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1.0 ProjectObjectives and Requirements
LeadAuthor: Travis Schafhausen
Co-Author: Matthew Lenda

1.1 Goal

MADS will design, manufacture, and test a deployment system (DS) designed to
integrate into an existing Unmanned Aircraft System (UAS) to carry and deploy four
SubVehicles (SVs) on demand during flight. The purpose is to provide a research
platform for cooperative controls development, and also to provide a proof of concept
that inflight deployment of other air vehicles, and the dynamics associated with such
an acion, can be controllable and reliable.

1.2 Background

The value of unmanned aircraft systems (UAS) as a platform for sensing and data
collection is quickly becoming apparent. The addition of smaller, task specific,
deployable aircraft to these systems isvrigeing considered to further extend their
capabilities. Deplgable Subvehicles (SVs)are most applicable in datallection
situations that are dangerous or difficult to access for human obsenegpecially if

the SVs are designed as disposable codities. Severe weather and wildfire
observation and trackingre specific example of such applicatios. Olservers would

be able to sendnaunmanned aircraftowardsthe event of interest which wouttien
deploymultiple SVsto collect data.Multiple SVs allow for faster or larger search area
coverage and characterization, or for several different instruments to be utilized at once
for data collection. The information would then be relayed battkoughthe primary
vehicle PV) to observer®nthe ground

The Research and Engineering Center for Unmanned Vehicles (RECUV) at the
University of Colorado at Boulder (UCB) desires the development of a deployable
aircraft. It has supported several projects attempting to develop a deployable iaircraf
the past namelythe senior design projeci3-SUAVE (Deployalde Small Unmanned
Aerial Vehicle Explorer, AY 2002007) and MARS (Meteorological Aerial Resdarc
Sonde, AY 20058006). These projects were not able to achieve tbbjectives due to

a loss of focus onthe deployment systemnbdiverables, ovedesign ofthe remaining
system features, andeam dynamicsissues. TheMiniature Aircraft Deployment
System (MADS) senior design projegrovides an opportunity to escope past
projects and concentraspecificallyon thedeployment systemMADS will develop a
system for integration with a radio controlled (RC) RECUV aird@ftarry and deploy

four SVs in flight.
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While the exact MADS platform may not be completely translatethéo mission
envisicned abovea successful fulfilment of current objectives would provide baseline
work for future modifications of different PVs and SVs. This application is
particularly valuable to RECUV, since this datallection ability would allow RECUV

to develop ew projects and expand their partners and clientitles also particularly
applicable to the research interests of the customer, Prof. Eric Frew, whose research
involves, but is not limited to, autonomous flight of unmanned aircraft systems, optimal
distributed sensing, and cooperative mobile systdis

1.3 Objectives

The primary objective for this project is to design a deployment syfstemtegiation

with a given RECUV RC Aircraft (SIG Rascal 11hatis capable of carrying and
deploying four SVs in flight. Deployment of the SVs must bedemand via a
command from the ground station, and the system must not significantly degrade the
performane or flying qualities of the PV. As proof of concept, at least one SV will be
flight-capable.

The PV will be flown under RC control and will takeoff with all 4 SVs attached to the
DM. TheSVs mustbe capable ofautopilotcontrolled flightupon deployment from the
PV and must fulfillan endurance requiremerifter the flight,the PVand theSVswill

land at a designated location and be picked up by the operatdffgja space and
power will be provided on th8Vsfor any experiments arcommunication systems that
may be used in the future.

For project success, a working deployment mechanism anéligimecapableSV will
be delivered to the customer.

1.4 Top Level Requirements

The MADS project is driven by 4 project level requirements #énatderived from the
customer requirements and expectations. From these project level requirements, 8
system level requirements were designed to define the top level system performance
and functionality to meet the project level requirements.

1.4.1 ProjectLewl Requirements
Table 1-1: Project Level Requirements

Requirement Statement Parent Type

0.PRJ.1 Thedeployment mechanisshall be able Customer Functional
to carry anddeployfour SVsin flight. Performance

0.PRJ.2 The PV shall be thRC aircraftSIG Customer Constraint
Rascal 110.

0.PRJ.3 The team shall deliver oriight capable Customer
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SVin spring 2009.

0.PRJ.4 The PV and SVs shall abide by all rule: Customer Constraint
and regulations enforced by the FAA Performance
Academy of Model Amnautics.

1.4.2 System Level Requirements

Table 1-2; System Level Requirements

Requirement Statement Parent Type

0.SYS1 The PV shall have a minimum flight 0.PRJ1 Performance
endurance of 1hinutes, +/1 minute, 0.PRJ2
with the full deployment system
attached.

0.SYS2 The SV shall have a minimum 15 0.PRJ3 Performance
minute, +f 1 minute, posteployment
flight endurance.

0.SYS3 The SV shall have a minimum airspee 0.PRJ3 Performance
of 5m/s, +£ 0.1 m/s.

0.SYS4 The SV shall utilize the GPRtBtegrated 0.PRJ3 Interface
autopilot chips (CUPIC).

0.SYS5 The deployment system shall not 0.PRJ1 Functional
decrease the stability and handling 0.PRJ2
characteristics of the PV such that it
cannot be flowm by an experienced RC
pilot during all mission phases.

0.SYS6 The deployment mechanism shall 0.PRJ1 Interface
deploy each SV on demand.

0.SYS7 The PV shall land if an SV fails to 0.PRJ1 Functional
release.

0.SYS8 The systenshall only be flown in fair  0.SYS1 Performance

weather conditions.




Miniature Aircraft Deployment System MADSSYSPFR
Project Final Report

2.0 System Architecture

LeadAuthor: MichaelGordon
Co-Author: Jeff Mullen

2.1 Background

Themission of MADS is to develop systemfor a RECUV vehicleo carry and deploy

four SVs capable of sustained flight. Similar projects have been attempted by previous
senior design groups, namely;SVAVE (Deployable Small Unmanned Aerial Vehicle
Explorer, AY 20062007) and MARS (Meteorological Aerial Research Sonde, AY
20052006). Since the objectives of previous attempts were not met either due to loss
of focus on their deliverables and ovdesigning their remaining system or struggling
with team dynamics, MADS provides an opportunity tesdepe past projects and
concentrate otheDS.

The MADS design will provide a test platform that will allow the customer to develop
and testcommunication protocols among multiple aircrafs well asalgorithms
concerning the optimization @boperation betweemultiple aircraft. This applidaon

and union of technologys particularly valuable to RECU\As this datacollection
ability would allow for the development of new projetisis theexpansion otheir
partners and clientele.

2.2 System Organization

The MADS architecture is divided into four major components, the first of which is the
primary vehicle, which carries the deployment mechanismystitles, and command
and data handling componentBigure2-1 depicts the connections between each of the
subsystems, and the sabbsystems involved in each.
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Figure 2-1: System Functional Block Diagram

2.3 System Design
Figure 2-2 shows the final system integration of the primary vehicle, thevshizle,
and the deployment mechanisms.

Figure 2-2: PV, SV, and DM Assembly
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2.4 SubSystem Designs
2.4.1 PrimaryVehicle
The PV for this project will be the SIG Rascal 110 as definethbyproject level
requirementsSectionl.4.1). An RC pilot will control it during each phase of flight.
It will be propelled using a Zenoah G26 EI engine with the stock fuel tank. The
structural interface between the PV ab will consist of four aluminum beams
extending from the body, reinforced on the interior of the fuselage as seejuie
2-3. This allows the beas to be removable as they screw into the connector blocks

Figure 2-3: Primary Vehicle Fuselage with Support Structure

2.4.2 Deployment Mechanism

In order to control deployment as well as communicate wittgtband station, the

PV will carry a reprogrammed CUPIC. The mechanism itself incorporates three
major components a linear actuator (thEirgelli PQ12), acustom PCB using five
MOSFETSsto control the actuator, and a custdesigned restraining device seen in
Figure2-4. The actuator chosen uses a potentiometer to measure poditioim will

be streamed through the PIC down to the ground station to validate deployment.
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Figure 2-4: Deployment Mechanism Assembly

2.4.3 SubVehicle

The MADS subvehicle will be the SuperFly{gure 2-5) controlled by the CUPIC
autopilot, which will stream GPS data to validate flight conditions. In order to safely
deploy, an idle state will be created oe tBUPIC as well as mll/pitch controlled,
throttle-less control routine to safely navigate the swghicle from the primary
vehicle upon deployment. The Thunder Power RC 2.1 A*hr battery will supply
power to all SV electronics for the duration of thght.

Figure 2-5: SuperFly RC Aircraft with CUPIC
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2.4.4 Command and Data Handling Center

The final subsystem is the command and data handiirmpmprised by a ground

station and aircraft mounted CUPICs. The ground station contanoslified version

of Bi | | Pi sanods MATLAB GUI to control t h
deployment routine, validatiinctionality of the mechanismand cotrol the loiter

stations of the sukehicles. It will alsanterpretthe GPS data streamed from the SVs

and each of the act.uatordés position in rea
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3.0 Development and Assessment of System Design Alternatives

LeadAuthor: Scott Tatum
Co-Author: Kristina Wang

3.1 SystemRequirements

The MADSdesign developed from the requirements present&tationl.4.2 These
requirements led to many ide&w the system design and are discussed in detail in
Section3.2

3.2 Configuration Design Options

The first design choice that would have the larg@pact on the overall design of the
MADS project was the configuration and attachment of the SVs to the PV. The
attachment to the primary vehicle wlasoken down into two considerationsiernal

and external. The configuration of the SV had two desigtions under these
considerationscompacted onornrcompacted, and contained or-contained All of the
possible design architectures are showhigure3-1. Thedarkerboxes down the right
show the selected design path.

Primary/Seconday
Vehicle

' I

External

Internal

|
¥ ¥ ¥ 2

Compacted Sub-
Vehicle

—

MNan-compacted Sub-
Vehicle

s

Compacled Sub-
Vehicle

P

MNon-compacted Sub-
Vehicle

——

Contained

Uncontained Coantained Uncontained Contained Uncontained Contained Uncontained

Figure 3-1: All PV -SV Architectures

This diagram was constructed startiagthe PV, which is defined by the ocmister
requirements.The highestevel design option is the location of the SVs with respect to
the PV. They may be mounted by an external attachment to the PV or stored internally
within the PV. The next optiorconsderswhether the SVs are stored in a compacted
(i.e. folded or roHup wings) or norcompacted (i.e. standard configuration) state prior

to deployment. The last SV option was whether or not they were carried and deployed
from a container or fairing. Theesign path was chosen using the design metrics of
endurance reduction to the PV due to added naakieddrag, the number of items that
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would require a new design, required time, and the cost. These results are shown in
Table 3-1: Primary Vehicle and Sub-Vehicle Attachment Configuration Trade Study

Table3-1.
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Internal configurations were eliminated aslesign choice based on the fact that the
internal volume of the PV would severely limit the size and placement of the SVs. Even
though this configuration would reduce drag, the SVald/meed to be on the scale of
micro ar-vehicles (MAVs), which wouldrequire additional resources and time to
design and fabricate the plaaadcould possibly overshadow the project foausthe
deployment mechanism.

