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1.0 Information

1.1 Project Title

Stable Handling Aerial Radiecontrolled Cargeestbed (SHARC)

1.2 Project Customers

NAME: Michael Bertman (Sierrdlevada Corporation)
ADDRESS: 8122 Southpark Lane, Littleton, CO. 80210
PHONE: 30950604

E-Mail: Michael.Bertman@SNCorple

1.3 Group Members

T.J. Chace Shawn Kruse

Chace@colorado.edu Kruses@colorado.edu

Aerodyanmics Lead Manufacturing Engineer
Materials/Structures Lead

Chris Ellerhorst Andrew Mohler

Christopher.Ellerhorst@colorado.edu| Andrew.Mohler@colorado.edu

Chief Financial Officer Assistant Program Manager

Payload Lead Propulsions Lead

Eli Grun Matthew Olson

Eli.Grun@colorado.edu Olsonmk@colorado.edu

Test Engineer Electronics and Controls Lead

Luke Hartwig Brian Taylor

Hartwigl@colorado.edu Brian.R.Taylor@colorado.edu

Program Manager Systems Engineer

Kim Kroh

Kroh@colorado.edu

Aircraft Dynamics Lead
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2.0 System Architecture

2.1 Purpose and Background

Sierra Nevada Corporation (SNC) is currently developing a tactical unmanned aerial
system (UAS) nicknamed Spartan. The UAS congi$tthe Spartan air vehicle, a ground
control station, and a variety of sengmyloads Figure 1¥!). Sensompayloads are nearing
completion and are awaiting successful flight tests from the Spartan vehicle. Hpweve
Spartan is still in development and will require a large logistical footprint for flight testing.
The objective of this payload demonstrator project is to provide a low cost, easy to operate,
and reliable unmanned aerial vehicle (UAV) to test the Spaeiated sensor payloads prior
to their integration with the Spartan vehicle.

Due to mission constraints placed on this system by the custdraasbjective of this
project will be to design, build, test, and verify a UAShe system selected aircraill
integrateSNG Spartan sensor payloadsing the concept representedFigure 2¢. The
UAS will consist of the SHARC aircraft as well as sufficientugrd support hardwardhis
hardware includes equipmentdbarge batteries, start engine(s), control, and fuel the aircraft
for suwccessful flight testing.

Figure 1: SNC Payload Schematic (Isometric View)f!

Figure 2: M odulated Payloadintegration Concept!®
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2.2 Work Breakd own Structure

The systemimplementedio complete this project wdslly defined by SNC to be a
fixed wing, remotely piloted, combustion engine aircreffigure 3 combines both a
preliminary organizational chart that begins to define the total scope of the project and a
hierarchical decomposition of the work to be executed by the SHARC project team to
accomplish the project objectivadsach descending level represents an increbpsaetailed
definition of the projecdwork.

Safery Eng |

Program Manager
RO —. Systems Eng. Test Eng,

Co. Project Manager

Wb master -
Manuf. Eng

Asre Tewm Electronles Propulsions Marertals Payload Lead
- ' Conrrsls Fusl Systems Stnuctures
Lead Lead Lead
— Transniiter [— Engie — Material Selection — Sensors
A/C Dymamics Asradynamics
Lead Lead | Besiver — Propsller | Landing G — Sabrwars
Smability & Control . | Bateries Fuel Tank Engle Integrarion — Hech, Intarfading
t— Analysiz "
Puel | b Brberfaie
Tl Fervos [ Fule Linez — Liftiieg Bodies Blect Inbarfacing
— Control Sufeces
T — Fuzelage Cqu ol eng — Teating Fuaelage — Drata Acquisition
— Testing
L Testing Testing Teating +— Testing

Figure 3: SHARC Work Break Down Structure

2.3 Design Alternatives

A logical flow was used to determine aircraft design alternatives and the order that
configuration decisions should beade. A diagram of this flow is Figure4.
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Figure 4. Alternative Design Tree

Advantages and disadvantages exist for each of the design alternatives. A
conventional aircraft has many advantages,uilicly a larger database than the other
configurations. In addition, a conventional aircraft is inherently stable and provides many
options for placement of components, including the payload. The conventional configuration
will be used as a baseline foualitative comparison with the other overall configuration
options in the discussion that follows.

A flying wing or blended wing body could offer more wing area inside the constrained
design dimensions and would have a higher lift to drag ratio. Unfaeiyn&nowledge of
flying wing design and manufacturing is limited and flying wings have a tendency of being
inherently unstable. Canard aircraft typically are more efficient than conventional aircraft
due to the lack of tail down force. Requirementsanfunobstructed nose for the payload
prevent the canard configuration from being used. The same limitations that prevent a
canard also prevent the use of a three surface design. Joined wings can produce more lift for
a given span; however, there is akla¢ knowledge on front wing interference effects on the
rear wing. In addition, manufacturing and assembly would be more difficult because of the
wing shape and manufacturing accuracy needed to make the tips meet.

Cantilever wings have all of the strurisupport on the inside of the wing while a
braced wing has external bracing. Cantilever wings can weigh more than braced wings
because of the additional structural members, but have lower parasite drag. Constraints on
span will require a very aerodymically efficient wing, which favors a cantilever design.
Wing location on the fuselage can be low, mid, or high. Mid wings were not considered in
depth for this project due to reducing fuselage volume in the vicinity of the center of gravity
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which will be a critical area for fuel tank placement. Low wings offer more landing gear
mounting positions than high wings; however, high wings are inherently more stable than
low wings. Due to the requirement that the payload be mounted at the nose, whictihémits
landing gear position, it was determined that a low wing will likely be a better configuration
than a high wing. In addition, with the use of dihedral, a low wing aircraft can be made as
stable as a high wing which eliminated the stability advanthgehtgh wing configuration.

The additional wing configuration parameters will be determined during more detailed
design.

Gear configuration includes tricycle, bicycle, or-thiagger. Due to payload location,
tricycle gear will not be possible. A talragger gear could be easily mounted on a low wing
aircraft and would be relatively simple, but it would not provide good propeller clearance for
an engine mounted at or near the tail. In addition, altagger would be harder to control
during landingand takeoff. A bicycle gear with outriggers would provide good propeller
clearance and would require the least amount of piloting skill. Unfortunately, it is not
possible to rotate a bicycle gear aircraft during takeoff so either incidence would Haese to
built into the wing or the gear would need to be designed to provide an angle of attack.
Engine selection will have a large influence on gear design.

