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Acronyms, Abbreviations, and Symbols

A Change in variable Kt Torque Constant
o, Aileron deflection Kv Speed Rating
5. Elevator deflection LE Leading Edge
5, Rudder deflection MAC Mean Aerodynamic Chord
AIAA  American Institute of Aeronautics and MDO Multi-Disciplinary Optimization
Astronautics
AoA  Angle of Attack (also a) N Number of laps flown by USC
AVL Avena Vortex Lattice NiCad Nickel Cadmium
b span NiMH Nickel Metal Hydride
Number of balls carried by USC Nmax Maximum number of laps by any team
B nax Maximum number of balls carried by any team oD Outer Diameter
BWB Blended Wing Body OML Outer Mold Line
cl4 Quarter Wing Chord RAC Rated Aircraft Cost
Co 3-Dimensional Drag Coefficient R/C Rate of Climb
(o 2-Dimensional Drag Coefficient Re Reynolds Number
Cbmin  3-Dimensional Minimum Drag Coefficient RFB Dr. Ron F. Blackwelder ©
Cdmin 2-Dimensional Minimum Drag Coefficient Ry Resistance
Coo Parasite Drag Coefficient S Planform Area
CG Center of Gravity S&C Stability and Control
C. 3-Dimensional Lift Coefficient SM Static Margin
c 2-Dimensional Lift Coefficient Suet Wetted Surface Area
CLmax  Wing Maximum Lift Coefficient uscC University of Southern California
Cimax 2-Dimensional Maximum Lift Coefficient Vruise Cruise Velocity

DBF Design Build Fly
FOM Figure of Merit
leuise  Cruise Current
ID Inner Diameter

lo Idle Current



1. Executive Summary

This design report describes the design, testing, and manufacturing efforts of the University of
Southern California’s team, The RFB, in preparation for the 2010-2011 AIAA Design/Build/Fly
Competition. The team’s aim is to produce an airplane that maximizes the total score according to the
rules provided by the contest organizers. A comprehensive management plan was developed and
executed to ensure efficient use of the team’s resources.

The scoring for this year's competition is dependent upon three elements: a written report score,
the mission scores, and a cost score (Rated Aircraft Cost, RAC). The RAC is the maximum empty weight
of the aircraft for any of the three flight missions. The first mission requires the aircraft to fly as many laps
as possible in a time limit of four minutes, simulating a dash to a critical target. The second mission
consists of flying three untimed circuits of the course while carrying an internal payload of a steel bar,
which simulates ammunition. The third mission consists of flying three untimed laps while carrying an
internal payload of golf balls, which simulates medical supplies. The aircraft must fit in a commercially
available carry-on suitcase with a total dimension not to exceed 45 linear inches, where one single
dimension may not exceed 22 in. For all missions, the aircraft is to be hand launched. Early score
analysis and trade studies show that the most significant design parameter is RAC, as it has the strongest
sensitivity on the Total Flight Score. Analysis shows that the team with the lowest RAC that could
successfully complete all three missions would be the likely winner of the competition. Therefore, an
aggressive integrated configuration, sizing, propulsion, and aerodynamic program is used to minimize the
aircraft's RAC while still making it possible to successfully complete all missions.

The preliminary design phase involves selecting the optimum general aircraft and subsystem
configurations using Figure of Merit (FOM) analyses, vyielding the choice of a monoplane with a
conventional tail and single tractor propeller. Each component is selected to provide sufficient aircraft
performance while minimizing the RAC. Further into the detailed design phase, iterations for
aerodynamic and structural performance result in an aircraft with a balsa-sheeted foam wing with a span
of 13.3 in, a wing surface area of 50 in? and a custom low drag airfoil. The small wing size and material
selection ensures a low weight yet aerodynamically excellent wing that will allow the aircraft to fly the
high-speed mission (Mission 1) as well as withstand a large wing loading resulting from carrying a steel
bar that is one half of the total flight weight (Mission 2). The chosen wing sizing also allows for the aircraft
to successfully carrying a single golf ball in Mission 3. Propulsion package optimization and testing
results in a propulsion package selection for all three missions to be a Tmotor T1805 spinning an APC
6x5.5 propeller, powered by 8 KAN 400mAh 2/3 AAA batteries. This propulsion package selection
ensures a low weight contribution to the RAC while providing adequate power for the aircraft to fly for at
least four minutes in Mission 1 as well as to fly with a large wing loading in Missions 2 and 3. The
empennage surfaces solid balsa surfaces. The aircraft is sized with ailerons and elevators only, providing

adequate stability and control in flight tests, confirming the estimated computational design. To further
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ensure a rigid light-weight aircraft, a carbon fiber tube runs the full length of the aircraft, encompassed by
a fuselage made of two plies of 1.7 oz/yd2 Kevlar; this light-weight material provides wear resistance upon
landing and rigidity during in-flight loads. The competition aircraft and some of its important features are
depicted in Figure 1.