3.3 Deployment Mechanisms Design Options

The other major system design option under consideratamihg type & deployment
mechanism. The DM design choices could be passive or aatnEfunctioning as
either mechanical or nemechanical. The possible design configurations are shown in
Figure3-2, with the final design choice being a passive mechanism.

Deployment
Mechanism
¥ L4
Active Passive
Mechanical MNon-Mechanical Mechanical Non-Mechanical
Deployment Deployment Deployment Deployment
Mechanism Mechanism Mechanism Mechanism

Figure 3-2: Deployment Mechanism Architectures

An active deployment mechanism is one that would impart ditiadhl force, other
than gravity and aerodynamic forces, on the SV to force it away from the AV.
mechanical deploymemhechanism would consist of a physical attachment with pins,
hooks, etc. to attach and deploy the S\Wornrmechanical would consistf can
electromagnet or an electrostatic forcEhe design metrics for the DM are the power
required, the mass, complexity, and coBhese design options are examined in a trade
study inTable3-2.

11
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Table 3-2: Deployment Mechanism Trade Study
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The active mechanical DMs were ruled out as a design option because the active part
of the systen adds complexity to any design. The passive design option was chosen
because it minimizes mass and testing time, as well as simplifies the DM. The choice
of mechanical or namechanical will be more thoroughly discussed in Se&ion

12
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4.0 System Desigio-Specifications
LeadAuthor: Kristina Wang
Co-Author: Leah Crumbaker

4.1 Purpose

System Desigito-Specifications are derived from requirements #&ach design
element that is to be developed in the project. The selection of design options is based
upon Desigrto-Specifications, which includes details addressing system architecture,
functional elemets of the project, preliminaryperformance paramete and
components that must be acquired for the project.

4.2 Performance Desigio-Specifications

The Performance Desigon-Specifications are the basis for flight characteristics and
opemtional design of the systemThese specifications determine the power
configuration for each vehicle, as well as payload capacity. Aerodynamic stability of
the system is also dependent upon power and structural configuration, and can be
designed according to these specifications.

4.2.1 Primary Vehicle Endurance

The PV shall ave a minimum flight endurance of 15 minutes (0.SYS1) with the
deployment system. This DesimSpecification directly relates to the fuel capacity
and aerodynamiccharacteristics of the systeniThus, with this endurance
requirement, design limitationseaplaced upon propulsion selection for the PV (fuel
consumption, fuel capacity, etc.), as well as lift and drag characteristics of the DS.

4.2.2 SubVehicle Endurance and Airspeed

The SV shall have a minimum ped¢ployment flight endurance of 15 minutes
(0.SYS2) with a minimum iaspeed of 5 m/s (0.SYS3)n conjunction with the
aerodynamic characteristics of the SV, this Des$@Bpecification determines
propulsion system selection for the SV (motor, motor controller, battery, and
propeller), as well as paydd capacity of the vehicle.

4.3 Functional Desigro-Specifications

The Functional Desigto-Specifications define the operationalaracteristics of the
system.These specifications determine handling procedures while operating the system
in flight.

4.3.1 Sysem Stability
The deployment system shall not decrease the stability and handling characteristics of
the PV such that it cannot be flown by an experienced RC pilot during all mission

13
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phases (0.SYS5). The stability is highly dependent upon DM and SV cratfan.
This Designto-Specification ensures that the stability derivatives of the entire system
describe a stable aircraft configuration.

4.3.2 SubVehicle Stability

The SV shall be capable of stable flight endautopilot control (1.SYS1)This
Designto-Specification ensures that any modifications made to the SV (stock parts
replaced, CG alteration, etc.) will still yield a stable system that can be flown with the
specified autopilot.

4.3.3 Deployment Failure Procedure

The PV shall land if an SV fails to relea@eSYS7). In the event of an unsuccessful
deployment, the system must be able talleggardless of configuratioithis could
occur at any point of the mission profile, which means the configuration for the
system must be stable (and able to land) wii, dwo, three, or all four SVs attached
to the system.

4.3.4 Flight Conditions

The system shall only be flown in faveather conditions (0.SYS8}ince the system

is not designed to handle turbulent or extreme weather conditions, the stability of the
aircraftis only verifiable in specified winds and temperatures. This is also to ensure
proper functionality of all system electronics and hardware with specified operating
temperature ranges.

4.3.5 OnDemand Deployment

The deployment mechanism shall deploy each Sdemmand (0.SYS6). Thidesign

to gecification results in bottbM and CDH design limitationsthe telemetry
between ground operations and the DM as well as the mechanical and electrical
operations of the DM must be able to accommodatéesnand deployment

14
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5.0 Development and Assessment Subsystem Design Alternatives
LeadAuthor: Scott Tatum
Co-Author: Kristina Wang

5.1 Subsystem Requirements

The individual subsystems each have specific requirements giveSeation 4.0.
Multiple designs were examined to fulfill these requirements. The chosen design and
the design alternatives for each subsystem are examined further in the following
sections.

5.2 SubVehicle

The subvehicle choice for MADS has a large impact on the rest of the design. The size
and shape would affect the mounting locations on the PV, the endurance reduction to
the PV, the type of deployment mechanism that could be attached, dtwragen of

the CUPIC, and payload capacity.

The first decision to make was whether or not to use a COTS aircraft forelsicke.

The advantages of a COTS plane are the availability, low cost, and ajneay

flight capabilities. The primargisadvantage of COTS is the unknown aerodynamic
characteristics, which will have a large impact on the PV during flight. The advantages
of a nonCOTS plane is that it could be designed to the specific performance
parameters for the project requirementse Tisadvantags are the cost, time to design
andmanufacture, and unknown flight capabilities. Because of the project focus on the
carrying and deployment of the SV (and not on the SV design), COTS planes were
selected. For this choice, the fladown metics of dimensions, payload capacity, and
power were examined for the considered COTS aircratft.

5.2.1 Dimensions

The dimensions of the SV were a large driving factor in the choice of the SV.
Because there is a limited amount of space that the SVs can be mtmutiiedPV,

this limited the wingspan dimensions of possible aircraft. From this, three main
aircraft were examined more -@epth as the possible SV: the SuperFly, the
HyperFlea, and the Mini Delta ARF. The properties of these are givisibie5-1.
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Table 5-1: Sub-Vehicle Properties

SuperFly[2] Hyperflea [2] Mini Delta ARF [3]
A ) |
é—‘- » éi;‘i
Mass (RTF) 310320 g 185195 ¢ 190 g

Power (stock)

Battery: 1500 mAh, 7.4
\

Battery: 900 mAh, 7.4V
Motor: 18 A

Battery: 350 mAh, 9.6
\

Motor: 18 A Motor: 57 A
Wingspan 0.686 m 0.559 m 0.480 m
Available Planform Planform Limited cargo bay
Payload Volume
Endurance 15+ min 10+ min 6+ min
Max Velocity >5m/s >5 m/s >5 m/s

All three of the aircraft presented have a wingspan lessGffameters, about ¥ of

the PV wingspan, which would allow fordo SVs to be mounted wingtip-teingtip
beneath the wing and not present a larger area than the P\itseligThe Supdtly

has the largest dimensiontthe three choices, but this larger size provides a greater
endurance and payload capacity. The HyperFlea is a scaled down version of the
SuperFly, which has a shorter endurance. The Mini Delta ARF isrihlest of the

three vehicles, which would allow for the most mounting possibilities for the CUPIC
and payload.

5.2.2 Payload Capacity

The payload capacity of the SV was another concern that needed to be examined. To
maximize the lifting capacity of the SV, a greater overall lifting surface is needed.
There also needs to be room either within the payload bay of the &l surface

to mount the payload. The SuperFly and HyperFlea use the entire wing area as a
storage location rather than having an internal cargo bay like the Mini Delta ARF.
This design on th8uperFlyand HyperFlea allows for almost unrestricted area to add
the CUPICand an additional payloadThe cargo bay on the Mini DeltARF is
designed to hold the stock battery and receiver, and does not have much additional
space for extra hardware or an extra battery. This limits the ability to add a payload to
the Mini Delta.

5.2.3 Power

The power requirement for the SV stems from the requirement that the SV shall have
a flight endurance of 15 minuteSedction1.4.2. As seerin Table5-1, the SuperFly

has a stock flight configuration that will allow for a flight of greater than 15 minutes.
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The other two vehicles will not eet this requirement in a stock configuration, and
would require a different battery and motor.

5.2.4 SubVehicle Selection

From the examinations of the dimensions, payload capacity, and power, the design
choice for the SV is the SuperFly. It provides the naestign options for endurance

and payload capacity. The power configuration is modular, allowing for a larger
battery if needed. The SuperFly is also very similar in design and the same in controls
as the Stryker 27, which is proverto be controlled byhte CUPIC[4]. If it is
determined that the SuperFly will not work because of its large size, mass and drag,
the HyperFlea will be the offamp seletion because it will have nearly the same
aerodynamics of the SuperFly but will reduce the size, mass, and drag. Further
analysis into theharacteristics of the SuperFthe mounting, power, and control are
examined in the Mechanical, Electricahd Sétware Design ElementSections(8.0,

9.0, 0).

5.3 Primary Vehicle

The primary vehicle is the Sig Rascal 110 as dictated byptbgct requirements
(Section1.4.]). The system level requirements dictate that the PV must also maintain a
15 minute endurance with the deploymegstem attachedSéction1.4.2. The PV

also needs to remain aerodynamically and structurally stable with the deployment
system attached. Fromhdse requirements, the design metrics of attachment
configuration, bracketing and reinforcements, and propulsion were examined.

5.3.1 Attachment Configuration

The primary concerns of the added attachment configurations of the SVs to the PV
are the effects orhé aerodynamic stability and the possibility of PV strike upon
release. Three separate mounting configurations were considered: sworgimytip,
noseto-tail, and a pseudstacked configuration shown kgure5-1-Figure5-3.
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MADSSYSPFR

Back View
Side View
SV
Wheel
Bottom View

Figure 5-1: SV Configuration Wingtip -to-Wingtip

Back View

1

Wheel

Bottom View

Figure 5-2: SV Configuration PseudeStacked

Back View

Side View

Bottom View

Figure 5-3: SV Configuration Noseto-Tail
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PowerFLOW analysis of each configuration was performed to determine the
controllability of the PV with the SVs attached. This analysis was done with the
worstcase loading scenario of two SVs on one side and none on the other. It was then
determined how nth of the control surfaces would be required to maintain level
flight of the PV, as well as how much was left for maneuvering the PV. The extra
margins are given ifable5-2.