Engine configuration includes the number of engines, method of propulsion, and
location. Assuming darge enough engine exists, it would be beneficial to use only one
engine. Multiengine aircraft will weigh more than single engine aircraft because of the need
for extra mounting structure, control hardware, and rudder area. The primary benefits of
multi-engine aircraft are reliability and increased mounting location options. The increased
number of locations is because a single engine would have to be mounted on the longitudinal
centerline, which excludes wing mounting, and a reHdigine aircraft carhave engines
mounted symmetrically across the centerline. Reliability is not a large issue because the
SHARC mission is to climb and cruise above the airfield; if an engine failure occurs in flight,
the aircraft should be able to glide to a landing.

Engires can be mounted in nacelles or buried in the fuselage. Nacelles have more
mounting location options, but are generally heavier and have more parasite drag due to the
increased structure for the nacelle. Engines can either provide tractor or pusksigmop
Given the required location of the payload and the use of the engine to balance the center of
gravity, the propulsion would likely be a pusher. Finally, engines can be mounted on or in
the wing, near the tail, or on the fuselage. If a singléeneng used, it would be constrained
to either fuselage or tail mounting to stay on the longitudinal centerline. In addition, if it is
buried it would likely be located at the very rear of the fuselage to counteract the nose weight
of the payload.

The fuglage configuration can either be conventional, boom, or twin fuselage. Twin
fuselage should not be considered unless extra fuselage volume is needed because the
additional structure would increase weight and drag. A boamfigurationwould requirea
conventional nose section with a taiking attachedby a boom. It would provide a weight
decrease over a conventional fuselage, but may not be possible depending on the amount of
weight in the tail and material availability.

Many tail configurations are gsible. A low horizontal stabilizer would be desirable
from a weight standpoint;-Tails and midtails both have increased structural requirements
over a lowtail. A V-tail will likely not be used because that configuration tends to have
decreased direicnal stability over a conventional vertical stabilizer. An inverted tail may be
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beneficial; it would provide beneficial yamll coupling, because rudder deflection would
add to roll in the same direction instead of opposing the roll. In additiongénebicycle
gear could be mounted in conjunction with the inverted vertical stabilizer if designed

properly.
2.4  Functional Block Diagram

In Figure5, the measurement devices will store data internally which will besad
from a standard personal computer using individual USB interfaces. These measurement
devices will gather information on aircraft altitude, speed, and temperature to ensure that
SNCb6s density altitude and air acpetemttbnaned qui r e
attitude will be measured to verify stability models used during design. These sensors will be
integrated into a test payload package that will have the same overall dimensions and weight
as the customer payloads so that flight test databe gathered without requiring alteration
of the delivered product. Power is provided to the payload from a set of batteries in the
aircraft set at the voltage specified by SNC
A power control unit ingle of the test payload will adjust the voltage to the levels required
by the individual sensors. The payload and aircraft power will be on separate circuits
powered by separate batteries. This is to ensure that a fault in the payload would not be able
to affect aircraft handling and control.
Additional safeguards will be designed and implemented into the flight controls to
safeguard the general public in the event of lost communication or electric power. In either
of these events, the aircraft would lemger be under control from the ground station. To
reduce risk of damage caused by the aircraft, mechanical mechanisms will be designed and
implemented to shut down the engine and deployuplelevator to initiate and maintain a
deep stall in order tbring the aircraft down over the flying field, safeguarding the general
public.
Payload Strucsurs
[ acdamm o

[ Attatude

Power Control Unst }o——- from atrcralt

I Speed and Alttude fe-

! Qutnide Air Temperarure

to pavdoad |~
-

Measwement
Sund

Figure 5: Functional Block Diagram
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3.0 Requirements

Table 1: Top-Level Project Requirements
Parent

Requirement Description . Verification Method
Requirement
0.PRJ.1 UAV for Payload Testbed RFP"] Delivery of aircraft flight test
data.
0.PRJ.2 Budget EBOM Strict and accurate estimation
[Appendix E] and financial documentation.
0.PRJ.3 Assembly and Operation RFP! Demonstration obperation by

two SHARC members in allotte
flight test time (8 hours)
0.PRJ.4 Ground Operations RFP) Ground equipment will be teste]
by SHARC through extended us
in aircraft operations and will bg
modified as needed.

Table 2: Top-Level System Requirements

Requirement Description quent Verification Method
Requirement
0.SYS.1 Radio Controlled RFP"] Radio control will be ground tested befor
individual components are integrated.

0.SYS.2 Vehicle Size RFP"] Verified by inspecon.

0.SYS.3 Weight RFP’! Weight inspection.

0.SYS.4 Payload Location RFP’! Verified by inspection.

0.SYS.5 Flight Endurance RFP’! Recorded and verified through flight tesl

data.

0.SYS.6 Stall Speed RFP’! Recorded and verified flight test data und
visual stall conditions.

0.SYS.7 Dash Speed RFP’! Recorded and verified flight test data und
full throttle conditions.

0.SYS.8 Operating Altitude RFP’! Recorded and verified GPS flight test da

while visually estimating altitude.
0.STS.9 Power Defined by Ground testing under simulated SNC
Customer electronics package for time.
3.1 UAV

The system of this project has been defined by the Sierra Nevada Corporation to be a
remotely piloted aircraft. The next step within the design process for SHARC will be
configuration and arrangement analysis.
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4.0 Research and Feasibility

4.1 Aerodynamics

The initial calculations that were performed for this study were used to determine
whether an aircraft with the given weight and dimensions specified by the customer would be
feasible to satisfy mission requirements. To begin, the maximum weight of 55 pounds and a
selection ofdashvelocities from 40 to 70 knots were used to determine the area wiribe
based on various coefficients of lift. The calculations were performed Bg.1. HereSis
the wing areay is the densityV is the velocity, and, is the coefficient of lift.

S= T L Eq. 11"
5 rvec,

Based on the information found from these calculations, a series of fixed wing spans
were used to determine what the correspiog wing chord length would be. The range of
spanswas centered about the current requirement of 7 feet. The results for this span are
shown inFigure6 below.

