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w - Density ratio

A - Surfaceareain freestream flow

a- Height of object

0" (i o csia ¢, - Brakehorsepowerequired
during climb

b -Width of object

C,, - Aileron chord

C, - Coefficient of drag

C_1o - Coefficient of lift at takeoff

C, - Coefficient oflift

C, - Specific heat

¢ - Wing chord

(Cy, ) - Pitching moment coefficient due

to alpha about the.g.
D - Propeller diameter
d,, - Distance for ground roll
E - Modulus of elasticity
F, - Force of failure

F,, - Force acting on rear landing gear

G - Modulus of rigidity

g - Gravity

H - Height

h - Convective heat transfer coefficient
I - Moment of inertia

[, - Moment of inertia about the-axis

I, - Moment of inertia about the-gxis
I, - Moment of inertia about the-axis

l,, - Cross moment of inertia about the x
axis and yaxis

l,, - Second area moment of inertia
J - Polar moment of inertia

k - Thermal conductivity

KE - Kinetic energy

L - Lift

L, - Characteristic length

L., - Moment about the-axis

M, - Pitching moment due tangle of

attack
M, - Moment about the-pxis
m - Mass

N, - Moment about the-axis

Nu - Nusselt number
n - Propeller rotational velocity
p - Predicted power

Pr - Prandlt numbefor air
P.__. - Power available

avail

Py - Applied load across theaxis
R,, - Applied load across the gxis

p - Roll rate

P - Roll acceleration

PE - Potentialenergy

Q - Dynamic pressure

g - Pitch rate

& - Pitchacceleration

Q... - Convective heat transfer
RC - Rate of climb

R - Inner radius

R, - Outer radius

r - Yaw rate

# - Yaw acceleration
RE - Reynoldsnumber
S - Wettedwing area

S, - Aileron Area

Spar - Length of wing span
T - Torque

T. - Initial temperature

T, - Ambient temperature
“Ya; - Thrust equired
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T, - Temperature of surface
T, - Temperature as a function of time

Y 4 Giia - Thrust horsepower required
to climb

YW wcsadia s - Thrust horsepower
available during climb

t - Thickness

u - Aircraft velocity in thex-direction

& - Forward acceleration

V - FreestrenVelocity

V,, - Vertical velocity component normal

a
to the wing panel

V.« - Dashing velocity

Vol - Volume

v - Aircraft velocity in they-direction

¥ - Aircraft acceleration in thg-direction

Wetw - Maximum gross takeoff weight

W - Work done on system

w - Aircraft velocity in thez-direction
w; - Applied load number 1

w, - Applied load number 2

W - Aircraft acceleration in the-direction
X« - Axial forcein thex-direction

X - Distance to applied load

X, - Distance from nose te.g.

X;, - Distance from nose to front landing

gear
X,, - Distance from nose to rear landing

gear
Y, - Axial force in they-direction

y - Displacementlong y-axis
Z,, - Axial force in thez-direction
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List of Acronyms
AAA 1 Advanced Aircraft Analysis
BOTE 1 Back of the Envelope
CDR 1 Critical Design Review
CFD 7 Computational Fluid Dynamics
C.G.T Center of Gravity
COTS1 Commercial off the Shelf
CNC i Computerized Numerical Control
DLC i Discovery Learning Center
FAA 1 Federal Aviation Administration
FAR 1 Federal Aviation Regulation
FDR i Flight Data Recorer
FFR T Fall Final Report
GPSi Global Positioning System
IMU 7 Inertial Measurement Unit
ITLL T Integrated Teaching and Learning Laboratory
KU 1 University of Kansas
MGTW 1 Maximum Gross Takeoff Weight
MMC i Multi-Memory Card
MPH 7 Miles per Hour
PDD Project Definition Document
PDR1 Preliminary Design Review
RFA T Request foAction
RFP T Request foProposal
RPM i Revolutions per Minute
RC i Remote Control
SFCi Specific Fuel Consumption
SHARC i Stable Handling Aerial Radioontrolled Cargdestbed
SNC1 Sierra Nevada Corporation
UAS T Unmanned Aerial System
UAV 17 Unmanned Aerial Vehicle
VDC i Volts Direct Current
WAAST Wide Area Augmentation System
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1. Project Objectives and Requirements
Author: Kimberly Kroh

1.1 Background

As stated in theProject Definition Documen{PDDY), Sierra Nevada Corporation
(SNC) is currently developing a tactical unmanned aerial system (UAS) nickrispaehn
The UAS consists of the Spartan air vehicle, a ground control station, and a variety of sensor
payloads. These payloads are represebyethe models provided by SNC kigure 1 and
Figure 2. Sensor payloads arearing completion and are awaiting successful flight tests
from the Spartan vehicle; however, Spartan is still in development and will require a large
logistical footprint for flight testing. The objective of this payload demonstrator progst
to provde a low cost, easy to operate, and reliabl@anned aerial vehicle (UAV) to test the
Spartan related sensor payloads prior to their integration with the Spartan vehicle.