Table 5-2: Control Surface Margins in Worst-Case Loading

Wingtip-to-Wingtip PseudeStacked Noseto-Tail

Aileron Margin  10% 10% 10%
Rudder Margin  30% 28% 30%
Elevator Margin 90.55% 83% 95%

Because the Sig Rascal 110 is a saambbatic plane, these margins are all
determined ample to control the plane and are relatively similar for each flight
condition.

The advantage of the agtip-to-wingtip configurationis that the SVs are oriented

close to the CG of the PV. The disadvantages are that the uneven loading creates a
large yawing moment about the-akis of the PV, and that the SVs extend past the
wing of the PV, forming a secoady, large lifting surface on the PV which could
severely alter the flight characteristics of the PV.

The advantages of the psetgtacked configuration are adjustable placement to avoid
PV strike, and the minimization of yawing moments due to unevetingdbecause

of the proximity to the PV body). The disadvantage to this configuration is that it
requires a deployment sequence (the lower SV must be deployed before the upper
SV). There is no added problem if the lower SV does not deploy, because the
requirements dictate that the P¥all land ifdeployment fails.

The advantages of the nesetail configuration are the reduced yawing moment in
uneven loading case and reduced drag from a smaller frontal area. There are no
aerodynamic disadvantages fbetnhoseo-tail configuration.

5.3.2 Bracketing and Reinforcements

The next design problem of the mounting configuration is the required bracketing
structure and reinforcements that would be needed to mount the SVs to the PV. Two
main variations were examined: a truss structure and a cantilever beam mounting.
The differen designs were examined for each configuration presented in Section
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5.3.1 To make for ease of transportation, the design must also be remoeablinér
structure.

For the wingtipto-wingtip configuration, a truss structure is preferred because of the
length of the beam and the forces and moments it would be transferring to the body of
the PV at the fuselage. An example of a possible truss wteuist show inFigure

5-1. The advantage of this truss structure is that it would transfer neente at the
mounting locatiod only forces, which wouldrequire less reinforcement. The
disadvantages are the large mass addition (including a mount to the wing that would
be required), and that the existing wing strut may need to be modified. This would be
a complex structure that could cause many designearabduring the integration and
fabrication stage, and would require a detailed knowledge of the PV wing structure
which would be hard to determine. The design of a removable truss structure could
also prove difficult with the number of parts and the &itaent.

The pseudatacked configuration would require a cantilever beam mount, because a
truss structure would be very complicated and could interfere with the deployment. A
figure of one possible arrangement is showigure5-2. The advantages are that the
cantilever beams would require less overall reinforcement because it would only be
supporting one vehicle per beam, the placement is adjustalie s®ams could be
mounted at a desired location on the PV, and there would be no need for
modifications to the original wing strut. The disadvantages are that the moments
created by the SVs are transferred to the PV, and there would need to be fatesepar
reinforcement locations on the PV for each mount. This design would be simple to
produce and analyze, and could be easily designed to be removable at the root
attachment point.

The nosedo-tail configuration would require a truss structure becausandilever

beam would need to be angled, and this would produce large moments on the PV,
requiring major reinforcements for the structure. A possible design of this truss is
shown inFigure5-3. The advantage of the truss structure is the same as the wingtip
to-wingtip configuration, in that no moments are transferred to the PV structure. The
disadvantages are that a very complex truss structure woedtitode designed and
analyzed, it would require a-I3 hinge which is difficult to find or manufacture,
additional forces are added to PV wing, and the wing strut may require modification.
This design also has the same concern of wirtgtwingtip configuration that a
removable design would be difficult.

To ensure that the bracketing and reinforcements would be able to support the SVs in
flight, several materials were considered. A primary design parameter on the material
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selection was the density of theterial in order to limit the weight of the attachment.
Because of this limitation, Aluminum 6061 acdrbonfiber were examined. The
material properties are given Trable5-3.

Table 5-3: Bracket Materials
Tube Material Density (g/cc) Axial Yield Strength (MPa)
Carbon Fibef5] 1.80 3500
Al 6061[6] 2.85 275

From the table it can be seen that carbon fiber has a lower densihyghed yield
strength. However, carbon fiber requires specialisehufacturing and assembly
needs. Aluminunis much easier to machine and work wahowing a greater ability

to adapt it to the specific use. The final material analysis and choice is developed
further in Meclanical Design Elements (SectiBr0).

The materials for the PV structural reinforcements were examined as well. The
materials considered were plywood, balsa wood and aluminum. The material
properties are given imable5-4 and the aluminum material properties can be found

in Table5-3.
Table 5-4: PV Reinforcement Material Properties
Material Density Shear Strength Ultimate Yield Strength
(g/cc) (MPa) (MPa)
Plywood|6] 0.30.6 1.9 31.0
Balsa Wood6] 0.160 1.1 1.0

Balsa wood has the lowest density, so it would add the least mass to the overall
structure. However, it is limited in the amount of stress that it can take. Plywood is
an aceptable choice because it is strong and lightweight. Aluminum is the strongest
of the materials, but also the heaviest. Because the design must be removable, an
attachment point is needed to the bracket to the structure.lufninum would be the
easiesto machine the attachment point into the reinforcement.

5.3.3 Configuration Choice

After examining each possible configuration, the psestdoked configuration with a
cantilever beam was selected. It leaves the PV ample stability and controllability even
in the worstcase loading scenario, while requiring the simplest attachment design. It
also provides flexibility in the mounting location, allowing strategic placement to
avoid PV strike, as well as the ability to be removed. If it is determined through
farther analysis that the pseudtacked configuration will not work, the efdmp
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design will be the nosw-tail configuration. Further analysis of this configuration
and the required reinforcements are given in theldaical Design Elements Section
8.0.

5.3.4 Propulsion

Although the Sig Rascal 110 is a kit aircraft, {h@weplant is modular. Several
different engine and fuel tank combinations were exanhitdo meet the requirement
of 15 minute flightenduranceA table of the possible engines for the Sig Rascal is
given inTable5-5.

Table 5-5: PV Engine Options

Engine Name Weight Power Price Power to Weight
(9) (W) Ratio (W/g)

0.S. FS120SE 944 1416 379.98 1.50

Surpass

0O.S. FS120 11 1000 1566 419.97 1.57

Surpass

SuperTigre G-2300 1077 2759 149.99 2.56

Dual BB Ringed

0.S. 160FX Ringed 930 2759 279.99 2.97

Zenoah G26 1483 1454 299.99 0.98

Electronic Ignition

The first four engines ifable 5-5 are Nitro engines with glow plugs. The fifth, the
Zenoah G26, is a twstroke gasoline engine. There are advantages and disadvantages
to each. The Nitro engines are lighter weight than ttseegayines and have a higher
powerto-weight ratio. However, the gas engines are much more fuel efficient
allowing for less fuel to create the power.

The primary engine choice is the Zenoah G26 because of the fuel efficiency. The off
ramp choice for thergine is the O.S. 160FX Ringed because it has the largest
powerto-weight ratio. A more detailed analysis of the engine and propulsion system
and how it meets the endurance requirement is given in the MechanicghDesi
Elements Gection8.0).

5.4 Deployment Mechanism

The deployment mechanism and the deployment syaterthe primary focus of the
MADS project focusing on the ability to deploy the SVs in flight. Once the SV was
selected, different designs for the deployment mechanism were developed on how to
attach the SV to the bracketing structure. As discussed in thendyBesign
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Alternatives (Section3.3), there are two main categories for the deployment
mechanism style: mechanical and froachanical.

To further develop the options and design of the DM, either a mechanical er non
mechanical DM must be selected. The selection was based on power and mass
analysis. The power properties of each are examin&ebie5-6.

Table 5-6: Deployment Mechanism Power Analysis

Mechanism Type Power Amperage Voltage (V) Mass

Requirement (mA) (kg)
Electromagnetic whole flight 166.67 12.00 1.63
Electrostatic whole flight <1 1000 1.4
Mechanical pin w/ single pulse 250 4.8 1.5
servo

The noamechanical systems require power for the entire duration of the flight. This
power requirement adds additional mass either in the form of batteries or large
capacitors for the electrostatic system. The mechanical system only requires a short
duraton pulse to activate the mechanism.

The benefits of a mechanical system are the short and small power requirement and the
secure hold of a mechanical system. The disadvantages of a mechanical system are the
unpredictability of friction and the added whktgof the physical attachment. The
advantages of the electromagnetic system are the large forces that can be produced and
the binary attachment. The disadvantages of an electromagnet are the large mass of the
battery and wires and the magnet itself anel lnuge power draw. The electrostatic
option is beneficial because it can produce large forces with no power draw, and does
not weigh as much as the other systems. The disadvantages are that it operates at very
high voltages (which could present some safmpcerns), and the forces are very
sensitive to changes in distance that could result from vibrations: gusts and shocks
could cause premature deployment.

Based on this trade study, a mechanical deployment mechanism was selected because
of the low power equirement and lower risk of accidental release. The mechanical
deployment mechanism was then broken down further into the design metrics of power,
mass, load, and stability. The three designs ofkfaeve, twin loop, and-Boint will be
examined further.

The pinsleeve configuration consists of a sleeve that slides over a matching-mount
point on the SV, and the two are held together with a pin which is removed by a servo
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or linear actuator. This mechanism has less moving parts and needs only one point of
contact on the SV. One example of a-gi@eve configuration is shown gure5-4.

Figure 5-4: Pin-Sleeve Deployment Mechanism

The pinsleeve only has one possible failure point and constrains a partial deployment
scenario. The pHsleeve, however, needs to be larger to support the SV at one point and
this adds additional mass to the SV for theunesgl reinforcements.

In the twin loop design, the SV will be restrained with two loops on the SV, a
restrictive bar on the strut, and a pin which would slide through both loops. The two
loops would normally allow the SV to rotate around the pin, so a restraining bar was
addedto prevent rotation. A servo would control the removal of the pin. This
mechanism requires two points of contact on the SV, distributing the load across them.
An example of a possible twin loop design is sedFiguire5-5.

Figure 5-5: Twin Loop Deployment Mechanism

The twin loop design is simple and would only add a small mass to the SV, but this
desgn has the possibility of partial deployment if the pin is removed from the first loop
this would allow the vehicle to rotate while the pin is still being pulled. This rotation
could jam the mechanism with the SV partially deployed.
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A 3-point deployment mchanism utilizes a plastic pin / spring assembly and servos to
restrain the SV at three points of contact. The SV would require small hooks or loops to
be placed into or on the body where three pin mechanisms would attach. This design is
shown inFigure5-6.

