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Briefing Overview & Content

Purpose
To present théDesign of a Miniature Aircraft Deployment Sys#®&IAA Paper.

System Architecture
Subsystem Design

Deployment Electronics & Software
System Development
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Project Objectives and Purpose

Objective
Integrate a mechanism into an existing UAS

that can carry and deploy four small sub
vehicles on demand during flight

Purpose
AProvide a test platform for cooperative
control protocols
AProvide a proof of concept thatdm A 3 K *
deployment of air vehicles and the over:
dynamics associated with such an actio
predictable and reliable
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Concept of Operations




System Design

1. PrimaryVehicle (PV)
AOnboardelectronics controls deployment through
wireless commands from a ground station
AFlown by an RC Pilot

2. Deployment Mechanism (DM)
AConsist®f mounting point for the SV and linear
actuator for pirmovement release
AAttachedto the PV withbracketingsystem

3. SubVehicle (SV)
ACUPIC Autopilot commands thentrol surfaces and
motor settingsautonomously from mission commands
given from the ground station
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Deployment Subsystem Design

Deployment
Subsystem Desig

Attachment of SubVehicles to Primary Vehicles

wSubkVehicle selection

wAttachment configuration and reinforcements
wFinite element analysis models

wVerification of models with structural testing

Deployment Mechanism

wDesign
wRobustness
wFunctionality
wTest functionality in a vibration environment
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Sub-Vehicle Configuration

Configuration
AVehicle is mounted in flight ready
configuration

Reasons
ARemoves complexity of designing
foldable SV
AMinimizes possible failure points
ACOTS options available
ADeployment dynamics easily predicte (i

Chosen Vehicle
A Super Fly
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Attachment Configuration | e

Cantilever Beam Mounted
PsuedeStacked Configuration

Reason
AHas largest available control marginsg
in worst case load b
ANo wing modifications
AFuselage easy to reinforce
AReduces structural complexity

Attachment Design Choice
ACantilever Beam

Location Selection
ANumerical drop model
ACFD aircraft stability model

P 4 10
‘MA% AIAA Region V Student Conference ﬁ@
LY




Attachment Reinforcement Model

FEA Model

AEstimated worstase aerodynamic forces and

moments applied from each Stlehicle
ANearimpossible flight condition with a 1.5 safe‘/

factor

AUsed ANSYS to design and determine estimated
stresses in body wall -
Alterative design process to maximize relnforcement -
strength and minimize mass

Boundary Conditions
AFixed beam ends
ALoads applied to body

Results
AExternal aluminum plate
ALY OGSNY It oyé¢ GKAO] £ dzYAa
ADoubles as retention device with use of set screjilite
Awithstands estimated worsicase loads
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Non-Destructive Structural Testing

APurpose:Verify FEA model

AMatched boundary conditions in FEA model

AApplied load (to the fuselage of the aircraft)
ADisplacement from the bottom of the fuselage measured
AComparison to FEA model was used to verify the results

Deflection of Plane Fuselage for Varying Applied Loads *
8 o L L L L

7~

6ﬁ

(631
1

1 AFEA model is validated.

] AThe structure will support all
4 SubVehicles in flight with
estimated inflight maximum
@ Experimental Data I loads (with no gusts)

“B Theoretical (Immovable BCs)
r r

Deflection [mm]
N
]

0 2 4 6 8 10
Applied Load [kg]

* Measured with LVDT on a -t ADC. Accurate to within 1.831xa6m
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Deployment Mechanism L

Method Actuator Mounting Bracket

APinsleeve mechanism
AManufactured out of aluminum
AStainless steel pin for strength and decreased
friction

Action
ALinear actuator

Benefits
ASemicircle surface only allows pitching motior
AFlat sides inhibit roll, yaw, and lateral motion

Assembled Deployment Mechanism
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Deployment

Deployment Mechanism Subsysem Desig

Linear Actuator I\/Iountf
v’

e

- @

Linear Actuator

Deployment Mechanism
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- % Deployment
Vibration Test
l TestingResults

AVibrations from OHr 150Hz (max expected forced frequency from engine running at
9000rpm)

ADeployed121/124 times

A95% confidence for neaerodynamic loads in a vibration environment
AFailed at 5Hz Vibration mode of the beam predicted by ANSYS modal analysis