There currently is not a UAV on the mar ket
this project providé a team of undergraduate engineering students with the opportunity to
create a unique design solution to a specific customer need. Having an industry customer
provided the team with an opportunity to work in an academic setting wieiag held
accountable to industry standards.

27.50

Figure 1: SNC Payload Figure 2: SNC Payload Schematic (Isometric View) [Inches}
Schematic (Top View) [Inchesf

1 SHARC



Spring Final Report May 1, 2008

Aerospace Senior Projects (ASEN 4018/4028)

1.2 Goal

As stated in the background, SNC desigestable aerial platform with a low logistical
footprint on which several experimental payloads can be integrated for initial flight testing.
Due to the unique nature of thesct o mer 6 s payl oads, wasregupeelci f i c
in order to meet mission operation requirements. Therefore, the overall goal of this payload
demonstrator projectvas to design, build, test, and verify an unmanned airctat t
mechanically ancelectronically interfacg with the 15 pound payload module provided by
SNC. In addition the team has built a test payload, identical in size and weight to that of the
customed ,sto verify flight characteristics and models to meet the University of @ddor
Senior Design (ASEMO0184028) course requirements. The aircratcalled the Stable
Handling Aerial Radiecontrolled Cargeestbed, SHARC.

1.3 Objectives

The objective of this projeatias to design, build, tesand verify a UAS To meet top
level project requiremnts, the UASvasdesigned to have a low logistical footprint, be built
within the budget provided by SNC, and be capable of serving as a sensor payload testbed for
successful flight testing.The UAS consisd of the SHARC aircraft as well as sufficient
ground support hardware. This hardware inctldguipment to charge battes| start the
engine control and fuel the aircraft for successful flight testing. Due to variation in payload
configurations equipmentwas neealed to check the center of gravity of the airceaftl add
ballast to adjust the c.gIn addition, the support equipment wasmpact and able to be
transported in any midize sedanlang with the aircratft itself.

The aircraftwas designed tde flown uner radio control andakeoff, fly, and land
underits own power and be recoverable. Furthermore, the ainefable to suppdrthe
customer provided payloahddesigned taemain in flight for a sufficient amat of time to
acquire,log, and store dat Also, in order to meet the course requirements and verify the
design of the aircraft, aerification payloadwas built and successfully tested to gather
airspeed, altitude, argtabilitydata. Tle structure for thigerificationpayloadwas provided
by SNC and hathe same shape and weigistthe expected customer paylaads

This projectwas accomplished througthe integration of several subsystems on the
aircraft including aerodynamicsflight dynamics, structures, electronics and controls,
propulsion and manufacturing.In order to meet the top level systems requirements, the
remotely piloted fixed wingaircraft was designed to beeasily transportedsetup and
operated byo more thanwo personneht an RC field Therefore, accessful completionf
this project resudtdin a transportable, easy to operate, low cost vehicle that the customer can
rely on to tespayloads before integration with the Spartan UA&ble 1, Table2, andTable
3 summarize the project and upper level systequirements as discussedppendix 18.1
contains all requirements pertaining to the SHARC projHueserequirementslowed down
from the customer requirementsgigen in theRequesfor Proposa(RFP)®.
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Table 1: Upper Level Project Requirements and Descriptions

Type (functional,
performance, interface, Ref Description

constraint)

Functional 0.PRJ1  |SHARC shall provide an UAS for preliminary flight testing of payloads designed for the SNC Spartan
UAS.
Functional 0.PRJ2 [The designed UAS should operate with minimal personnel and logistical footprint.
Functional 0.PRJ3 [The designed UAS should be developed and operated at low cost.
Table 2: Lower Level Project Requirements and Descriptions
Type (functional,
performance, interface, Ref Description
constraint)

Functional 1.PRJ1  |SHARC shall develop a remotely piloted UAV for use as a payload testbed

Functional 1.PRJ2 |The UAS shall be assembled and operated at a typical RC field.

Constraint 1.PRJ3 |The UAS shall remain within the budget provided by SMC

Table 3: Upper Level System Requirements and Descriptions

Type (functional,
performance, interface, Ref Description
constraint)

Functional 0.5¥31 |SHARC shall provide a fixed wing UAV
Performance 0.8Y52 |UAV shall be capable of electrical and mechanical mating with Block 2 Spartan payload
Functional 0.5¥33 |UAV shall be remotely piloted from a ground station
Functional 0.8YS4 |UAV shall be assembled and disassembled by no more than two personnel
Performance 0.5¥S5 |UAV shall be capable of operation from a typical RC field
Functional 0.5¥36 |UAS shall be capable of transportation to and from the RC field in a typical sedan

SHARC
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2. Systems Architecture
Author: Brian Taylor

In order to meet project objectives and requirements, the SHARCw#Somprised
of three primary systems: a ground station, a vetifie payload, and a flight vehicle. The
ground station system contathall elements needed to support the flight vehicle. This
system include engine starting equipmeriiattery supporting equipment to include chargers,
transmitters, receivers, and ¢ene data analysis tools and software as well as all equipment
necessaryo complete the prlight checks on the flight vehicle.