Figure 5-6: 3-Point Deployment Mechanism

This design would prove to be the lightest in ovenadight due to the three simple pin
connections, it would distribute the load to three locations on the SV reducing the
stresses on the SV structure, and there are no moments transferred to the SV structure.
The 3point design, however, would allow for antial deployment if one servo does

not activate or release faster than the others, would allow for substantial vibrations of
the SV because the pins are a loser connection, and multiple servos would be required
for each SV.

A comparison of the design miess of the three deployment mechanism types is shown

in Table5-7. It examines the moment created on the SV due to a-s@sst mounting
location on the nose of the SV, the additional mass added to the SV from the
deployment mechanism attachment, the number of servos required to actuate the DM,
and the number of pointd contact on the SV.

Table 5-7: Deployment Mechanism Properties

Description Max Additional  Servos Points of
Momenton SV Mass (g) per DM Contact
SV (N-m)

Pin Sleeve 2.556 20 1 1

Twin Loop 2.421 10 1 2

3 Point 0 15 3 3

After examining the three design options, the-glgeve combination was determined
to be the best option because there is no risk of partial deployment. Partial deployment
could cause the PV to become unstable and crash, and this was determined to be the
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largest risk. The design and prototyping of the-gl@eve DM is examined further in
the Mechanical Design Elemen&@) and the Feasibility/.0) Sections.

5.5 Command and Data Handling

The command and data handling for MADS needs to fulfél taquirements listed in
Section1.4.2 The most important part of the CDH is that it needs to command the
DMs on demand from the ground station. The CDH also needs to receivakkta t
during flight from sensors to verify requirements.

5.5.1 Deployment Control

The deployment mechanism can be controlled and activated either by a digital signal
from a PIC or analog signal from RC communication. The benefit of a PIC is that it
could be intgrated into part of a deployment sequence, which includes commanding
the SV to power on or maneuver away from the PV. The disadvantage is that the
software coding of a PIC might prove complicated and time consuming. The benefit
of RC communication is thait is robust and will already be in use to control the PV,
requiring no additional hardware to send the signal.

5.5.2 Sensors

The sensors on the SV and PV need to be able to record flight speed and altitude data
to verify the drop altitude requirement and 8peed of the SVSection1.4.2. The

sensor package for the SV must be able to either store the data on board or transmit it
back to the ground siah for storage.

There are two primary possibilities for the sensor package on the SV: the CUPIC, or a
custom sensor package. The CUPIC has a built in transmitter and can stream back
GPS data to the ground station which would verify the altitude and velocity
requirementsThe benefits of using the CUPIC are that it is already onboard the SV
as theautopilotand communication will be in place to control the SV. This adds no
additional mass or power draw to the SV. A custom sensor package would require
either an extra transttér or a data logger to take the data and would be an additional
mass and power drain on the SV.

The PV only needs a sensor to verify the drop altitude requirement and to record this
data. Several sensors are compareQhaiole 5-8.
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Table 5-8: PV Sensor Packages

Sensor Cost  Signal Altitude  Velocity Calibration Extra

Type  Accuracy Accuracy Components
Pressure/DAQ $133 Analog 30 m 0.3m/s  Local air Extra parts,
System $600 density, sensoi DAQ system

bias
Custom GPS $200 Digital 1.2m 0.1m/s  None DAQ system
Data-logger $300
CUPIC Board  $400 Digital 1.2m 0.1m/s  None Ground
Station

The pressure sensor would not suffice for the altitude sensor because its accuracy
range is almost out of the deployment range, and it would be difficult to determine the
actual deployment altitude. A GPS system provides a much more accurate
measurement dltitude and velocity for requirement verification.

5.5.3 Design Choice

Based on these trade studies, it was determined that the CUPIC would be the sensor
package for both the PV and the SV because of the alesaslyng builtin
transmitter and communicatidink with the ground station. It was also determined

that the deployment controller on the PV would be the CURIdware The ground

station control will be able to activate the deployment sequence on the PV and SV
making it one command for deploymer8ince the CUPIC is used for the sensors and
controls it reduces the additional mass on both the PV and SV, making it the optimum
design. A detailed analysis into the software and programming of the controls and
sensor package is given in the Softwarei@e&lementsSectionO.
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6.0 Subsystem Desigto-Specifications

LeadAuthor: Kristina Wang
Co-Author: Leah Crumbaker

6.1 Purpose

SubsystenbDesignto-Specifications are derived from requirements for each subsystem
that is to be designed and developed. The subsystems for MADS are: PV, SV, DM,
and CDH. Similar to the System DesigaSpecifications, the Subsystem Design
Specifications diretc the selection of design options for each subsystem through
definition of system architecture, functional elements of the project, preliminary
performance parameters, and components that must be acquired for the project.

6.2 Primary Vehicle Desigto-Specifcations

All design options for the PV can be derived from the PV DetgBpecifications.

This includes: power plant selection and sizing, verification methods, payload capacity,
operation and handling, and aerodynamic characteristics.

6.2.1 Propulsion

The PV shall utilize a fuel tank of size necessary to fulfill the endurance requirement
of 15 minutes minimum (1.subSYSa3)he endurance can be calculatedhwihe
following design options:PV engine, fuel tank, payload, and aerodynamic
characteristics (depeent upon configuration) of the system.

6.2.2 Stability

The PV shall be in stable flight before deploying any SVs (1.subSYSa6) and capable
of landing with @y number of SVs (1.subSYSaThis is directly correlated with the
System Desigtio-Specificatiord.3.3(Deployment Failure Procedyre

6.3 Deplbyment Mechanism Desigin-Specifications
6.3.1 Mass and Structural Integrity
The DM shall weigh no more than 0.013 kg (1.subSYSb1) and shall not decrease the
structur al integrity of the PV6s fusel age
Designto-Specifcation is to ensure that the system is capable of flight. This limits
the material, sizing, and interfacing options for the DM.

6.3.2 Center of Gravity

The DM shall not move the center of gravity of the PV more than 2 cm in any
direction (1.subSYSb6). Thigpscification limits the placement of the DM and SVs,
and is required to encourage stability and flight capability within the system.
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6.3.3 On-Demand Deployment

The command for each SV release shall be a wireless signal sent from the GS to the
CDH unit on the PV(2.subSYSb1). The design options for SV deployment are
dependent upon this specification.

6.3.4 Removability and Ease of Transport

The mounting bracket shall be removable to minimize transport dimensions
(2.subSYSb5). This specification allows for the FB¥,, and DM to be transported
separately. Additionally, the PV will require less space to transport without the DM
permanently attached. This specification limits the design, fabrication, and
integration of the DM bracket.

6.4 SubVehicle Desigrio-Specificions
6.4.1 Mass and Payload Capacity
The SV shall be able to carry a sensor package of a maximum of 100 g (1.subSYScl),
with a total mass no greater than 485 g (1.subSYScl). This specification directly
relates to the endurance DesigrSpecification 4.2.2. A greater SV mass
correlates to a shorter endurance, and thus, a design limitation on SV total and
payload mass must be implemented.

6.4.2 GPS Datadpability

The SV shall be capable of taking GPS data (1.subSYSc5). In conjunction with the
mass and payload capacity DestgrSpecification 6.4.1), the design options for a
GPS package for the SV is limited.

6.4.3 Position Clearance

The lowest point of the SV shall be positioned no lower than 38.62 cm vertically
beneath the wing (1.subSYSc8) and 7.11 cm vertically beneath the fuselage of the PV
(1.subSYsc9). Additionally, the furthest outboard point of the SV shall be positioned
no more than 105.67 cm horizontally measured from the outside of the fuselage to the
tip of the wing (1.subSYSc10). These position specifications are in place to reduce
the risk of SV strike on takeff and landing (if the system is landed with SVs).

6.5 Command and Data Handling Destm-Specifications
6.5.1 GPS Processing
The GS shall have real time GPS processing for 5 CUPICs (1.subSYSd2). This
specification ensures the GS hhe capability to receive and process information
from all SVs and the PV in flight.
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6.5.2 Deployment Command

The GS shall send the SV release command to the PV (1.subSYSd4), and the CUPIC
on the PV shall take release commands which must control the four DMs fo
deployment (1.subSYSd5). This specification is in place to fulfill the system on
demand deployment Desiga-Specification 4.3.5.

6.5.3 DeploymentConfirmation

The CUPIC on the PV shall confirm that each actuator has moved after commanded
to do so (1.subSYSd7). This DesitmSpecification allows deployment
confirmation for proper verification. This information can also be used to mitigate
unsuccssful deployment.

6.5.4 Deployment Routine

The CUPIC on the SV shall be capable of receiving autopilot ON/OFF commands
(1.subSYSd11) and implementing a given deployment routine (1.subSYSd12). The
purpose of this Desigto-Specification is to allow for a conited deployment of an

SV. A controlled deployment helps mitigate a PV strike from the SV, and allows for

a deployment sequence to be halted in the case of a deployment failure.
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7.0 Project Feasibility, Prototyping, and Risk Assessment
Lead Author: JefMMullen
Co-author: Jason Farmer

7.1 Project Feasibility
7.1.1 SubVehicle
The SubVehicle must fulfill three systedevel requirements:
1. The SVs shall have a minimum endurance of 15 minutes.
2. The SVs shall have a minimum speed of/s.
3. The SVs shall be controlled ibiye CUPIC.

The SVs shall have a minimum endurance of 15 minutes

As seen in the previous sections, the SuperFly RC aircraft will be the SV. Although it
IS not a requirement, the customer requests a payload capability on the SV. Using a
ThunderPower RC 2S.4V, 2.1A*hr battery below is a plot showing allowable
masses for various endurances assuming that flight occurs at max L/D.

Allowable SV Mass for Varying Endurance
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Figure 7-1: Allowable Mass Verses Endurance

As shown in this @t, with an87g payload, the subkehicle can fly for 25.2 minutes.
Thereforethe SVs will meet the endurance requirement of 15 minutes.

