
Design of a Miniature
Aircraft Deployment System

Leah Crumbaker
Jason Farmer

Michael Gordon
Matt Lenda

Jeffrey Mullen
Scott Tatum

Travis Schafhausen
Kristina Wang

Project Customer
Prof. Eric Frew

Project Advisors
Prof. Bill Emery
Prof. Kurt Maute

http:// www.colorado.edu/aerospace/mads



Briefing Overview & Content

AIAA Region V Student Conference
2

Purpose
To present the Design of a Miniature Aircraft Deployment SystemAIAA Paper.
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Objective
Integrate a mechanism into an existing UAS 
that can carry and deploy four small sub-
vehicles on demand during flight

Purpose
ÅProvide a test platform for cooperative 
control protocols
ÅProvide a proof of concept that in-ƅƛƎƘǘ 
deployment of air vehicles and the overall 
dynamics associated with such an action is 
predictable and reliable
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1. Primary Vehicle (PV)
ÅOn-board electronics controls deployment through 

wireless commands from a ground station
ÅFlown by an RC Pilot

2. Deployment Mechanism (DM)
ÅConsists of mounting point for the SV and linear 

actuator for pin-movement release
ÅAttached to the PV with bracketing system

3. Sub-Vehicle (SV)
ÅCUPIC Autopilot commands the control surfaces and 

motor settings autonomously from mission commands 
given from the ground station
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ωSub-Vehicle selection

ωAttachment configuration and reinforcements

ωFinite element analysis models

ωVerification of models with structural testing

Attachment of Sub-Vehicles to Primary Vehicles

ωDesign

ωRobustness

ωFunctionality 

ωTest functionality in a vibration environment

Deployment Mechanism
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Configuration
ÅVehicle is mounted in flight ready 

configuration

Reasons
ÅRemoves complexity of designing 

foldable SV
ÅMinimizes possible failure points
ÅCOTS options available
ÅDeployment dynamics easily predicted

Chosen Vehicle
ÅSuper Fly
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Cantilever Beam Mounted 
Psuedo-Stacked Configuration

Reason
ÅHas largest available control margins 

in worst case load
ÅNo wing modifications
ÅFuselage easy to reinforce
ÅReduces structural complexity

Attachment Design Choice
ÅCantilever Beam

Location Selection
ÅNumerical drop model
ÅCFD aircraft stability model
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FEA Model
ÅEstimated worst-case aerodynamic forces and 

moments applied from each Sub-Vehicle
ÅNear-impossible flight condition with a 1.5 safety 

factor
ÅUsed ANSYS to design and determine estimated 

stresses in body wall
ÅIterative design process to maximize reinforcement 

strength and minimize mass

Boundary Conditions
ÅFixed beam ends
ÅLoads applied to body

Results
ÅExternal aluminum plate
ÅLƴǘŜǊƴŀƭ ѹέ ǘƘƛŎƪ ŀƭǳƳƛƴǳƳ ōƭƻŎƪ
ÅDoubles as retention device with use of set screws

ÅWithstands estimated worst-case loads
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* Measured with LVDT on a 12-bit ADC. Accurate to within 1.831x10-6 mm

*

ÅFEA model is validated.
ÅThe structure will support all 
4 Sub-Vehicles in flight with 
estimated in-flight maximum 
loads (with no gusts) 

ÅPurpose: Verify FEA model
ÅMatched boundary conditions in FEA model
ÅApplied load (to the fuselage of the aircraft)
ÅDisplacement from the bottom of the fuselage measured
ÅComparison to FEA model was used to verify the results
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Method
ÅPin-sleeve mechanism
ÅManufactured out of aluminum
ÅStainless steel pin for strength and decreased 

friction
Action
ÅLinear actuator

Benefits
ÅSemi-circle surface only allows pitching motion.
ÅFlat sides inhibit roll, yaw, and lateral motion

Actuator Mounting Bracket

Sub-Vehicle Mounting PointAssembled Deployment Mechanism
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Linear Actuator

Deployment Mechanism

Linear Actuator Mount
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Testing Results
ÅVibrations from 0Hz to 150Hz (max expected forced frequency from engine running at 
9000rpm)
ÅDeployed 121/124 times.
Å95% confidence for non-aerodynamic loads in a vibration environment

ÅFailed at 5HzτVibration mode of the beam predicted by ANSYS modal analysis
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ωCommunication protocol is IEEE 802.15.4 (ZigBee) utilized 
due to pre-existing technology on the autopilot

ωPrimary vehicle

ωSub-vehicle

ωGround Station

Wireless Communication

ωGround station sends deployment command to the primary 
vehicle

ωPrimary vehicle initiates sub-vehicle deployment sequence 
once all failsafe conditions have been met

Deployment Process
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Linear Actuator
ÅOperates at +/- 5V to extend and retract (unlike PWM controlled 

servos)
ÅInternal potentiometer relays pin position data

Linear Actuator Control Board
ÅDesigned custom control boards
Å5-MOSFETfor current control to retract/extend actuator
ÅExternally-mounted Manual Override System on the primary 

vehicle for ease of mounting Sub-Vehicles

Sub-Vehicle
ÅOutfitted with in-house CUPIC autopilot

Primary Vehicle
ÅOutfitted with CUPIC hardware with the software stripped

Image From: http://www.firgelli.com/ 
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Sub-Vehicle