Chord as a Function of C. for Span of 7 feet
at 6000 feet Density Altitude

7 T T T 14
| \ V = 40 knots

V = 50 knots
V = 60 knots
V = 70 knots

Chord (c) [feet]

0

0 0.2 0.4 06 0.8 1 1.2 1.4 1.6 1.8 2
Coefficient of Lift (CL)

Figure 6: Chord Length Feasibility Analysis

As seen in the figure above, the necessary chord length decreases when the aircratft flies
at higher speeds and achievagyreater coefficient of lift at cruise. To achieve the
requiremenbf flying at 60 knots with a 7 foot wing span, and assumingrg conservative
0.5 coefficient of lift at cruise, the aircraft would need a chord of 1.542 feet. If the 60 knots
speed cannot be reached, the necessary chord lengths for lower speeds are still within reason.
However, these chord length values becaméasible for wing spans below 7 feet. For
example, an aircraft with a 5 foot span flying at 40 knots would need a chord length of 4.859
feet. This value is 97% of the span and is clearly unfeasible. Additional figures can be found
in Appendix A.
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Based on the feasibility plots described above, a range of Reynolds Numbers was
calculated usingq.2 for a 6,000 foot density altitude.

Re= ﬂ Eq_2[7]
m

Here,} is density,V is velocity in feet per second, is the characteristic length feet and
M is the dynamic viscosity. The characteristic length in this case is the range of values calculated
for the chord. This data was reduced to include chord lengths only for the ideal 7 foopanng s
at speed of 50 and 60 knots, which resulted in values ranging from 1.285 to 2.776 feet.
Therefore, Reynolds Numbers were calculated for these chord lengths and pldtigdran7
below. The MATLAB code usetb produce all plots can be found in AppenBix

Reynolds Number as a Function of Chord Length

x 10° at 6000 feet Density Altitude, 7 foot Span
13 T T
V =50 knots
V = 60 knots
12~
11
3
Q
E 10
z
12}
i=}
g o
>
O]
(14
8
7
6
1.4 16 18 2 2.2 2.4 2.6 2.8

Chord Length [feet]
Figure 7: Reynolds Number Feasibility Analysis

Based on these calculations, the possible Reynolds number for the aircraft ranged from
approximately 700,06@,300,000, dependinghdhe speed. For the current goal of a 7 foot wing
span and a speed of 60 knots, the range of Reynolds numbers is 7DQ0@D000. For lower
speed operations high lift devices such as flaps will be used. These Reynolds number calculations
determined &election of airfoils for the aircraft. One such airféiX(77W153, Re = 750,000
is shown below with its polar curve dataRigure8 andFigure9. Additional airfoil options can
be found in Appendixc.
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Figure 8: FX77W153 Airfoil (Unit Scale)® Figure 9: FX77W153 Polar Curves (Re = 750,008}

Favorable characteristics of this airfoil include the fact that the predicted range for
coefficient of lift at cruise is centered about the zero axis for angle of attack (alpha). This
corresponds to minimum airplane profile drag conditions. The coefficient of drag is also low
for this aircraft, about 0.0095 for a coefficient of lift of 0.5.

4.2 Electron ics and Controls

In order to find the torque necessary for the servos, data from the aerodynamics
feasibility was used. It was assumed that the largest torque needed was going to be for the
ailerons during maximum speed. The worst case scenario wasouskdw that there is a
servo that could apply sufficient torque. After acquiring data for the wing area and velocity
for the extreme case (large chord and high velocity), the aileron size was approximated to be
25% of the span and 20% of the chord. Ehealues were used to calculate the area of the
aileron and the torque on that aileron when it is deflected vertically (maximum torque).
Equation 3 was used to calculate the torque:

T = 0.1c(Q5) Eq.3

In Eq. 3, T isthe torque, c is the wing chord, Q is the dynamic pressure at maximum
velocity and S is the area of the aileron. The distance used (0.1c) was found by assuming
that the chordwise length of the aileron is 0.2c and the force (QS) is acting at the middle of
the leading edge of the aileron. The data obtained from the aerodynamics feasibility gave a
wing area of 16ft. The span is assumed to be 7ft (from requirements) giving a chord of 2.3ft.
The resulting area of the aileron is 0.865ftA velocity of 60knts is used from the
requirements, with a density of 0.0639bfirom density altitude of 6000ft) to calculate the
dynamic pressure. Applying Equati@ gave a torque @&b560zin.

There is also another servo listedTiable 3, which is specific for ailerons, and was
listed for its compact size. If there is a size constraint on the wing servos, then it is still
feasible to generate enough torque by applying multiple servos with smaller dimensions.

In order to find feasible transtters and receivers, some assumptions were needed to
declare the amount of servos, thus the amount of channels. The assumptions made were
there would be a servo for: 2 control surfaces on each wing (aileron, flap), elevator, rudder,
1-2 engines and leanty gear. These assumptions led to the research of receivers and
transmitters with 9 and 1@hannels. The data from this research is collectedTiabde 3.
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Table 3: Electronics Research

Size

Servos Reference Weight (0z) Cost (in length x width x height) Torgue (0z-in) | Speed (sec/60°) Type
Futaba S9150 www.towerhobbies.com 1.9 2 for $153.98 19x1.1x1.0 81 @ 4.8V 0.18 Digital Aileron
333 @ 4.8V, 0.24 @ 4.8V,
GWS S666N 2BB M6 www.pololu.com 5.66 $49.00 25x12x24 400 @ 6.0V 02@ 6.0V
486 @ 4.8V, 0.15@ 4.8V,
GWS S77 6BB www.pololu.com 6.7 $79.00 25x1.2x27 583 @ 6.0V 012 @ 6.0V
. . Size .
Receivers Reference Weight (0z) Cost (in length x_width « height) Channels Voltage (V) Current Drain (mA)
Hitec Fusion 9 FM www.towerhobbies.com 1.1 $99.99 2.2x0.9x0.95 9 35-75 20 (excl. servos)
Futaba R319 DPS Synthesized www.towerhobbies.com 1.25 $179.99 2.1x1.3x0.8 9 4.8 or 6.8 N/A
Futaba 9CAFS FM Super www.towerhobbies.com 1.07 $349.98* 2.19 x 1.00 x 0.89 9 4.8 or 6.8 14 (incl. servos)
Multiplex IPD DC Synthesized www.towerhobbies.com 1.34 $194.99 2.00 x1.50 x 0.83 12 4.8 or 6.8 N/A
Multiplex Royal Evo FM www.towerhobbies.com 13 $973.99* 2.00 x 1.50 x 0.83 12 35-75 30 (excl. servos)
Transmitters Reference Cost Channels Acc.
Multiplex Royal Evo FM Synthesized | www.towerhobbies.com [  $577.99 9 N/A
Futaba 9CAFS FM Super www.towerhobbies.com |  $349.98* 9 Packaged with receiver
Multiplex Royal Evo FM www.towerhobbies.com [  $973.99% 12 Packaged with receiver
) ’ Size )
Batteries Reference Weight (0z) Cost (in lenath x width x height) Voltage (V) | Capacity (mAh) [ Max Current (Amps)
Thunder Power "Extreme" www.hobby-lobby.com 17.3 $239.99 6.75x1.75x1.31 14.8 5000 125
Poly-Quest "Twenty" www.hobby-lobby.com 18.4 $252.60 6.5x1.88 x 1.63 14.8 5000 100
Hobbico Hydrimax www.towerhobbies.com 3.35 $19.99 2.25x1.75 x 0.63 4.8 1200 N/A
DuraTrax NINH Rx Hump xxx www.towerhobbies.com 4.23 $19.99 2.36 x1.37x1.25 6 1400 N/A