The SVs shall have a minimum speed of 5m/s

The limiting factor on endurance for an electric aircraft is the current draw to the
motor. With the payload of 87g (the SV has a dry mass of 388g) and flying at
maxmum L/D, the velocity increases with inputrcant as shown ifigure7-2.
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SV Cruise Speed for varying Motor Current
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Figure 7-2: Required Motor Current as a Function of Speed

From this plot, flying at a current of ~2.75 amps, the SV can fly at a velocity of
10.1m/s (a SF of 2.02 on the requirement of 5m/s). It pomant to note that for this
configuration, which weighs 475g, it stalls at a velocity of76s as shown in

Figure7-3.
Stall Speed for varying SV Mass
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Figure 7-3: SV Stall Speed as a Function of SV Mass

Because the plane stalls at a velocity greater than the requirement of 5m/s, the SV
will satisfy this requirement.
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The SVs shall be controlled by the CUPIC

The last requiremensithat the SVs must be controlled by the CUPIC autopilot. Bill
Pisano currently has a simulator for his autopilot. This simulator needs the mass,
moments of inertiaand certain stability derivatives (= Cmp, Ci) .The mass is
known, and the moments ohier t i ads wer e calcul ated
PowerFLOW, the stability derivatives were modeled and calculated to be:

Cyo = -0.0922
Crmp = 0.0091
Cnr =-0.0018

After inputting all ths data into his simulatoFigure 7-4 shows the estimated loiter
pattern with GPS noise and rate gyro noise.

Simulated Sub-Vehicle Loiter Path (r Lotter = 100m, t = 150s)
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Figure 7-4: Loiter Circle Modeled by CUPIC Simulator

Because the plane can be controller in the simulator, and because it is extremely
similar to planes that have flown with the autopilot, the CUPIC can control the
SuperFly without modification of any of the default controller gains.

7.1.2 Primary Vehicle
The Prmary Vehicle must fulfill the following systetevel requirements:
1. The PV shall have a minimum flight endurance of 15 minutes with the
deployment system

The selected engine is the Zenoah G26 El. Using tlegugtendurancesquation
(Equation7-1), the endurance of the entire system can be calculated.
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Equation 7-1: Breguet Endurance

In this equationd 1 s the efficiency, c

s the spec
density, S is the wing areans the initial mass of the vehicle and m the final
mass of the vehicle.

At Boulder, @lorad® s

al t it udfée engine & 1.950praad the propeller
efficiency is 0.7. The specific fuel consumption is 0.50z/min and the maximum L/D

was calculated from PowerFLOW to be 7.63. With a stock 15 oz fuel tank, the
endurance of the entire system is 39 minutes, givingr ®f2.6 on the endurance

requirement. As seen iRigure 7-5, the power required plot, this engine provides
plenty of excess power:

Power Required (Steady Level Flight)
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Figure 7-5: Power Required for Steady, Level Flight
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7.1.3 Deployment Mechanism

The Deployment Mechanism must fulfill the two systkwvel requirements:
1. The deployment mechanism shall deploy each SV on demand.
2. The deploymentsystem shall not decrease the stability and handling

characteristics of the PV such that an experienced RC pilot cannot fly it
during all mission phases.
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The deployment mechanism shall deploy each SV on demand

Using a simple fredody-diagram Figure 7-6) on the deployment mechanism and
worstcase aerodynamic loads (L = 12N, D = 12N) the force required to pull the pin
can be determined. For this example, a woaste of aluminum on aluminum (Al DM
and Al pin) will beused.

DM

Load

Figure 7-6: FBD for Deployment Mechanism

0=120 0=120 C  "Qga= 122+ 122=16980
‘=115 "O="Qew 21 = 19440
‘#=03 "= 4.540

This results in a theoretical estimated force of 19.44N to pull the pin. Thip seas
prototyped and it took an actual force of 18N. Using greasgistisadecreased to 0.3;
therefore the force required is reduced to 4.54N

The Firgelli PQ12flinear actuator will be used to pull the pibhis actuator has a
maximum force of 18N, giving a SF of 4 on the force required to pull the pin. With a
large safety factor, the SVs will be deployeddamand.

The deployment system shall not decrease thetability and handling
characteristics of the PV such that an experienced RC pilot cannot fly it during
all mission phases

PowerFLOW was used to run a stability analysis on the entire system. Theepwmle
map for the entire system for both the linearizexiitudinal &ad lateral modes are
shown inFigure7-7.
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Figure 7-7: Pole-Zero Map of System Longitudiral/Lateral Modes

All the modes are stable, with the exception of spiral divergandgphugoid.

7.2 Prototyping
7.2.1 Deployment Mechanism Prototype #1
At PDR, a Request fakction was given by Matt Rhode
ADescription of Request:
Prototyping requestPleasegorototype two different types of release mechanism, a pin
type, and one other design alternativecluded in the prototype must be a bench test
with simulatel aerodynamic and gravity loads.

SupportingRationale

You have multiple risks, and perhaps the §¥king the PV on deployment is the
greatest.However from a prototype perspective, the release mechanism gives you the
greatest opportunity to mitigate a risk wi

After negotiating with Matt Rhode, only one prototype DM was necgst#rwas
completely functional.The purpose of the original RFA was to make certain that the
pin style DM was the best choice possible with success in mind.

The first iteration of the DM prototype is shownRigure7-8.
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Figure 7-8: Exploded View of the £' DM Design

From this image thre are three parts to the design: #teachment point to th8V,
the attacment point to the mounting beam, ahe pin. This design wdabricated in
the AES Machine Shop, and is showrigure7-9.

Figure 7-9: Prototype #1

Because othe conical shape of the attachment point, the CNC machule not be
easilyprogrammedtherefore it had to be manually machined on the lathe. The same
is true with the top (attachment point to the beam).

Becauselte design is conical, the SV is freeptitch, roll, oryaw. Depending on the
initial conditions of the SV prior teelease, the SV coultave an unknown trajectory

and strike the P\or be unstable such that the autopilot cannot control it.

These problems were mitigated by a second iteration in the prototyping process
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7.2.2 Deployment Mechanism Prototype #2
The seond iteration of the DM ptotype is still a pirsleeve mechanism, and is
shown inFigure7-10.

o K —

Figure 7-10. Exploded View ofthe 2 DM Design

The rounded SV mounting point allows for the vehideitch away when the pin is
pulled. The physical constraints of the slegassively constrains roll and yaw after

the pin is pulled, allowing the SV to only pitch awa&ylditionally, this design allows

for paths to be programmed into the CNC machine, thus tolerances are achieved.
This second prototype is shownkigure7-11.

Figure 7-11: Prototype #2

Another RFA by Dr. Jean Koster wgiven during PDR:

fiRequestVibration analysis simulate windinitiated vibrations and turbulence, or
cyclic vibrations to analyze threspos e of t he Depl oyment Mechan

38



Miniature Aircraft Deployment System MADSSYSPFR
Project Final Report

The DM underwent two tests to fulfill this REA he first test was a statiwide-

range frequency response drop test to analyze the mechanics of the deployment
mechanism in vibrations The secondtestwas a simulai aerodynamic load drop

test.

7.3 Vibration Testing
7.3.1 Introduction
The DM will be subjected to vibrations in flight. The purpose of this test is to ensure
that for a wide frequency range, the deployment mechanisnswatessfully release
the SV. Successful copietion of this test will fulfill part of the vibration analysis
RFA. In order to provide a large frequency range that might be experience in flight,
frequencies from OHz to 150Hz in increments of 5Hz were chdsdrequency of
150Hz corresponds to the manum RPMof the engine of the primary vehicle at sea
level. In essence, this will be the maximum forced vibration that the system will see
during flight.

Also, the frequencies of the various modes of flight (phugoid, dutch roll, etc), and
vibration modesof the beam as predicted by ANSYS will be tested. Theseatrit
frequencies are shown irable7-1.

Table 7-1: Critical Frequencies

Mode Frequency (Hz)
PV - Phugoid 0.13

PV - Dutch Roll 0.51

PV - Roll Subsidence 0.99
Systemi Short Period 4.45
Systemi Dutch Roll 0.53
Systemi Roll Subsidence 0.10
Beam Mode 1 6.662
Beam Mode 2 6.670
Beam Mode 3 73.240
Beam Mode 4 74.169
Beam Mode 5 126.095
SV Short Period 22.4
SV'i Phugoid 0.074
SVi Dutch Roll 1.99
SV Roll Subsidence 0.080

Frequencies below 1 Hzould not be generated with the equipment, and therefore,
any moddess than .99 Hz was not testddetailed procedures and equipment listing
can be found in the Appendix in Sectibn.2
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7.3.2 Results
The force require to pull the pin vemss input frequency is shown fiigure 7-12.

Maximum Force to Pull the Pin

15 T - — —F - - - — -
X X Experimental Data
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S
T

51
10

Frequency [rad/s]
Figure 7-12: Force Required to Pullthe Pin for Various Frequencies

Where the bedit line has equation:

"0"Q = 0.0044°Q+ 551

Equation 7-2: Force Required to Pull Pin as a Function of Frequency

The systemlao has ampenrloop bode plagtshown inFigure7-13.
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Figure 7-13: Loop Bode Plot of Deployment System
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7.3.3 Analysisand Interpretation

The test resulted i121/124 successful deployments. This giae85% confidence

that the DM will work for noraerodynamic loasl in a vibration environment.
Equation7-3 was used irorder to calculate this confitee It was assumed that the
tests existed in an infinite population size because it is indeterminate how long or how
many times the DM may be required to deploy.

Nl N
T T

Equation 7-3 : Confidence Interval for a Given Sample Size

Using a Z value of 1.958¢orresponding to a 95 confidence level) and the success
rate p=121/124=97.58%the confidence intervat is 2.7%. This corresponds to a
97.58% + 2.7%chance for successful deploymen

As seen inFigure 7-12, the mechanisnfailed three times at a frequency of 5Hz
High-speed video was taken of the pin at this frequeany it was noticed that the

pin was vibrating 180 degrees out of phase with the beam. This led to a theory that
the large amplitudes of vibration this frequency caused the hingint between the
actuator and pin to vibrateeyond the tolerances of tl¥M, causing jammingThis

failure was noted and the attachment between the actad pin will bere-designed

from a hinge to a solid joint.

This failure is also seen on the open loop bode(pigure7-13) from input vibration
magnitude of the shaker to output vibration magnitude of the TING is the only
frequency wheréhe magnitude is greater than 0dB.

7.3.4 Conclusion

The deployment mechanisim expected tavithstand vibrations in flighthowever

there are coneas that the pin may jam at frequencies around 5Hz because the gain is
greater than 0dB. The DM did not jam at any critiée@quencies;therefore,
inadvertent excitation of any system modes is not a concern.