CUPIC

XBeeRadio

Servos/Throttle

GPS

Roll Gyro

Altimeter

Primary Vehicle Ground Station

Wireless Communication
Wired Communication

Legend

CUPIC

Actuators

Realterm&
ActiveX

Ground Station 
GUI (MATLAB)

XBeeRadio

Potentiometers

GPS

Flow Meter

XBeeRadio
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ÅThe Primary vehicle utilizes an 8-bit PIC microcontroller
ÅEquipped with ZigBeecommunication, GPS receiver, and pressure transducer

ÅControls the deployment of the Sub-Vehicles through the linear actuator control boards
ÅRetracts the pin and monitors pin position data
ÅAble to command the Sub-Vehicle to begin its deployment sequence

ÅTelemetry is streamed to the ground station
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ÅSub-Vehicle is outfitted with the CUPIC Autopilot, developed by CU PhD Student Bill Pisano
ÅDevelop autopilot with minimal sensors

ÅPIC18F Microcontroller integrates GPS, roll gyro, pressure sensor, and XBeeradio
ÅInterrupt-based controller: 100Hz Low Priority, Asynchronous High Priority

ÅHeading rate controlled by roll angle
ÅAltitude controlled by throttle

ÅUtilizes Lyapunovvector field to track predetermined loiter circle
ÅIncludes autonomous landing and deployment sequences
ÅDeployment sequence combines roll and pitch stabilization of the autopilot to prevent 

collision with the Primary Vehicle

Images Courtesy: Bill Pisano
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ÅAutopilot loiter circle 
tracking shows convergence 
from deviations
ÅWind causes repeated 
tracking error

The minimal autopilot 
can control the Sub-

Vehicle
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Development Methods
ÅPre-existing in-house ground station 

software heavily modified
ÅGround station written in MATLAB 

interfacing to ZigBeewith RealTerm

Telemetry
ÅGPS positions of up to 5 vehicles
ÅSub-vehicle data
ÅAutopilot status
ÅPrimary vehicle data
ÅDeployment mechanism status
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ωDeployment dynamics need to be modeled

ωAvoid primary vehicle strikes

Numerical Deployment Model

ωAnalyze unusual geometry of system

ωPredict aerodynamic capability

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

Full System Stability Analysis
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ÅEnsure no collisions with the primary vehicle
ÅModeled non-ƭƛƴŜŀǊ ƭƻƴƎƛǘǳŘƛƴŀƭ ŘȅƴŀƳƛŎǎ ǳǎƛƴƎ bŜǿǘƻƴΩǎ ŀƴŘ 9ǳƭŜǊΩǎ Ŝǉǳŀǘƛƻƴǎ 
of motion

ÅEquations integrated with explicit Euler method
ÅEach time step, all aerodynamic variables updated
ÅNumerous cases run with varying elevon deflection and initial conditions
ÅPV strike is not an issue
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SV Distance from SIG during Autonomous Deployment

 

 

Measured Data

Predicted Data

*

* Error bars from ±1 s̀tatisticaldistribution from static altitude data

ÅModel was compared with in-flight deployment data
ÅAircraft would drop for 2 seconds to ensure separation from the PV
ÅSwitch to autopilot control

The drop model 
accurately predicts 

deployment dynamics
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ÅConventional stability analysis tools utilize vortex lattice solvers
ÅSolvers fail to converge for complex and unusual geometries

ÅCurrent stability modeling requires wind tunnel with forced oscillation balance

ÅCan Computational Fluid Dynamics be used to estimate stability derivatives?
ÅNavierStokes CFD popular in aerodynamic design and research
ÅNew focus on Lattice Boltzmann Method (LBM)*
ÅDue to nature of equations, good for complicated geometries
ÅLBM is more numerically stable than NavierStokes CFD
ÅFast meshing/problem set-up for complicated geometry due to 
Immersed Boundary Techniques

ϝ aŀǎǘŜǊΩǎ ¢ƘŜǎƛǎΥ IŜǊǊƳŀƴƴΣ DominikΦ ά{ǘǳŘȅ ƻŦ ǘƘŜ {ǳƛǘŀōƛƭƛǘȅ ƻŦ tƻǿŜǊC[h² ŀǎ ŀƴ 9ŘǳŎŀǘƛƻƴŀƭ 9ƴƎƛƴŜŜǊƛƴƎ 5ŜǎƛƎƴ ¢ƻƻƭ ŦƻǊ ¦ƴŘŜǊƎǊŀŘǳŀǘŜ {ǘǳŘŜƴǘǎΦέ
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ÅSolutionτCreate Custom Stability Tool Using LBM
ÅUtilized the off-the-shelf LBM solver, PowerFLOW, to analyze stability
ÅForced oscillation simulations created in PowerFLOW
ÅCross-coupled and linear stability derivatives estimated (Nɸ, Xr, etc.) at 
various airspeeds
ÅEach flight case takes ~2 weeks to run
ÅDue to time constraints, only the full-system stability could be simulated

ÅEach simulation provides forces and 
moments in each of the three body axes 
ÅComplete drag polar can be estimated
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