SNC gave requimaents for the power directed towards the payload. It was stated that
the payload requires 12VDC at 10amps for the length of flight. The length of the flight is
required to be 20 minutes but is assumed 30 minutes for worst case, so the capacity of the
payload battery needs to be 5Ah. Multiple batteries were found to have at least 10V and a
capacity of 5000mAh. Also, there is a need for batteries to power the receiver and the
servos, which will be separated from the payload batteries in order to avaie fai both
the payload and controls.

All of the receivers found during research required a voltage of 4.8V or 6.0V, within
them few had a current requirement. A current drain was estimated to be 30mA, which was
taken from the largest current drairufa during research. Applying the duration of flight
led to a need for a battery with a capacity of 15mAh.

4.3 Materials and Structures

4.3.1 Material Selection

As the customer would prefer a composite structure which can be repaired in house,
this feasibility stug will only look into carbon fiber for the overall structural components of
the aircraft. For the remaining sections of the aircraft other materials were investigated.
These include aluminum, and graphite. This second group of materials will be for the
internal structural components, such as bulk head and wing spars.

When considering a structural material for the SHARC UAV an initial feasibility was
done. During this study Carbon Fiber was used in order to determine if a product existed in
order to met the demands of the customérable 4 shows the two possible options which
could be used on this project. The first two materials are dry carbon fiber sheets. The third
material is a resin that could be used during the weplgrocess; while, the fourth material
is a backing that can be used for additional strength and corrosion resistance. The final
material seen here is a pirapregnated carbon fiber. For structural analysis purposes the
HexPly 913 will be used.

11 SHARC



Systems Definition and Feasibility Report September 28 " 2007
Aerospace Senior Projects (ASEN 4018 & 4028)

The irternal Materials can be seenTiable5. For the purpose of structural analysis
only the graphite will be used.

Table 4: Carbon Fiber Options for Outer Structure

. Manufacturing Resistant To Resistant to . Manufacturing
ViTE] Methods Nitromethane gasoline DY s Locations Releie:
#1064 . .
Graphite Wet Lay Up NA NA 0. 01 g/cc $9/yard Brookville, OH Fibre Glast
#6606k
SHS Weave | ot ay up NA NA 0.02 glce $60/yard Brookville, OH Fibre Glast
Graphite
Fabric
#1110
Promoted . .
Vinyl Ester Wet Lay Up Good Good 1.03 glcc $65/gallon Brookville, OH Fibre Glast
Resin
Divinimat Wet Lay Up Good Good 0.06 g/cc $36 Brookville, OH Fibre Glast
i 1/8"x32"x48" '
HexPly 913" PrePreg TBA TBA 1.23 glcc ? WestValley City, UT Hexcel

Table 5: Options for Internal Structure

Material Density Cost Manufacturing Reference
Locations
Al” 27glcc |1 & r o] Seattle, WA MatWeb
6061-T6 16 $1 www.onlinemetals.com
Graphite 2.25 g/cc | 2.5x15x75| Ward Hill, MA MatWeb,
cm $126 Alfa Aesar

4.3.2 STRUCTRUAL ANALYSIS

For the initial structural analysis of this aircraft three simple models were used. For all
three models the simple beam deflection wasl used can be seenkiy. 4.

3
g FL
CEl
b
bar 12 Eq. 4

I —p(r04- ri“)

thincyl — Z

_P _s8 33
Ithinoval - Zasté%-l_ ;9

" HexPly: 65.5 MPA Tensile Strength.
AAL6061:186 MPA Shear Strength and 255 MPA Yield Strength
Graphite: 4.8 GPA Modulus of Elasticity in Compression
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For Eqg. 4 U is the amount of deflection, F is the force applied, L is the length of the
beam, C is a constant that is a function of the force displacement and | is the moment of
inertia and can also be seerEig. 4. The variables assoot with the moment equations are
as follows: b is the thickness and h is the height of the beamitre out diameter angis
the inner diameter of the cylinder, t is the thickness while a and b are thenssmiand
semimajor axesrespectively. &r the case of the beam being point loaded C was taken as
3, while a C value of 8 was used for an even loading across the entire beam. These
calculations were done usingVATLAB (Appendix F) program andhe plotted resultsan
be seen belowFigure 10, Figurell, andFigure 12 show how the wing, spar and fuselage
will deflect with different values of Young Motiis from the material pickedwhen
calculating the deflection only ¢éhsingle compomrmg was analyzed at a time.