The verification payloadvas designed to mimic the SNC customer payloads both
mechanically and electrically. This designtaied the utilization of the same structure,
mechanical interfaces, and electrical interfaces as the customer payload. SHARG@ utilize
accelerometers and gyroscopes to measure and record linear and angular acceleration in all
three axes to verify thahe stability of the flight vehicle matctiehe design models. The
verification payload consiet of a pitotstatic, aGlobal Positioning Systen(5P9, and an
outside temperature probe that meadurecoretd and transmied the aircraft airspeed,
groundpeed, altitude, and density altitude. This systeas used to verify that the flight
vehicle m¢ét he customerds airspeed and altitude 1
phase of the vehicle, the verification payloagswesigned to beemoved and @aced with
the customerds payload without any necessary

The flight vehiclewasthe primary focus of the SHARC UAS and con&lmll of the
equipment necessary to meet the performance objectives of the customer. lieddhtain
fuselage, wing, electronics and control equipment, engine, and all supporting hardware to
command and control the aircraft. vilas capable of mechanical integration with Spartan
Block Il payloads andvas designed to suppiggulated 12 VDC at currentg to 10 Amps
through the electrical interface.

2.1 Concept of Operations
Figure3 contains a concept of operations for the SHARC UAS.

<——— Cruise/Payload € Takeoff
w A ;1

N

~ 4

I
~ I ’
N | /

S ’
3 N [ ’
N Radio Control |4
Disassembly Assembly

v Ground Station

v

Payload Data
Acquisition Storage

Figure 3: SHARC Concept of Operations
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The flight vehicle starts in storage and is transported to the flyiftglfefore assembly
and mating with the payload. Then the aircraft and payload undéygboperations under
remote control (RC) conducted from the ground station. Following landing, the flight
vehicle and payload are -theated, and the flight vehicle issassembled and transported back
into storage. During this time, the payload is returned to the customer for data acquisition.

2.2 Flight Profile
A flight profile of the SHARC UAS is irFigure4.

—

. Startup/Warmup

[

L Tax1 20 Minutes

. Takeoff

W

4. Climb

5. Cruise

6. Loiter

. Descend

8. Land/Taxi
Figure 4: SHARC UAS Flight Profile

Startup involves starting the engine and performingflgbt checks. This step also
includes turning on the aircraft and payload power with external switches. Following taxi
and takeoff, the aircraft climbs to the customer specific altitude and Iéateesmaximum
period of twenty minutes. Notice that SHARC was designed to operate at density altitudes of
at least 6,000 ft. The aircraft descends and lands following the loiter period.

2.3 Functional Block Diagram
The functional block diagram for the SHARIAS is inFigureb.

Eagle Tree MU Aircraft Structure and
_g_. - ) . . Aerodynamics
Pitot Static Linear Acceleration
Airspeed Rotational Acceleration
Altitude ¥
GPS | Gumstix Payload Battery |
Ground Speed
Altitude (—| Aircraft Battery
Temperature | Aircraft Battery |
Density Altitude —>| Eagle Tree Data Logger
¥

| Eagle Tree Transmitter

“Dashboard”
Data Link

Support

Payload Structure

Misc. Ground

Equipment

y

Flight Controls
and Brake

Figure 5: SHARC UAS Concept of Operations
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Notice that commands are sentothd @araftct | vy
receiver. Thecommands and power are routed through the aircraft receiver to the servos,
which control the engine throttle, ailerons, flaps, elevators, rudders, and brake. On a separate
circuit, power is supplied to the payload through a regulat®he aircraft control and
payload power circuitsvere separated to reduce risk by ensuring that a fault in the payload
circuit would not interrupt aircraft control.

For the verification payload, power supplied by the aironafs designed tpower an
Inertial Measurement Unit (IMU) and Gumstix comput&r The IMU was designed to
measure linear and rotational acceleration in all three axes &@hedampled and recorded
onto a removable data card by the Gumsthmputer. The Eagle Tree systef® is a
commercial product that uses a pisbatic tube to measure airspeed and altitude. In addition,
a GPS module with Wide Area Augmentation Syst8#AAS) was used to gather ground
speed and altituddata while an outside temperature prel@sused to convert altitudes to
density altitudes. These datasrecorded on a provided data logger and transmitted in real
time to a receiver produced by the same compamyaspowered by an independent bayte
located in the payload structure which is identical to the battery used by the aircraft receiver.
Data transmitted in real timgas designedo aid the pilot during flight and allow for faster
verification of vehicle performance since multiple testnpiould be met during a single
sortie.

2.4 Solid Model
Two of the three major systems of the SHARC UAV are shoviigare®.

Payload

N

N

Flight Vehicle
Figure 6: Flight Vehicle and Verification Payload Systems

Within the verification payload are the components to verify flight stability, airspeeds,
and altitudes as seenhiigure7. Notice that the GPS antenna and piitddie are mounted on
the external structure of the payload while the rest of the components are mounted inside and
on the bottom of the payload.
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