The predicted capabilities of the final competition aircraft are as follows: cruise speeds of
approximately 104 ft/s for all three missions, wing loadings (Ibs/ftz) are 1.29, 2.51, 1.63, and thrust-to-
weight ratios are 0.281, 0.146, 0.222 for Missions 1, 2, and 3 respectively. The predicted RAC is 0.4 Ibs.
These predicted performance and scoring parameters couple to result in a highly competitive mission-

oriented vehicle.
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Figure 1: The competition aircraft and important features.

2. Management Summary

The AeroDesign Team consists of about 40 members ranging from freshmen to graduate students.
The team operates as an extracurricular activity. Input and guidance from industry advisors and USC

faculty aided the direction of the team.

2.1 Team Organization

The team used a hierarchical structure to facilitate active collaboration amongst all its members. The
structure is shown in Figure 2. The team was led by the Program Manager and Chief Engineer. The
Program Manager oversaw all logistic aspects of the team and was responsible for overall team
productivity and progression. The Program Manager’s tasks included overseeing the master schedule,
organizing design reviews, and running team meetings. The Chief Engineer worked closely with the
manufacturing and design groups to confirm effective collaboration, ensuring that all subgroups integrated

in terms of design cohesively, fabrication, and testing.
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Dr. Jerry Chen Dr. Charles Radovich Mark Page Wyatt Sadler
Faculty Advisor Faculty Advisor Industry Advisor Industry Advisor
Test Pilot
Matthew Cowan Shanling Yang
Chief Engineer Program Manager
Ben Ackerman Geoff Martindale Josh Villbrandt Anna Holmes
Aerodynamics, Configuration & Performance Payloads
S&C Manufacturing
Ben Title Andrew Hanes Carson Vogt
Propulsion Flight Test Structures
Coordinator
Claire Heatherly Nadia Bess
Fuselage & Landing Treasurer,
Apparatus Secretary

Figure 2: USC AeroDesign team architecture.

2.2 Subgroups

Figure 2 shows the subgroup division of the team. The individual subgroups and corresponding

responsibilities are as follows:

Aerodynamics and Stability & Control: Carries out all analyses related to the flight
performance of the aircraft. Analysis is conducted using software and traditional wind tunnel
methods. Software used includes Athena Vortex Lattice (AVL) code, XFOIL, and XFLR5.
Configuration: Maintains the virtual construction of the airplane using SolidWorks as the primary
program to create a 3D model of the airplane and all corresponding components.

that
airframe. Responsibilities include the use of RCATS, a data collection program, to collect test
flight data.

Fuselage & Landing Apparatus: Sizes and constructs the landing surface and skids of the

Flight Test Coordinator: Plans and executes all tests involve the complete

aircraft.

Manufacturing/Build: Works closely with the Chief Engineer to oversee the manufacturing
process. The Build Captain acts as lab manager and directs the construction of the aircraft.
Payloads: Develops and integrates payload restraints and loading methods. The choice of the
system suitcase is also this subgroup’s responsibility.

Performance: Is responsible for sizing the aircraft using the team’s multidisciplinary optimization
(MDO) tool, PlaneSizer. This subgroup is the focal point of the iterative design process and
incorporated designs from all other subgroups.

Propulsion: Conducts the sizing, prediction, optimization, and analysis of the electric motors and
batteries.

Structures: Sizes, optimizes, and analyzes all critical load bearing members of the airframe.
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2.3 Scheduling and Budget Control

The Program Manager is responsible for maintaining and updating the master schedule for the
project. The master schedule portrays planned and actual execution of all team functions throughout the
school year, as shown in Figure 3. The team enjoys substantial financial and leadership support from the
Viterbi School of Engineering Office of Student Affairs as well as donations from corporate sponsors.
Their combined generosity ensures that the team has sufficient resources to participate in the DBF

competition.