7.4 Simulated Aerodynamic Load Testing
7.4.1 Introduction
Il n order to fulfild]l the other half of Dr
loading test was performed. This test was performed ateadspf 15m/s, which
correspondso the estimated drop velocity.
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The beam used in this experimenasvmade out of carbon fiber. THieal beam
design usesaluminum. The DM will be attached to the beam using a threading
interface and the carbon fiber beam failed during attachment due to its weak
compressive strengtiA detailed test procedure and equipniesting can be found in

the Appendix in Sectioh7.3

7.4.2 Results

Strain data was collected at 8 different locati@dse of these locationmeasued the

twist angle of the beam, which can be used to calculate torsional shear Bfiess
original purpose of collecting strain data was to validate the FEA model of the beam.
Due to the vibrating environment, this data was unable to be compared tatibe st
load cases of the FEA model. Therefore, a FFT was taken on all the strain channels
for every trial and the frequency of vibration was 15Hz, which, as seen in the
vibration testcaused no issues for deployment.

In order to calculate twist angkguation7-4 is used:

.

Equation 7-4: Twist Angle as a Function of Torque

Where torque isalculated as
T0
Y

Equation 7-5: Torque as a Function of Shear Stress

oy/=

And shear stress is:
T= 2 4O

Equation 7-6: Shear Stress as a Functionf&hear Strain

Where T = torque, L = length of rod, J = polar moment of inertia, G = shear modulus,
T = shear stress.

Using data experimentally gathered from a torsional test of the carbon fibéesod

is outlined inAppendix 17.1); the shear modulus was calculated to be 563kPa *
1.2kPa.The applied torque to the beam can be back solved from the twist angle
Because the only two moments acting on the beam is the moment due to the weight of
the SV and the pitching moment of the SV, the weight moment can be subtracted out
resulting in only the pitching moment. Because the test was run at 15m/s, a drag polar
of the SV was calculated using CFD. Therefore the exact angle of attack can be
determinedFigure7-14 shows this relationship.
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Angles as a Function of Time
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Figure 7-14: Twist Angle and SV AoA as a Function of Time

7.4.3 Analysis and Discussion

The deployment mechanism performadequately for 20 out of 2@eploymentd
this relates to a 99% confidence that the system will work in simulatedyammic
loads.

The most critical data collected was the beam twist angle. During advisor meetings a
concern was brought up t hat a Aflutter
uncontrollably on the beam migbause system failurés shown inFigure7-14, the

subvehicle oscillates greatlybetween angles of attack e and 9 degrees. With

this much oscillation, however, success of deployment was not affected as the
mechanism deployed 20/20 times. Because of this highiabsei, flutter about the

pitching axisis a definite concern, howevdrecause this flutter did not reach an
unstable state and did not affect deployment success, it is assumed that this pitching
mode will not affect deployment.

7.4.4 Conclusion
The deploymeninechanism will operate in an aerodynamic load.

7.5 Risk Assessment
7.5.1 PV is Unstable or Uncontrollable with the Deployment System
This risk has been largely mitigated through analysis seen in the DesignnEleme
sections. A unique stabilityerivativemodel wascreatedn PowerFLOW and the full
system is stable. The DM design mitigates partial or accidental deployment resulting
in uncontrollable configurations. The standard configurations are controllable.
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7.5.2 SV Strikes PV on Deployment

As seen irB.6.2 the drop model predictsallision-free deployment for the SV from

the PV. During the simulated aerodynamic load drop test, even in heavy turbulence,
the SV demonstratembllision-free deployment.

7.5.3 SV Aerodynamic Environmenipon Deployment

The aerodynamic forcegeated by th&Vs while attabed to and immediately upon
release from the PV will be difficult to simulate. There is a possibility that the SV
will be uncontrollable upon release and could impact the PV. The DS will be
designed to ensure SV stability after deployment and clgzaiesi®on of the SV from

the PV, however, the turbulence effects will be difficult to model as they will be
unigue to each flight.

7.5.4 Mass Change Alters Stability or Endurance

With a SF of 2 on the endurance, the system is stable with that amount of mass
However, there is a margin on the mass with respect to endurance so there is no
concern of mass exceeding this limit.

7.5.5 DM Failure

There is a possibility that the DM will fail to release, partialieaseor release the

SVs earlyBench testindnas beerronducted to ensure the reliability of thé/ prior

to full system tests. In the spring, more tests shall be conducted to further determine
the reliability.

There is a faulin tolerancein the design, meaning the default state of the linear
actuators isclosedwhile unpowered. The S¥are fully constrained with the DM
design so there is a low chance of partial deployment if the pin is not completely
pulled.

7.5.6 Flutter

Flutter is a physical phenomenon thatoot be modeled or predicted. Certain modes
deteded during vibration test might be catastrophic during flight. Accelerometers will
be mounted on the system to monitor the vibrations.

7.5.7 PV Structural Integrity

The aldition of the SVs to the exterior of the PV will result in additional bending and
torsioral forces. It is possible that the PV is not capable of carrying the extra loads.
An FEA analysis has been performed in order to design around this issue, but
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assumptions in the boundary conditions of the FEA model for the structure may not
be valid. A no-destructive load test will be performed.

7.5.8 Ground Sation XBee Failure
Upon failure, the system will be commanded to land immediately.
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8.0 MechanicalDesignHements

LeadAuthor: Jason Farmer
Co-Author: Scott Tatum

The Mechanical Design Elements define the entire mechanicasystem for the
project. The full system assembly, several sub assemblies and related parts were
designed usingdesignto specs presented at PDR using vibration analysis, FEM
(ANSYS), aerodynams and control theory.

8.1 Mechanical Desig#io Specifications
8.1.1 Deployment Mechanism
8.1.1.1 The SVs shall be deployed on demand.
8.1.1.2 The DM shall weigh no more than 13 g.
8.1.1.3 The DM shall be mounted on a rod (the bracket) capable of
withstanding the expected loads.

8.1.2 Mounting Locations
8.1.2.1 The DM shall not move the center of gravity of the System past [43 cm,
0 cm,-5 cm] with a margin of +/22 cm wrt the nose of the PV.
8.1.2.2 The mounting bracket shall be removable to minimize transport
dimensions.

8.2 Propulsion/Aerodynamics
8.2.1.1 The deployment system shall not decrease the stability and handling
characteristics of the PV such that it cannot be flown by an experienced
RC pilot during all mission phases.
8.2.1.2 The PV shall have a minimum flight endurance of 15 minutes with the
deployment gstem.

8.3 Requests for Action
8.3.1 Vibration Analysis:
Simulate windinitiated vibrations and turbulence, or cyclic vibrations to analyze the
response of the Deployment Mechanism

Requested by: Dr. Jean Koster
RFA Fulfilled: Performed a wideange frequencyesponse drop test & simulated

aerodynamic loading drop test.
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8.3.2 Deployment Mechanism Prototype
Prototype and test the release mechanism to mitigate the risk of PV strike upon
deployment

Requested by: Matt Rhode
RFA Fulfilled: A functional DM was protgped and tested

8.4 System Assembly

The MADS systerievel assembly is defined by the mechanical drawing tree contained
in the integration documentSéction17.10. There are three main salssemblies
outlined in the tree:he PV, lower DM, and ypperDM. The PV assembly was created

in CAD to model the geometry of the SIA0 aircraft for FEM and CFD atyses as

well as to serve as a visual aid. This aircraft is purchased COTS, and the only
modifications that will be made to the aircraft will be in the fuselage section under the
wing, which will be covered isection58.

The other two sub assemblies are almost exact copies of each other but for one
exception. BothDM assemblies have all the same pantsept forthe two different

struts that attach the DMs toethPV. These two struts only differ in length and
mounting angle.

Figure 8-1: MADS Full System Assembly

8.4.1 System CG Location
The full system was alloweid havea total mass 012.67 kg based on trendurance
requirement (0.SY91The estimated final mass of the systerhds1 kg(2.06kg or
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16.26% margin), well within the maximum allowable limRigure 8-2 shows a
breakdown oflie systenmass.

Full System

/ Sub Vehicle
Electronics — 36%

- hicl Airframe — 24%
:."fmary Veegt;c e N Payload — 21%
irframe —
Engine —21% ' 18% gA&tors:/ls%
Electronics — 5% =
Fuel — 4%
Wiring — 1%
DM
7% Deployment Mechanism

Mechanism — 40%

Actuators — 40%

Upper Mount — 10%
| Lower Mount — 10%

Figure 8-2: Full System Mass Breakdown

The new CG of the system was designed to meet the desigeciticgiion8.1.2.1by

placing the strut attachment | ocations 1in
integrity was not comprised, while the CG of the aircraft remained within the design
specification. The$s 6 1 mpact on the CG wasTableound wusi
8-1.

Table 8-1: Component CG locations
Plane Mass CG X- CG Y- CG Z-Location
(kg) Location (cm) Location (cm) (cm)

Primary Vehicle 8.5 38.40 0 -3.96
SubVehicle 1 4 81.03 50 -7.2175
SubVehicle 2 4 81.03 -50 -7.2175
SubVehicle 3 4 61.03 50 -24.36
SubVehicle 4 4 61.03 -50 -24.36

Using this information, the system CG was found to be locatethe [X,Y,Z]
location referenceffom the nose43.5691 cm0 cm and-5.8339 cmrespectively,
which is within the required margin. The coordinate system used is shawguire
8-3.
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Figure 8-3: CG Coordinate System

8.4.2 System Endurance and Stability

The propulsion sulsystem and aerodynamics ssystem were designed to meet the
specifications in sectior8.2 using a PowerFLOWmodéd of aerodynamics and
stability and a vehicle systems algorithm written in MATLAB. Trade studies
completed during PDR and CDR led to the selection of the ZeB@&hEI gasoline
engine and APC16x8 propeller showrHigure8-4.

http://www.modelflight.com.au

http://www.towerhobbies.com

Figure 8-4: Chosen Zenoah Engine and APC Propeller

Using the stock COTS 15 oz fuel tank, the system endurance is estimated to be 39
minutes at a 6000 ft altitude, which yields an endurance SE6oand fulfills the
endurance specificatio®.Q.1.9.

Using CFDcalculated € and G values Figure 8-5) of the entire systemseen in

with all 4 SV& mounted the stall sped was found to b&qy = 8.2 m/sand the
takeoffgroundrun equal tdl4.8 m The stall angleof-attack of the system is 10°.
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System Aerodynamic Data at Re = 680940
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Figure 8-5: System Aerodynamic Data

Using the engine performance characteristics Tiable 8-2 and the system
aerodynamic performance numbers fréigure 8-5, power required and available
curves were generated to find the systemds

propeller.

Table 8-2: Propulsion System Specifications
PV Propulsion System Specifications
Propeller APC 16X8
Propeller Efficiency 0.7
Engine HP (Sea level) 2.7 hp
Engine HP (Boulder) 1.95 hp
Propeller RPM (Boulder) 8000 rpm
Power Available 1.37 hp
Pitch Speed 60 mph
Static Thrust 13 It
Thrustto-Weight 0.6
Fuel Consumption .5 0z/min
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Figure 8-6: Power Curves

FromFigure8-6, it is evident that the system hasgradedgerformancecompared to
the original aircraft agxpected. With the chosen power system, the system has an

optimal cruise speed of approximately 11m/s, a maximum velocity of ~27.5 m/s, and
plenty of excess power for the mission.