Wing deflection as a function of Youngs Modulus

10° ¢ : ; .
F Assuming a point load of half the aircraft weight at the wing tip |
‘\ Assuming an even distripution of load accross the wing
107k
= . L
= 10 ¢
= E
2 N
g [
2 =
5 L
© -]
g
= f
ZI.O-4 E e
10'57 I I3 rrrrrrFB I I3 rrrrrng rrrlo
10 10 10 10
Younas Modulus (psi)
Figure 10: Wing Structural Analysis
o Fuselage deflection as a function of Youngs Modulus
10 g o cex Lt . -
F Point load of the aircraft weight at the end of the fuselage |1
r Even distripution of load accross the fuselage I
107k 4
S
-2
S 107k
ks E
Q2 N
5 L
o
& 3
S 10 |
[ £
(%]
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10*k
10'57 3 e rrrrrrFs 3 3 PPVPNFQ '10
10 10 10 10

Youngs Modulus (psi)
Figure 11: Spar Structural Analysis
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Fuselage deflection as a function of Youngs Modulus
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Figure 12: Fuselage Structural Analysis

As can be seein Figure 10, Figure 11, and Figure 12 with the values found for
HexPly, Al 6061 and Carbon Graphite the maximum deflection is 1 inch. With a Young
Modulus of 9.5 ksi (65.5 Mpaje Carbon Fiber wing would deflect almost 2 inches. The Al
wing spar would deflect almost 3 inches while the carbon graphite spar would deflect
roughly 0.01 inchesAll the code used to gather the data represented above is found in
Appendix F.

4.4 Payload

The payload for this aircraft will ultimately lgven by SNC. The requiremegiven
for the payload section was that it should weigh at least 15 Ibs and be located on the nose of
the aircraft.

In order to meet the requirements of the AERiGr project course, a test payload
section shall be constructed to match the w
this sensor payload, certain flight characteristics will be determined from collecting data and
verifying the results. The dafeom the sensor payload shall be compared to stability models
that will be constructed to determine stability variables such as the damping ratio and the
damping time constant. To verify these models, linear and rotational acceleration shall be
measuredn all three axes by accelerometers and rotational gyros. Altitude and aircraft
speeds (such as stall and dash speeds) shall also be verified as part of the given requirements
potentially by a GPS device that will collect flight data. With these flightadather
characteristics such as the climb rate and the turn rate of the aircraft can also be determined.

Table 6 shows some recently researched sensors that could be purchased in order to
measure and verify théave requirements for the payload. This preliminary research for the
necessary sensors shows that the weight requirement for the payload (15 Ibs) should not be
an issue.
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Table 6: Preliminary Instruments/Sensors

Sensor Product Weight Size Sampling Rate Range Resolution | Cost
; HOBO Pendant G data ; ;
Linear 0.9x0.51x Adjustable (Maximum 0.025g
>1 Ibs . 3 to 3 ~$139
Accelerometers g,ﬂg%m#gi?coo,ﬁf i))m) 0.35 inches 100Hzor 0.013 (0.24 m/§) $
: Crossbow Inertial . :
Rotational 3x3.75x3 Adjustable (Maximum
' Systems (NAV420) >131lbs XS oX u (Maximu +-200°/s ~0.06°/s TBD
Gyros (nttp://www.xbow.com) inches 100Hzor 0.013
HOBO Pendant 64K
Temp_ Data Logger > 1 lbs 0.9 x0.51 x Adi le (1 18h 20° 7 1° 2 ~$2
(#UA-001-08) (18 grams 0.35 inches djustable (1s to 18h) 0°to70° C 0.I’at25C $200
Temperature (http://www.onsetcomp.com)
Sensors o T :
mega Temperature
>1lbs 1.06 x 0.81 x
L MEL-USB-1 . Adj le (1 12h -35° 5 ~$7
ogger (O USB-1) (43 grams 3.7 inches djustable (10s to )| -35°to80°C 05 C $70
http://www.omega.com)
Barometric Pressure GP
. 0.2m (SRVY
Speed and Data Logger (SRVY >1lbs 2.6 x4.4x1.1| Adjustable (5s, 10s, 30s|
Is); 2 ~$2
Altitude (GPS) XM2-BARO-2i) (150 gram} inches 1m) Up1060,000t|  models); 2m | ~5$263
otherwise
(http://homepages.tig.com.au)

Most of the sensors shown in tfiable6 are not only measurement devices but act as
data loggers as well. These types of sensor/data loggers would significantly simplify the
required hardware for the test payload by reimgvhe need for an external data logger and
multiplexer that would only add more weight to the system. Another advantage of many of
these sensors is that they are each individually powered by batteries. This is an advantage
because it would simplify thelectronics/circuits needed for the payload system. However,
if any sensors used do require power from an external source, a voltage regulator will need to
be added. The payload given by SNC requi2soltsto be provided from the aircraft; thus,
if any sensors used in the test payload require external power then the voltage given by the
aircraft will have to be reduced to the allowable amount for the sensors. The ideal scenario
would be for each sensor to run off its own battery power, measureaedtstown data,
and then the data could be downloaded onto a computer once the aircraft has landed.

After conducting preliminary research for the necessary sensors to measure and verify
several important flight values, it was determined that achieviagtifited requirements is
feasible. Further research will be conducted to investigate the use of voltage regulators,
multiplexers, and external data loggers as they are alternative design possibilities.

4.5 Propulsions

An RC aircraft propulsion system is a coimation of a propulsion unit (e.g. an engine
and propeller), fuel, fuel lines and fuel tank(s). The project customer, SNC, has already
dictated in their Request for Proposal (RERpat the aircraft will employ a gas engine. The
exact number of engisenecessary will depend upon the eventual system configuration
and/or the ability to find a sufficient engine to meet the various system requirements.

However, before the selection of an engine can be inadewill be the purpose of the
propulsion feasility i an initial investigation into the maximum power required was
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completed. This investigation was done through the aid of the analysis and design software
Advanced Aircraft Analysis 34, or AAA. From the performance plot generated by AAA

(see ApendixD) it was possible to predict a ratio of the weight to power required at takeoff
(W/P)ro; the aircraft will be most heavily loaded at takeoff and therefore this stage drives the
engine selection. In order to use the predictive power of AAA it wasssary to make
several justified assumptions. The assumptions in the baseline design that were expected to
affect the power at takeoff ratio included:

X Propeller Efficiency, dp= 0.7

X Oswal dés Efficiency Factor, e = 0.8
X Takeoff Ground Run, ¢ = 350 ft

X Specific Fuel Consumption, cp = 1.75 (Ib/hr)/hp

x Coefficient of Lift at Takeoff, Cko= 2.0

The first two of these assumptions were based off of values given by AAA for typical
aircraft systems. A takeoff ground run of 350 ft was determined after congidie length
of Boulderdés RC field was 450 ft and includ
aircraft takeoff from a general RC field. Finally, the last two assumptions were based off of
similar UAS systems. Once these assumptions had ipeerporated into AAA, it was
determined, that the specific fuel consumption of the aircraft (ranging in values from 0.1 to
2.0 (Ib/hr)/hp) as well as the takeoff ground run length were not design drivers. An increase
in the enginecp would tend to increze the takeoff weight slightly, which marginally
increased the power required at takeoff but did not drive it. AdditionaMA showed that
the length of the takeoff ground run was not a selection drivarfprdistance above 205 ft
As expected, therpopel | er efficiency and Oswal dbés eff
on the power at takeoff requirement. Values ranging fror0B5vere investigated for both
efficiencies, as these would show an extreme worst case versus a generally accepted value.
The primary results of these investigations can be se€ahle7, which included values for
both 60 knot and 90 knot dash speeds.

