d4=5

// Right flap
Channel_d5=9

// Right aileron
Channel_dé6=4

// Left aileron
Channel_d7=0

// Left flap
Channel_d8=7

// Reference area, in mA2
wing_Area=1.18

// span, inm
wing_Span=4.04

Y T INERTIA --

// Gross take-off mass of the aircr
Gross_Mass=20
// Mass of aircraft without fuel, i
Empty_Mass=18

// Moments of inertia
Ro11_Inertia=3.6883
Pitch_Inertia=4.8296
Yaw_Inertia==8.1096
Ro11_vaw_Coupled_Inertia=0.5309

JRN

meters

<?xml version="1.0"?=
- <Piccolo=
- =Surfaces=
- <Surface_0z=
=Type=1</Type=
<Angle_0>-0.174498</Angle_0:
= Width_0>1103 </Width_0=
<Angle_1>-0.139591</Angle_1:
<Width_1>1194</Width_1=
<Angle_2=>-0.104702</Angle_2=>
<Width_2>1295</Width_2>
<Angle_3=-0.0697957</Angle_3=
<Width_32=1360</Width_3=
<Angle_4>-0.0349066</Angle_4=
= Width_4>1480</Width_4>
<Angle_5>0.0349066</Angle_5=>
=z Width_5>1580</Width_5=
<Angle_6>0.104702</Angle_6=>
“Width A~16RER-/Width &~
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Autopilot

Autopiot Mode: Stick Mode
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Autopilot Software

racking telemetry and visualization wi ight Gear simulator
» Additional I/O for control of ignition system, lights, etc.

» Flight termination parameters can be programmed

» Software and Hardware-in-the-loop modes available

» Storage and playback of flights (simulated and real)



Controller Configuration - Piccolo '1'
Lat Gains Lon Gains Trims Limits Vehicle Mixing Landing Launch Sensor Navigation

Open... | Save... | Request All | Send All | Set to Defaults| (_1 Simulator - Flamingo\Flamingo_AVL.txt
Command Actuator File Sim External Vehicle Data Help
Bank max [deq] Aileron max | | | | I
S Apply Slew Clear Slew GPS Enabled Wind Profile OFF Thermals OFF Turbulence OFF
urface Calibration - Piccolo Roll rate max [deg/s] Elevator min |-
Request All Data | Send All Data I 1AS min | 16.00 /sl Elevator max | 10.00 Reset | Stk | o | Gy | Lanc | |
Surfaces [deg] Calibration IAS max | 22.00 [m/s] Nose gear max | 10.00 Position [deg] Error —-Change Altitudes [m] Rail Launcher
0 * L aleron [0.00 Descent max fraction | 0.25 Rudder max | 17.00 = S75 195855 000 MSL (geoid) | -31.77 RA R 1000 [foa)
1 O Elevat 2.03 len || ien) ||| @0 Ground | 29.27 RailYaw [0.000  [deg]
r -2, Climb max fraction | 0.25 Thrott 0.00
- evatol imb max fraction rottle min Alt [m] -29.00 0.01 Viehicle ASL 277 Rail Length |30.000  [m]
2 Left Throttle| 0.94 Load factor min | -0.60 [al Throttle max | 1.00 AGL [m] 0.27 Initial Force | 260.00  [N]
o
3 Rudder 0.00 Load factor max | 1.60 [al Throttle rate | 0.25 Velocity [m/s] Winds [m/s] Final Force [260.00 [N]
I -
4 R. aileron |0.00 R 0 REME] Flzpmin [ 0.00 North 0.00 0.00 South 0.00[ | |LaunchRoll[0.00 [deg]
5 ¢ Rudder 0.00 East 0.00 0.00 West 0.00 Pitch Error |0.00 [deq]
Shift Steering load max | 0.200 [a] Flap max | 62.00
6 o actuator [0.00 4, Down 0.00 |[ 0.00 Up 0.00 YawError [0.00  [deg]
7 O LFap 20.00 [deg] R m) 3000.0 ReM] Raprae| 10.00 Pressure [Pa] Air Data Autopilot Data
8 ' Elevator -2.03 0 9.098 RPMmax | 11000.0 [ReM] Dynamic 0.0 0.0 | | TAS [m/s] 0.00 Launch Action 1 OFF
9 R Flap 20.00 : Static 101292 -4 | | OAT [*C] 15.0 Launch Action 2 OFF
107 no actuator [0.00 L] -7.958 Gyros [deg/s] rho [kg/m? | 1.225 Parachute OFF
Mach 0.00 Comm Latency [ms] 0
117 no actuator [0.00 2 |-5.9%8 3 0-000]1{I10:000 s (] leron —
0.000 || 0.000 ngles [deg; - 2
120 no actuator [0.00 3 |-3.999 .
e — R 0.000 || 0.000 || Alpha | 0.000 RElevator -2.091
1 no actuator | 0.
I 4 |-2.000 Accelerations [m/s/s] Beta 0.000 L. Throttle 1.000
14 no actuator |0.00 000 1550 | LISaDie oIt axis x oTo0) 0.00 | | Rol o000 LRudder 0.000
(o . - - .
15 no actuator |0.00 Axis | Aileron E] - oT00 .00 | |Pitch o000 RAileron 0.000
6 |5.999 1658 buise [de] . o5 | 000 | |Yaw [ oo }:\Ru:der ] 0.000
. Surface 6] 0.000
7 9.998 1745 Period [ms] Mag [mGauss) Aerodynamics
a 0.000 LFlap 19.996
8 |13.208 1837 Deflection X 22868 || 0.06 s 0.00 | | LElevator 2081
Y 57.55 -0.01
9 | 16.501 1929 [ Both directions L e ooz | Mt 19.95 | | RFlap 19.99
Center [deg] - - Engines [Surface 10] 0.000
] - RPM Power[W] Thrust[N] Fuelfg/hr] | | [Surface 11] 0.000
N [™ Autopilot Trim
Visualize Left 11216 -1 2959.1| 107.74| 2900 | | [surface 12] 0.000
e Right 0 0 00| 000 0 | | [surface 13] 0.000
Period [ms] [Surface 14] 0.000
Max 1.0 Avg 1.0 [Surface 15] 0.000
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Pilot training
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Flight Videos
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SimFlight V
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Flight Data
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Flight Data
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Flight Team







MA%ERHORN

» TSI CTA Systems - http //www.tsi.com/en-1033/index.aspx
» R.M. Young - http://www.youngusa.com/