From the simulations a stall AoA df0° and L/Dnay Of 7.63 were calculatedor the

full system. A series of simulations were conducted changing the various body frame
rotation angles, solving for new forces and moments. The results gave stability
derivatives that had been calculated using PowerFLOW; a sample simulation is
shownin Figure8-7.

Figure 8-7: CFD Simulated Flow Field
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The system stability was then found using state space mastelsn inFigure8-8. In

the longitudinal direction, the sheperiod is stable while the phugoid is unstable.
The unstable phugoid of theystem is not a concern as the real part of the pole is
0.00389, corresponding to a low frequenty the lateral direction,he system is
unstable only in spiramode a fairly commontrait in conventional aircraftThe
frequency for this mode is also low.
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Figure 8-8: System Poles

Table 8-3 shows the frequencies of each pole, and it can be seen that the spiral
divergence mode has a period of 20 seconds, well within the contliof ab the
provided RC pilot. This meets tlikesign to specificatiof.2.1.1

Table 8-3: Modal Frequencies

Mode Frequency  Period (S)
Short Period 4.45 Hz 0.225
Phugoid Unstable Unstable
Dutch Roll 0.53 Hz 1.97

Roll Subsidence 0.10 Hz 1.01
Spiral Divergence Unstable Unstable

8.5 Deployment System SuBssembly
Either deployment system consists of a SuperFly-valticle connected to an

aluminum rod, which also holds a linear actuator and the deployment mechanism
bracket itself Figure8-9).
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Figure 8-9: Deployment System SubAssembly

When assembled, the DM conneast from the fuselageF{gure 8-10). The two
brackets at the end of the beam are secured with a series of nuts and washers (the strut
is threaded in this location). Two sleeves constrict the motiorheftwo brackets

together, and when the pin is inserted by the linear actuator, the SV and attached
bracket are immobilized.

i .
Figure 8-10: Deployment Systeni Assembled

Figure8-11shows all components that comprise the DM. All-fasteners are made of
aluminum 6061 T6 stock.

Figure 8-11: Deployment System Exploded View
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8.5.1 DM Restraint Design
At the PDR Il evel, the restraint resembl ed
design was visually appealing, but a proto

functionality and material choice. Originally the restraints were made from acrylic
(Figure8-12).

iz

Figure 8-12: First DM Bracket Design

After being prototyped and tested, the ffain this design were discussed in Section
7.0. In additionto thoseissues the mass of the SV bracket (small truncated cone
piece) wasover 25 gram3d too heavy for themass budget of th8V. For all these
reasons, this design was scrapped two weeks after PDR.

Figure8-13 showsthefinal DM restaint design.

Figure 8-13: New DM Design

The hatshaped sub vehicle restraint is easier to manufacture and lidh&eto much
smaller volume) than the previowgrsion despite being made duminum. The
semicircle shape allows the SV to pitch freely pdegployment, which is part of the
deployment process and consequently the only direction of motion desirechantil t
SV is clear of the PWote: the channels of material that have been removed from the
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sides were to save weigfthe mass of the S¥ttachment poinis 9 grams, meeting
the design specificatioB.1.1.2 Shown inFigure 8-14 is a side view of the SV
restraint with aldimensionspecified.

0.6250

_ 0.2500

1.2500

10.5000

Figure 8-14: Side-View of SV Attachment Point

The two thin sleeves bolt to either side of the SV restraint and rod mounted restraint;
clamping their motion together and taking torques in the roll and yaw directions off of
the pin during flight, preventing jamming during deyhent. These are also made of
aluminum like the SV restraint. The tight fit between the two sleeves minimizes
jamming postdeployment by restricting the motion of the .SV

The rod mounted restraint matches the profile ofdlaer restraint to within 1/1a0"
of an inch to ensure a secure fit during flight. This bracket is easily secured onto the
end of the rod, and is also easily manufactured.

All of these parts are made frofuminum because of its high compressive yield
strength. The acrylic prototypgeformed during the first load test, leading to the
conclusion that the acrylicds adeespudyoy ment
Table8-4, shows that lmminumis the best lightweight material avala to take the

stresses of theerodynamic loadapplied by thesubvehicles
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Table 8-4: Material Trade Study

Material Density Elastic Specific Compressive
(Ibs/in”3)  Modulus (ksi) Modulus (in) Yield Strength
(ksi)

Magnesium 0.067 6380 94813.49 21.176
Aluminum Alloy 0.102 10400 102362.20 33.214

High Density PE 0.035 120 3458.21 -

ABS Plastic 0.034 300 8875.74 -

Acrylic 0.042 230 5418.14 13.927

The newerDM design was tested for functionality and robustness with a simulation
of aerodynamic loading. The SV, DM and strut were all assembled and connected to
the side of a truckHigure8-15), which was then accelerated to a speed of 35mph (15
m/s), where the SV was released by the team by pulling the pin manually (the
actuator had not been chosen yet).

Figure 8-15: Simulated Aerodynamic Loading Rig

The details about this test were discussetiin

8.5.2 Actuator Selection

To minimize the complexity of the DM anib verify that the pin has been puljed
linear actuators were chosen to power the Bdnch tests (as seen in Sectidf)
wereused to determine the force required the actuator wexdrience in worst case
loading scenarios.

With the required pulling force data, a linear servo was chosenFirgelli PQ12f
Miniature Linear ServdFigure 8-16) has a maximum pulling force a8 N, which
results in a safety factor of 3.46 in pulling force, and a proks of 20 mm with a 3
second travel timel'he PQ12 also ontainspotentiometetthat changes with relative
position of the servo, which will be usealverify that thepin has successfully cleared
the restraint brackets.
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http://www.firgelli.com/products.php
Figure 8-16: Firgelli PQ-12f Linear Actuator

The assembled DM systerRigure 8-9) was put through a very thorough vibration
test(see Sectio.0).

8.6 Fuselage Reinfcement SubAssembly

The structure of the PV was reinforced to take the loads from the deployment
mechanismThe analysis first examined a worst case loading scenario and then looked
at the reinforcements that could be used to attach the ksaekel reiforce the
structure.

8.6.1 LoadScenario

To determine the greatest forces that would be acting on the DM and transferred to
the PV structure a Awor st c assabangemenar i o
attack of 10° and mamum flight velocity of 25 m/sat minimum drag This case

produces the greatest lifting and drag fordas tothe subvehicles mounted to the

primary vehicle. A safety factor of 1.5 was then applied to these loads to add in
margin on the possible stresses that will be seen by thewstuThese are tabulated

in Table8-5.

Table 8-5: Worst Case DM Loading

Forces/Moments
Lift 50N
Drag 10N
Moment -3 Nm
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This load is approxnately a 12y loading scenario for the SVs and is expected to be
an impossible flight conditian

8.6.2 Mounting Location

To determine the stresses that the PV structure wexpeeriencethe mounting
locationsneeded to be determined. The mounting locations were determined both
from the strongest locations on the PV fuselage and from the numerical integration
drop model

By numerically integrating the sum of the forces and moments, the path of the sub
vehicle @an bemodeled The free bodyidgram for this system is shown Figure
8-17.

v

Figure 8-17: Free BodyDiagram of Sub-Vehicle during Flight

In this diagramp is the lifting force,0Ois the drag forcep is the weight;Vis the

thrust,wis the freestream velocity, is the angle of attack, andis the flight path

angle. The sum of the moments is summed in-yhdirection equal to the cross
product of the x and z unit vectorsThe following equationsf motion depict the
movemenbf the subvehicle

Q= aw,= 0Ocosf 0Osinf + "Ycos—
"@=ady= Osinf +0cos +"sin— &
0 ="@n=0(.81)

Equation 8-1: SV Equations of Motion

The mass of theehicleis given byd and the mass moment of inertia is giveri@y
The pitch angler is the sum of the flight path angle and the angle of attatle
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acceleration termsiy,, oy, andr]) can be calculated by dividingy the appropriate
mass term.

To calculate the drag, lift, and moment forces,réiations shan in Equation8-2 are
used.

0= 6ol +3601 NY

0= 6| +3671 NY

U= 0p | +0pN5+ 30 ] N
Equation 8-2: Drag, Lift, and Moment Equations

Where 0¢ is the drag coefficientd; is the lift coefficient,0; is the moment
coefficient,] is the dynamic pressurdis the planform area, aris the chord
length.

These equations were programmed in MATLAB in an iterative Idtgch time
through the loop, the dynamic pressure, flight angles, and coefficients are updated to
match the current flight condition. The lift, drag, and moment coefficients are a
function ofthe angle of attack given by the PowerFLOW model of thevstiicle.

Given a time ste®-0, the numerical integration can be calculated as folldsthe

index numbergy, andcy are the velocities in the x and z directions respectiveily,

the pitch rate, andy &, and—are the positions and pitch angle):

o

, _ %Q+ (I'?.‘A)Ql .

(’a’m - %Q-'- . 2" 30

. 0ot Wg,y

W, = Wt Tlgo

. _ ., Not Na

Na1 = Ngt — 5
Do

R
Bt G

Ca1 = Qot R Moy 20%1 30
Not o1

1= ot — 530

Equation 8-3: Numerical Integration Equations

Lastly, themotion of the S\deployment mechanism was constrained to onlyenov
the zdirection. Using lineintersection theory, collisions of the subhicle and
primary vehicle could be detected. If the angle of attack exceeds the positive or
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negative stall angle of attack, the simulation is stoppeglre 8-18 shows the path
that the sukvehicle takes given an initial angle of attack such datw, w= 15
m/s, with no elevon deflection or thrugith respect to the PV.

Relative Motion of SV to SIG

0.2 B S Wing P
“Tail—— Upper SV | Ning Strut
0 LN
02 _ | Wheel Stru
2 ‘ Nheel Casing
g -0.4
5 Path
5 -0.6 £ Start
=
3 O  End /
.g 0.8 Restricted Zone
S
-1 /
-1.2
Q\/\\L\
-1.4 Ve \

-16 -14 -12 -1 -08 -06 -04 -02 0 02 04
Horizontal Motion (m)

Figure 8-18: Relative Motion of the SV to the PV

The deployment process for varying initial angles of attack and elevon deflections can
be seen in th&ectionl7.7. The conclusion drawn from these tests are that the sub
vehicle deploys withoutolliding with the PV.