Table 7: Required Engine Sizing for Feasibility

Propeller Oswald& Required

Velocity Efficiency Efficiency (W/P)TO Engine
Knots d e (ft"2/1b) HP
0.5 0.5 6.7 8.21
60 0.7 0.7 11.9 4.62
0.7 0.8 13.2 4.17
0.5 0.5 6.6 8.33
90 0.7 0.7 10 5.50
0.7 0.8 10.1 5.45

As Table7 shows, for a 55 Ib airaft (maximum allowable gross takeoff weigbkge
REF [4]) the worst case scenario would requae 8.33 HP engine or some additive
equi val ent . Since having a propeller effic
exceptionally low values, a moreasonable value was investigated for engine feasibility.
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Propeller efficiencies of 0.7 are generally
with landing flaps PAA @], Fromthese assumptions, an engine of either 4.62 HP or 5.5 HP
would suffice for a 60 knot or 90 knot dash speed, respectively.

In order to complete the feasibility of a propulsion system for this aircraft, several
engine ranges were researched and their characteristics are shiafrei®andTable9.The
first table assumed a singgmgine configuration and therefore engines ranging frorm 8.3
HP, as the project is at the discretion of engines available currently on the market, were
discoveed. Unfortunately, data on specific fuel consumption for RC engines is usually
unknown until static testing is completed. As stated before, this value did not affect the
power required at take off and will be investigated later for a final engine seleksidiable
8 shows, there are currently several engines available that fulfill the power at takeoff
requirement

Table 8: Single-Engine Feasibility Options

Name Units DA-50 TOC53 BT-50E| BT-64E| 3W-50i
Hp Hp 5 5.5 5.2 5.7 4.8
RPM rpm TBD 7800 9000 9000 8700
Fuel
Consumption |  (Ib/hr)/hp TBD TBD TBD TED TBD
Fuel - 32:1 Oil/Gas mix TBD TBD TBD TBD
3.5 (WIO
e b 3.13 4.125 e, | 38 WO Mufflen) | oo
Price USD 595 389.00 469.99 499.99 565

Table9 shows the engines currently available if the aircraft were to have s&tgine
configuration, as the final configuration has yet to be determined. AsTaibke 8, it is
shown that there exists sal engines currently on the market that fulfill the teirgine
configuration power requirements for takeoff of the given aircraft system.

Table 9: Twin-Engine Feasibility Options

Specifications Units BME G90 Pro-91 3W-28i AV-120 Zenoah G38
Horsepower Hp 2.7 2.75 2.75 3 25
RPM rpm 14,000 15,000 8500 11,000 7300
Fuel
Consumption (Ib/hr)/hp TBD TBD TBD TBD TBD
Gas/Oil Mix Oil Mix 1:50- Gas/Oil Mix
Fuel - 32:1 TBD 1:80 TBD 32:1
Weight Ib 1.63 1.24 2.32 1.98 4.44
Price UsD 369.00 189.95 495 463.36 326.63

Having reached this point of research and AAA analysis, within the given constraints
and under the justified assumptions, it is concluded that a propulsion system for this aircraft
is feasible. After further investigatiorhe fuel system and fuel itself will be assessed and
incorporated into future reports. However, the discovery of many feasible engines leads to
the notion that the additional propulsion accessories will be available, too.

4.6 Weight Budget and Feasibility

Onederived requirement from SNC requires that overall aircraft weight shall be 55 Ibs
or less for insurance purposes. Use of worst case weight information present in subsystem

17 SHARC



Systems Definition and Feasibility Report September 28 " 2007

Aerospace Senior Projects (ASEN 4018 & 4028)

feasibility studies allowed a botteap estimation of the maximum gross takeoffiigin and
a safety margin, the difference between estimated and allowed weight, was then be
determined.

First, structural weight was estimated. This analysis was performed by estimating the
surface areas of the aircraft components and then multiplyirggrbgtural material density.

The fuselage was assumed to be a circular t
8.25 inches, and the maximum allowed length of 7 ft. This gives a surface area of 2,177
square inches. Worst case wing area was estiiatbe approximately 14 square feet by
aerodynamics back of the envelope calculations. Wings have both a top and a bottom, so the
area was multiplied by two to estimate the amount of material. This procedure led to a
surface area of 4,032 square inchEsom analysis of similar aircraft, it was determined that

the vertical and horizontal tails would have approximately the same area, 3 square feet. Like
the wing, the area was multiplied by a factor of two in order to account for both the top and
bottomsurfaces, leading to a surface area of 864 square inches.

From the materials feasibility study, HexPly 913 was assumed to be used for the
aircraft structure with a density of 0.044 IB/in Additionally, from experience with
composites, a ply thickness DfL00 of an inch was assumed along with the use of three plies
used throughout the vehicle. This led to a total thickness of 3/100 of an inch. This
information was used with the structural surface areas to estimate a total structural weight of
10.47 Ibs.

Next, the heaviest payload and aircraft battery packs from the electronics feasibility
study were assumed to be used along with the heaviest servos and receiver. It was assumed
that 10 servos were used, which is one servo over the worst casengyuireestimation. In
addition a linkage budget of 0.05 Ibs was assumed to account for mechanical and electrical
linkages in the electronics subsystem.

For propulsion, the heaviest engine combination in the feasibility study was used and a
weight of 0.1 Ibs wagstimated for the propellers. Fuel consumption values for the engines
were used along with a flight time of 20 minutes to estimate a takeoff fuel weight of 1 Ib.

SNCb6és requirement to carry a TabB1lO0ista payl c
summary of the components and weight estimates. These weights were summed to get a
total weight of 41.17 Ibs, which leaves a 25 percent safety fathig. margin will account
for bulkheads, connectors, and other miscellaneous equipment.