Maximum Force to Pull the Pin
15¢

X X Experimental Data
Best Fit Line
=
8 10- X+
o
L
X X
X
X
5 1 2
10

10
Frequency [rad/s]
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Deployment

Deployment Electronics & Software

Wireless Communication

wCommunication protocol is IEEE 802.1ZyBe¢ utilized
due to preexisting technology on the autopilot

wPrimary vehicle
wSubvehicle
wGround Station

Deployment Process

wGround station sends deployment command to the primary
vehicle

wPrimary venhicle initiates seehicle deployment sequence
once all failsafe conditions have been met
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Deployment Electronics

Linear Actuator
AOperates at +/5V to extend and retract (unlike PWM controlled
Servos)
Alnternal potentiometer relays pin position data I

D

Linear Actuator Control Board
ADesigned custom control boards
A5-MOSFETor currentcontrol to retract/extend actuator
AExternallymounted Manual Override System on the primary
vehicle for ease of mounting SiMtehicles

Image From: http://www:.firgelli.com/

SubVehicle
AOutfitted with in-house CUPIC autopilot

Primary Vehicle
AOutfitted with CUPIC hardware with the software stripped
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. Electrical/Software Flow

Deployment

NIC! z Software

Primary Vehicle Ground Station SubVenhicle
XBeeRadio b G d ' > XBeeRadio
pr— round Station >
I GUI MATLAB I
> t —
— CUPIC - — CUPIC e
Realtern&
1 ActiveX 1
Actuators t Servos/Throttle
l d|  XBeeRadio |
Potentiometers = GPS I—
| GPS Legend | Roll Gyro
- \\/ireless Communication
_l Elow Meter = Wired Communication Altimeter I_
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Deployment

Primary Vehicle Design B < Sofwar

AThe Primary vehicle utilizes arb& PIC microcontroller
AEquipped withZzigBeecommunication, GPS receiver, and pressure transducer

AControls the deployment of the Stehicles through the linear actuator control boards

ARetracts the pin and monitors pin position data
AAble to command the Suldehicle to begin its deployment sequence

ATelemetry is streamed to the ground station
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Deployment

Sub-Vehicle Design rics & Sofwar

ASubVehicle is outfitted with the CUPIC Autopilot, developed by CU PhD Student Bill Pis
ADevelop autopilot with minimal sensors
APIC18F Microcontroller integrates GPS, roll gyro, pressure sensofBascadio
Alnterrupt-based controller: 100Hz Low Priority, Asynchronous High Priority
AHeading rate controlled by roll angle
AAltitude controlled by throttle
AUtilizesLyapunowector field to track predetermined loiter circle
Alncludes autonomous landing and deployment sequences
ADeployment sequence combines roll and pitch stabilization of the autopilot to preve
collision with the Primary Vehicle

Images Courtesy: Bill Pisano
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Sub-Vehicle Autopilot Flight

SV CUPIC GPS Position for 50m Loiter Track

L L L r i

AAutopilot loiter circle 506452 N | Gos=visem]]

. — 39.843 ! t
tracking shows convergenceg /i \) | == Loiter
from deviations - /i b

) 'g 39.8426 \ ]

AWind causes repeated 2 ., WA Y/

. i,s ) N /
tracking error 20,8429 S

39.842
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SV CUPIC Tracking Error in 50m Loiter Track
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The minimal autopilot
can control the Sub
Venhicle
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Ground Station

Deployment

tronics & Software

Development Methods
APre-existing inhouse ground station
software heavily modified
AGround station written in MATLAB
interfacing toZigBeeawith RealTerm

Telemetry
AGPS positions of up to 5 vehicles
ASubvehicle data
AAutopilot status
APrimary vehicle data
ADeployment mechanism status

) MADS: Initialization Mode

~AMADS

Initial Flight Configurstion

) MADS: Flight Phase EEX
‘ MADS
FERDV
— AAM Airfield
5 Primary Vehicle
Packet# =754
Headin =90
-300 Longitude  =-105.2631781
= Lamu =40.0081174
= FI h S“ =3560'333
5 = ight Status =
i : E? el =004
= GPS Time [5]=16015.104
@ = Eiaﬂ \:’nlt =10.1381
3 A = =0.167 cm
D = arr DM 2 Pot =00972 cm
£ Autopilot =1 fo.- Landing DM3Pot =0229 cm
S 30 Batt Volts =806 DM 4 Pot =2 cm
= Lon Center =-105.2120770 Flow Meter =440 mL
3 Lat Center =39.842 RSS| =63 dB
o Altitude cmd =6577.216 PS =
£ 2 Loiter Radius =50
2 S8 =-49
@ Gy Temp [F] =44.2753
E=T) Throttle -900
2 i HK RSSI = 59 dB
L Flight Configuration
o
1
-500 40 -300 -200 -100 0 100 200 300 400 500 -500 l/ \.
—C 1ds Actuator Positions
Select Plane to Command: Last Command Sent: z 2
o
OIOIOIONORO! None £ sl
HBEE® v AL Z
Set New Afttude (m) E 4l
Set New Loiter Center Alt ‘ Clear All Paths g
N , F 051
Set New Lotter Radius (m). s
[ Radius - Land I Deploy | c L L L L
-30560 -3559.5 -3559 -3558.5 -3558 -3557.6