The strongest locations on the PV fuselage were determined to be in the main
compartmat underneath the wing shownhigure8-19.

Figure 8-19: PV Mounting Location Area
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This area hasolid balsa wood walls reinforced with a plywood rib structdiee
mounting locations where chosen where the balsa/plywood structure was the
strongest.The final mounting design of the deployment system is showkigare

8-20.

Figure 8-20: Deployment System Mounting Configuration

The top beams are angled to keep the mount within the designated area but allow for
drop clearance for the SV dstermined from the drop model.

8.6.3 Mounting Brackets

The mounting brackets were designed for two purposes, first to reduce the load
absorbed byhe wall structure of the PV, and second to hold the beams during flight
while being removable for easy transportatidrhussatisfesthe design specification
8.1.2.2 The final design of the mounting brackets is giverFigure 8-21. These
designs were developed to minimize the stress in thé amal minimize the size
(mass) of the brackets.

Figure 8-21: Upper and Lower Mounting Bracket Designs

The brackets are % inch thick aluminum blocks with a hole cut for the beam to slide
through. The beams are then held in place by two set screws that will be tightened
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against the beam to secure it in place. To reduce the load taken by each wall the

beams ee connected across the structure with a threaded bracket in the center which
transforms the beam into one fAsolido piece
both walls of the structure.

8.6.4 ANSYS A

To determine the stresses in the PV structure an iBédel was created in ANSYS

to determine the primary areas needing reinforcement and the size and dimensions of
the reinforcements required. A simple beam attachment model was not used because
of the orthotropic properties of the plywood and balsa woodedlsas the complex
design of the plywood rib structure. The AEnodel used the worst case loading
scenario developed B16.1

The FEA was run fofive different loading cases of the possible configurations that
the SVs could be in while mounted to the PSeen inFigure8-22.

Casel Case 2
] [ . ] [ |
] — —
Case 3 Case 4
] — —

N

Figure 8-22 FEM Loading Cases

The maximum stress in the plywood, balsa wood, and aluminum, were each found
and compared to the empirical yield values that were determined through experiment
and are given iTable8-6.

Table 8-6: FEA Results for All Loading Cases
Empirical Yield Case 1l Case 2 Case 3 Case 4 Case5

Max Plywood 45 45 45 45 43 41
Stress (MPa)
Max Balsa 10.8 3.3 3.3 2.8 3.3 2.8
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Stress (MPa)
Max Beam 280 279 279 279 278 278
Stress (MPa)

Figure 8-23: Maximum Stress Locations

The boundary conditions for the model as !
wing attachment points to the fuselage body. The loads giv&akte8-5 were then

applied to the DM on the structurgigure 8-23 A and B show the locations of the

maximum stress incurred in the plywood and beanpews/ely. The plywood
maximumstress is in the small gap between the wing attachment and the aluminum
reinforcement. These stresses are very close to the yield values as $able 816

for most of the loading cases. To reduce the stress on the plywood a thin piece of
aluminum will be added to the outside of the structure to increase the stiffness and
reduce the stress.

8.6.5 FEA Limitations

The FEA model is not an exact model of the problem and has a few limitafioms.

fixed location does not allow ¢hpart to move in space, a condition not exactly
correct for thisvehicle because the forces would be able to mitneestructure. This
generags additional stress in the structure that would not normally be present.
Secondly, the model assumes a perfect and rigid connection between the beams and
the wall generating large moments at the connection point. This is not the true
physical case so shher moments would result in smaller stresses in the wall. Last,
the model does not contain the full fuselage structure, but rather a small section so the
stresses would be distributed over a larger area and more pieces. Because of these
limitations nondestructive testing is required to verify the results and will be
conducted to ensure the reinforcements are adequate for flight.

8.6.6 Mounting Locations Conclusion

This design of the mounting locations and attachment were determined to be enough
to support thaleployment system and the foragesatedby the SVs. The worst case
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loading that was analyzed comes from a flight condition thae#&ly impossible to
achieve The limitations of the FEA also addn additionalsafety factorbecause it
produces larger mments than the physical system. Therefore, the designed
reinforcements meet the last design specificat#oh.{.3.
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9.0 Electrical Design Elements

Lead Author: Matthew Lenda
Co-Authors:Michael Gordon, Kristina Wang

The MADS electrical design began with the dedigrspecifications The variety of
requirements influencing the design of each subsystem resulted in varying levels of
complexity in the dsign models. The existence of COTS materials also played a strong
role in the modeling. Detailed analysis of models, schematics with defined interfaces,
parts lists, and the major factors considered in the final design of the MADS electrical
system are psented hereéA full parts list may be found in the AppendiX.a

9.1 Subsystem Desigiio Specifications
The most pertinent design specifications for the threMADS subsystems with
electrical design elements are given below.
9.1.1 Primary Vehicle
9.1.1.1 The Primaryehicle shall have a minimum endurance of 15 minutes.
9.1.1.2 The Primary Vehicle shall be controlled by an experienced RC pilot.
9.1.2 Deployment Mechanism
9.1.2.1 The command for the StNéehicles to deploy shall be given by the
Ground Station when deployment is desired.
9.1.2.2 The mmmand to release each Subhicle shall be a wireless signal sent
from the Ground Station through the Command and Data Handling unit
on the Primary Vehicle.
9.1.3 SubVehicle
9.1.3.1 The SubVehicles shall have a pedeployment endurance of 15
minutes.
9.1.3.2 The SubVehicles shall have a minimum airspeed of 5 meters per
second.
9.1.3.3 The SV shall be capable of collecting GPS data.
9.1.3.4 The SV shall have a power supply of 7.4V or 11.1V with no more than
10A of current draw.

9.2 System Electrical Interfaces
Figure9-1 shows the systeitevel electrical interfaces.
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MADSSYSPFR

Deployment Mechanism

= DM Control

> Mechanism

Primary Vehicle

Sub-Vehicles

Power Supply

Ignition Control

Control Servos

TX/RX

Power Supply

Propulsion
Control Servos

TX/RX

Ground Station

Figure 9-1: Level-1 System Electrical Block Diagram

The system electrical and control breakdown reflects the four major subsystems of the
MADS architecturePV, SV, DM, and CDH The DM system is resident on the PV but
contains independent communication and power elements. The DM interfaceens th

physical and defined in SectigO. There is also a wireless communication element between

the GS and the CDH components on the SV and PV; thisdsiloed in more detail in the
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Software Design Elements

9.3 Primary Vehicle Electrical Design
Figure 9-2 shows the electrical interfaces for the pNot transmitreceive and control
surface management components

CDH CDH
RX -R617FS FASST 2.4 GHz 7c Left Aileron Servo - $3303
SGNL (1) ZZEWG SGNL
_\‘.' ( 1 J —‘..Y
GND (1) . GND
SGNL (2) cDH
G,:_‘[‘} 8 Elevator Servo - §3305
SGNL (3) ———  SGNL
GND (3)
SGNL (4) cpH
IS Throttle Servo - S004
GND (4)
SGNL (5) — 533\1
Vo) GND
GND (5)
SGNL (6) cDH
V(6
GND Eﬁg Rudder Servo - 53303
SGNL (7/8) L . SGNL
V(8 — L >4V
GND (7/8) ———————————— GND
CDH
Right Aileron Servo - 53303
I
POWER v
DSC Switch Harness GND
GND (Batt)
+V (Batt) GND (RX)

GND (Chg) +V@EY) ——
+V (Chg)

POWER
PV Control Battery - NRE4F 4.8V 1.5Ah NiCd

+V
GND

Figure 9-2: PV Pilot TX/RX and Control Electrical Interfaces

Figure9-3 shows the ignition control component of the PV.

FO'WER POWER

Tgnition Battery - NRAF 4 8V 1 5Ah NiCd Spark Plug Coil POWER .
= { Engine - G26
Y +W )
GND GND To Engine

Figure 9-3: PV Ignition Control Electrical Interface

The manual pilot control and RF link systems require a small power supply, a matched
transmittefreceiver set, and control surface and throttle setting sefadde 9-1 lists
the selected components.
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Table 9-1: PV Manual Pilot Control and Engine Ignition Systems Parts List

Item Product Properties

Pilot Transceive(TX/RX)  Futaba 6EX 6-channel, 2.4GHz

PV Receiver (RX) Futaba R617FS 7-channel, 2.4GHz
FASST

PV RX Battery Futaba NR4F 4.8V, 1.5Ah, 4cell, NiCd

PV Control Surface Servos Futaba S3305 4.8V, 0.2s/60°, 726m
torque, metal

PV Throttle Control Servos Futaba S004 4.8V, 0.23s/60°, 446m
torque, ball bearing

PV Engine Ignition Battery Futaba NR4F 4.8V, 1.5Ah, 4cell, NiCd

The selection of the PV propulsion unit difefrom the choice specified in POR].

The change to the G26 gas engine is the restiteoPV endurance requirement. Also,
the wireless communication between the pilot and the PV is trapnsigit The CDH
component on the PV the CUPIC (without the autopilot flight control algorithm) and
will be described in more detail with the DM electrical design and the Software Design
Elements sectionThe Futaba FASST receiver provides the necessary voltage
regulation to maintain the 48supply to the servgsand he 1.5Ah capacity gives
sufficient endurance for a full system flight of greater than 15 minutes.

9.4 Deployment Mechanism

The wireless interface of the PIC with the Ground Station indicates that there must be a
wireless transmgon protocol defined for the DMlectronics package.h& wireless

radio transmission setup of the Zigbee/XBee sysf&@6j already resident on the
CUPIC [10] gives the deployment system sufficient remote communication abilities.
The Software Design Elemen(Section0) containmore detail on this communication
protocol.Figure9-4 shows an image of the current version of the CUPIC.
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Figure 9-4: CUPIC Autopilot System[10]

With the power supplies inside the PV already in use, the deployment acaioes

its own power supply and a custom lb&o be controlled independent from the other
actuatorsthrough he CUPIC. As shown in the Mechanical Design Elements section,
the chosen DM actuators are linear actuators as opgosesational servos due to
manufacturability concernd he chosen linear actuator, the Firgelli PQ12f, is shown in
Figure9-5.

Figure 9-5: Firgelli PQ12f Linear Actuator [11]

Table9-2 summarizes the characteristics of the PQagtiFigure 9-6 shows the Hin
electrical interface of the PQ12f

Table 9-2: PQ12f Linear Actuator Characteristics [11]

Item Value

Stroke/Pin Length 20mm

Rated Force (Speed) 15N (7mm/s)
Maximum Force (Speed) 18N (6mm/s)
Maximum Speed 12mm/s

Power Supply 5vDC

Current ~500mA (at 5VDC)

Operating Temperature  -10°C to +50°C
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