Table 10: Weight Budget andFeasibility

Component Quantity Weight per Total Weight
Component (Ibs) (Ibs)
Fuselage 1 2.87 2.87
Wing 1 5.32 5.32
Tail 2 1.14 2.28
Aircraft 1 0.26 0.26
Batteries
Payload 1 1.13 1.13
Batteries
Servos 10 0.42 4.2
Receiver 1 0.08 0.08
Linkages N/A 0.05 0.05
Engine 2 2.22 4.44
Propeller 2 0.05 0.1
Fuel N/A 1 1
Payload 1 15 15
Total 41.17
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4.7 Budget

A preliminary cost estimate of the required parts for this project was conducted and can
be viewed inAppendixE. The cost estimate is not within the $4000 allowance from the
Aerospace department however we are currently pursuing SierradNéegabration for full
funding of this project. The total cost from a preliminary investigation was determined to be
approximately $19,000. This estimate includes the testing of multiple critical components
that will ultimately not be utilized on the final product. If SNC will not provide the required
amount of funding, the scope of the project may be augmenteddgetauy feasibility

5.0 Testing and Verification

The testing and verification procedures of the SHARC aircraft shall be done during the
last phase of desigmand continughrough manufacturing and flight teskigure 13 shows
the testing and verificatiomplanfor the SHARC aircratft.

Wind Tunnel Testing

Aerodynamics Flight Dynamics
Wing Strength Fuselage Engine Landing Gear Payload
Test Bending Test Strength Test Test
Taxi Test
Radio
Controller
Range Test
Flight Test
Performance Stability
Speed i Altitute Lateral Eangiaing
o ndurance At Stability Stability
Verification Verification Analysis Analysis

Figure 13: Test Plan Schematic
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During the design of the aircraft, predictions and models shall be established and used
for verification of the design oncthe manufacturing of nptotypes is complete After
completion of the design of the aircraft, a small scale prototype shall be tested in a wind
tunnel for aerodynamics and flight dynamics. With strain gauges and equipment in the wind
tunnel facility at the University of Kansameasurements dft, drag, and moment shall be
taken and compared to models createdMiWTLAB. Once the aircraft has demonstrated
sufficient lift and similar drag coefficients, the manufacturing prace$ the aircraft shall
begin.

The manufacturing sts shall validate strengths, power, armdadacquisition system
performance The wings will undergo wing loading tests until faillaed results will be
compared witlsimple hollow beam deflection model3.he fuselage bending shall be tested
only to therequired stiffness for flight, alsto verify simple hollow beam models. Engine
tests shall verify static thrusts and fuel consumptions for 3 favorable propellers. The landing
gear shall be verified for ultimate strength or until failure. This test Bbaconducted with
weights and drop testdn order to meeflight test requirements, the payload section shall be
testedn an automobile, validating th@eed, attitude, and direction.

Once these systems are testeekified, and approved for flightesting, the SHARC
aircraft shall be taken to a local remote controlled airfield for taxi and range tests. When the
aircraft has been determined to meet range requirements predicted from the design phase, and
all surfaces are working properly on the rugwthe SHARC aircraft shall undergo flight
testing.

During flight testing, the SHARC aircra$thall carry onwith verification of stability
and flight performancéhrough payload data acquisitioif he stability of the aircrathallbe
verified by doubgts in flight. Simple stick perturbations in the air will allow the data
acquisition systento record accelerometer and gyro measuremenbh® experimental data
shall reveal a dampening coefficiemhich will then be compared tbe theoretical data from
AAA (Advanced Aircraft Analysis). Furthermore, by having GPS on bdafd,e ai r cr af
velocity and altitude can be determined. Verification shall be classified as meeting the
requirement, meeting within margin, or not meeting the requirement basee onottels
predicted from MATLAB. The endurance of the flight shall be timed from takeoff. If the
aircraft does not fly for the required endurance, a calculation of the remaining fuel shall be
done to verify the endurance of the flight, then compared whh predicted fuel
consumption from engine tests.

6.0 Risks

The aircraft has six major technical risks that must have a risk mitigation plan
implemented should a design flaw occufigure 14 describes apparent risks and basic risk
mitigation plans.
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Figure 14: Risk Mitigation Plan
Wind tunnel tests shall be conducted to

dynamics. Because wind tunnel testing is a one time trial, the aircraft shall be adjubtd t

most practical solution apparent. This design shall then undergo full scale prototyping. The
wing, fuselage, payload test bed, engine, and landing gear are apparent technical risks that
shall be evaluated prior to manufacturing and integration thietaircraft.

The wing shall undergo wing loading tests. If failure occurs, the basic elements of the
wing shall be explored. These elements include the structure, materials, and the
manufacturing process and assembly. Once the source of the defeeehastablished, the
wing shall be adjusted and remanufactured for retest.

The fuselage shall proceed with the same risk mitigation plan as the wing. The
fuselage has similar technical properties to the wing and therefore can follow a similar risk

mitigation plan.
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Sensors and data acquisition systems on board the payload test section shall be
examined in more detail once the sensors and data acquisitioning system has been chosen.
Having more detail on the sensors will allow for debugging and a meae sblution to the
apparent problem.

Propulsion systems shall be validated for their thrust and performance. The risk
mitigation plan for thrust shall be propeller examinations and engine tuning. If the engine
does not perform to the requirements, ajustthent to the design of the aircraft shall be
performed or new engine obtained.

The landing gear on the aircraft must meet certain requirememsse hard landings
are madeThe landing gear shall be tested at various stages. Should the landingtgear n
meet the requirements, the same mitigation plan as the wing and fuselage shall take place.
This can be done since they share similar technical qualities and can follow a similar
mitigation plan.

Once each technical component has met the requiremeeysshall be manufactured
and integrated onto the aircratft.