Deploymert Limitstions

—— Calibrate Actustors —— Alt: welocity: [

Min (m AGL) Min (i)

. ; ) so || |
Calibrate Release \ = o ," |
Sv3 : B ‘A 21 / sS4 et (m AGLY Ma [més)
— Inital Fuel Yolume (mL)— & -/ || | Sy2 [ o | |
Packet Mo, R35I (dBrm) Alk i) Batt () GPs Roll (deqg) Mote: Activate sub-vehicle
S {26 -51 2428 7908 Mat “alic 08 zervos and Zero senzors 1
Py [208 43 48623 101381 Mot W alid hgA, before leaving menu. Take-Off! ]
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Deployment Analysis

wDeployment dynamics need to be modeled
wAvoid primary vehicle strikes

Full System Stability Analysis

wAnalyze unusual geometry of system
wPredict aerodynamic capability

wEnsure stability such that it can be flown by an
RC pilot

25
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Deployment Model zq

AEnsure no collisions with the primary vehicle
AModelednont A Y SI NJ f 2y A3AGdzRAY I Reéyl YAOa&
of motion

Relative Motion of SV to SIG

0.2 S Wing 7]
Tt Uppér\S\’/, Wing Strut
o TN .
o2 i | Wheel Strut
_ ] ‘\4 heel Casing
E 04
— ~N c
ma’( - FX(q’a’g’T’ale) § 06 X 2:12 /
— = O  End
ma, =F,(d,2,9.T,d,) S .. eerted Zone /
=
3]
>

'
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|, @=M,(@.q9.a.d)

_1.4 % \
16 -14 -12 -1 -08 06 -04 02 0 02 04
Horizontal Motion (m)

AEquations integrated with explicit Euler method

AEach time step, all aerodynamic variables updated

ANumerous cases run with varying elevon deflection and initial conditions
APV strike is not an issue
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Deployment Test oq

AModel was compared with iflight deployment data
AAircraft would drop for 2 seconds to ensure separation from the PV
ASwitch to autopilot control

SV Distance from SIG during Autonomous Deployment *
2 T T T T

Oﬁ

2
E
. The drop model
c [ .
g Measured Data accurately predicts
~ dicted .
a Predelee e deployment dynamics

-8+

-10 - : - :

-0.5 0 0.5 1 1.5 2

Time [sec]

* Error bars frontl™ statisticaldistribution from static altitude data
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‘System Stability Model eoyment Avass

AConventional stability analysis tools utilize vortex lattice solvers
ASolvers fail to converge for complex and unusual geometries
ACurrent stability modeling requires wind tunnel with forced oscillation balance

ACan Computational Fluid Dynamics be used to estimate stability derivatives?
ANavierStokes CFD popular in aerodynamic design and research
ANew focus on Lattice Boltzmann Method (LBM)*
ADue to nature of equations, good for complicated geometries
ALBM is more numerically stable thalavierStokes CFD

AFast meshing/problem seip for complicated geometry due to
Immersed Boundary Technigues

F alaldSNDa ¢ PSnkdd Yo {IGRNY [2yFy ST KS {dzZA G 0Af AdGe 2F t26SNL[ h?

Z
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System Stability Model

ASolutiort Create Custom Stability Tool Using LBM
AUtilized the offthe-shelf LBM solvePowerFLOWo analyze stability
AForced oscillation simulations created in PowerFLOW
ACrosscoupled and linear stability derivatives estimateq (X, etc.) at
various airspeeds
AEach flight case takes ~2 weeks to run
ADue to time constraints, only the fedystem stability could be simulated

System Aerodynamic Data at Re = 680940

AEach simulation provides forces and i o~
moments in each of the three body axes |
AComplete drag polar can be estimated

02r R stall

Coefficient

¢ o e 43’9/0

O [
_0_2('_ r r r r r r r r r r
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