7.0 Team Qualifications

Table 11: Team Qualifications

. Team Member :
Technical Area Responsible Level of Expertise
Aircraft Dynamics Kimberly Kroh Boeing Intern, Aerodynamics, Aamated Controls
Aerodynamics T.J. Chace Aircraft Design, Composites Manufacturing, 4 yr
Composite experience,
Propulsions Andrew Mohler Design, Build, Fly. Aircraft Design (ASEN 488
Composites Manufacturing experience
Materials/Structures Shawn Krus Aircraft Design
Electronics/Controls Matthew Olson Electronic Course, Machine Shop experience.
Payload Chris Ellerhorst Extensive Research with the Colorado Center fo
Astrodynamic Research (CCAR)

8.0 Response to PDD feedback from PAB

Table 12: Response to PDD Feedback

s Response
Comment
RC Pilot An average RC pilot will be defined as a person Wwas been cleared to
Specification solo by an Academy of Model Aeronautics (AMA instructor.
Structural SHARC has inclded a preliminary structural analysis within this
Inclusion feasibility report.

Funding SHARC is continually working with SNC to gain a more concrete statu
t he pr o] eBudgetseqdirements havg been edited to be mg
specific and cost feasibility isithin this report.

Requirements Requirements are currently being defined with the customer to ensur
best possible outcome for all stakeholders.
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9.0 Resources

9.1 Facilities
Table 13 Facilities
Facility Comment
AES/ME Facility |l ocated on the | ower
Composites Lab manufacturing purposes. Contact: Matt Rhode
AES MachineShop Faci l ity | ocated on the | ower |
Used for manufacturing purposes. Contact: NRtbde
AES ProjectsRoon] Faci |l ity | ocated on the | ower |
Used for design and manufacturing purposes. Contact: Trudy Schw;
AES Visions Lab Facility | ocated on the | oweor
design purposes. Contact: Micah Emery
ITLL Facility |l ocated on the east s
manufacturing and CAD purposes. Contdeinet A. Besko
Arvada RC Field | Modelers airfield located on the western slope of Coloraded forflight
testingpurposes. Contact: Dr. Brain Argrow
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A. Appendix A: Various Chord Calculations

Chord as a Function of C, for Span of 6 feet
at 6000 feet Density Altitude
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Figure 15: Chord Length at Varying C, for Span of 6 Feet

Chord as a Function of C. for Span of 5 feet
at 6000 feet Density Altitude
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Figure 16: Chord Length at Varying CL for Span of 5 Feet
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B. Appendix B: MATLAB Code

%% Aerodynamics Feasibility
%Kimberly Kroh and TJ Chace
%September 262007
%SHARC Senior Projects

clearall; closeall; clc;

rho =.0019869; %6000 ft density
V = [40 50 60 70]*1.68780986; %ft/s

L =55; %Max Weight in Ibs
nu = 1.8201¢4; %Kinematic Viscosity in ft"2/s
CL =[0.1:.01:2];

for i=1:1:length(CL)
for j=1:1:length(V)
S1(i,j) = L ./ (:5*rho*V(j)"2.*CL(i));
c1(i,j) = S1(i,j)/5;
S2(i,j) = L ./ (.5*rho*V(j)*2.*CL(i));
c2(i,j) = S2(i,j)/6;
S3(i,j) = L ./ (.5*rho*V(j)*2.*CL(i));
c3(i,j) = S3(i,j)/7;
S4(i,j) = L ./ (.5*rho*V(j)*2.*CL(i));
c4(i,j) = S4(i,j)/8;
S5(i,j) = L ./ (.5*rho*V(j)*2.*CL(i));
¢5(i,j) = S5(i.j)/9;
end
end

c=1[.9:.052.8];

for k = 1:1:length(c)
for m = 1:1:length(V)
Re(k,m) = V(m)*c(k)/nu;
end
end

figure
plot(CL, cl),..

title({'Chord as a Function of C_L for Span of 5 feat 6000 feet
Density Altitude}), ...

xlabel(Coefficient of Lift (C_L)),...

ylabel(Chord (c) [feet),...

legend(V = 40 knots' 'V = 50 knots' 'V = 60 knots' 'V = 70
knots),...

grid on,...

axis([0 20 7])

figure
plot(CL, c2),..

title({'Chord as a Function of C_L for Span of 6 feat' 6000feet
Density Altitude}), ...

xlabel(Coefficient of Lift (C_L)),...

ylabel(Chord (c) [feet),...

legend(V = 40 knots' 'V = 50 knots' 'V = 60 knots' 'V = 70
knots),...

grid on,...

axis([0 20 7])

figure
plot(CL, c3),..

title({'Chord as a Function of C_L for Span of 7 feat' 6000 feet
Density Altitude}), ...

xlabel(Coefficient of Lift (C_L)),...

ylabel(Chord (c) [feet),...

legend(V = 40 knots' 'V = 50 knots' 'V = 60 knots' 'V = 70
knots),...

grid on,...

axis([02 0 7])

figure
plot(CL, c4),..

title({'Chord as a Function of C_L for Span of 8 feat 6000 feet
Density Altitude}), ...

xlabel(Coefficient of Lift (C_L)),...

ylabel(Chord (c) [feet),...

legend(V = 40 knos, 'V = 50 knots' 'V = 60 knots' 'V = 70
knots),...

grid on,...

axis([02 0 7])

figure
plot(CL, cb),..

title({ 'Chord as a Function of C_L for Span of 9 feat 6000 feet
Density Altitude}), ...

xlabel(Coefficient of Lift (C_L)),...

ylabel(Chord (c) [feet),...

legend(V = 40 knots''V = 50 knots''V = 60 knots' 'V = 70
knots),...

grid on,...

axis([0 20 7])

figure
plot(c(19:39), Re(19:39,2), ¢(8:23), Re(8:23,3)),

title({'Reynolds Number as a Funatiof Chord Lengthiat 6000
feet Density Altitude, 7 foot Spa)y'...

xlabel(Chord Length [feet],...

ylabel(Reynolds Numbeéy,...

legend(V = 50 knots'V = 60 knots'2),..

grid on,...
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C. Appendix C: Various Airfoil Data
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Figure 17: E817 Airfoil (Unit Scale)?® Figure 18 E817 Polar Curves (Re = 750,008
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Figure 19: H105 Airfoil (Unit Scale)™ Figure 20: H105 Pohr Curves (Re = 750,000
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D. Appendix D: Advanced Aircraft Analysis Performance Plot
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Table 14: SHARC's Performance Plot

SHARC



Systems Definition and Feasibility Report September 28 " 2007

Aerospace Senior Projects (ASEN 4018 & 4028)

E. Appendix E: Estimated Bill of Materials (SNC Proposal Summer 2007

Vi SHARC