Tatk Nave August September | October November | December | Janua | February [March | Apdl
Alrcraft Design
Conceptual Design —_—
Prebminary Design
Detaded Dasign —
Desgn Froezs un
- Manufacturing > —
Compoeant Development
RFB 004 Construchon —_—
RFB 006 Construction G
Final Aircraft Construchion | S ——
- Testing R —
—_— -

Propulson System Testng
Matersal & Part Testing
RFB 004 Testng -
RFB 006 Testng ——
Final Aircraft Testng

Design Report . _____________________________________________________________________J
Compde Design ——
Information
Draft Report CO—
Finak2ze Repon -
Report Due W1

Figure 3: Master schedule for the USC AeroDesign Team.

3. Conceptual Design

The mission requirements and design constraints were taken as the beginning point of
conceptual design for the team. The conceptual design process selected a configuration that provided
the best total score of all missions. The initial configuration was selected through figure of merit analysis;
this was followed by subsequent selection of subsystems. The downselect methodology is shown in

Figure 4.

MISSION
REQUIREMENTS

SCORE
ANALYSIS

CONFIGURATION
DOWNSELECT

SUBSYSTEM
DOWNSELECT

Figure 4: Methodology for conceptual aircraft selection
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3.1 Evolution of Design

This year the competition rules underwent a few changes, which inevitably resulted in evolution of
design of the team’s conceptual aircraft. The initial set of rules did not include any dependence on
aircraft weight; thus the initial score analysis produced a primitive plane that was designed, built, and
tested in the second week of the school semester. Then, a first set of rule changes incorporated a factor
of aircraft empty weight, which brought forth a new score analysis and induced changes to the original
conceptual design. Then, a second set of rule changes altered the effect of the empty aircraft weight on
the score, calling for another score analysis and subsequent evolutionary changes. The morphology of
the conceptual aircraft is shown in Figure 5 below with indications of rule change occurrences. The
Preliminary Design and Detailed Design Phase aircraft in following sections are RFB 004 and RFB 006,
respectively. Iterations RFB 001, 003, 004, and 006 are pictured below in Figure 6.

@ RFB 002

RFB 001 (October, 2010)

(September, 2010) Rule
Change #2

(November, 2010)

<
RFB 006

(Detaile@) %2/ St RFB 003
RFB 005<—RFB 004"‘/‘

(Preliminary Design)

Figure 5: Morphological chart of aircraft iterations. All images are to scale.

Figure 6: RFB iterations (right to left): RFB 001, 003, 004, and 006.
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3.2 Mission Requirements

The 2011 DBF Competition is comprised of three flying missions, including one speed mission and
two payload-carrying missions. Each mission requires the aircraft to be hand launched and capable of

flying the laps illustrated in Figure 7.

O 360 Degree Turn
| — |

| |

| |

I Starting Line |
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Figure 7: AIAA Design Build Fly competition laps in their 2-dimensional layout (left) and simulated 3-
dimensional path (right).

Additionally, contest-specified mission and vehicle requirements are as follows":

* Maximum % Ib. battery weight, using only nickel cadmium (NiCad) or nickel metal hydride (NiMH).

e 20 Amp (slow-blow fuse) current limit.

* The complete flight system must fit inside a commercially available carry-on suitcase, the size of
which cannot exceed 45 linear inches (the sum of length, width, height of the suitcase cannot
exceed 45 in). No single dimension can exceed 22 in.

* A steel bar with minimum dimensions of 3 in by 4 in serves as the simulated ammunition in
Mission 2 and must be carried inside of the aircraft outer mold lines; the steel bar must be
supplied by the team.

* Standard golf balls serve as the simulated medical supplies in Mission 3 and must be carried

inside of the aircraft outer mold lines; the golf balls will be provided at the contest.

3.2.1  Mission 1: Dash to Critical Target

This mission is purely a speed mission and does not include a payload. The aircraft has a time
constraint of 4 minutes to complete as many competition laps as possible. The flight time begins when
the aircraft leaves the launcher’s hand; only complete laps, not partial laps, will be counted in the total lap
count. The Mission 1 score, M1, is based on the number of laps flown by USC, N, and the maximum

number of laps flown by any team in this mission, N,,.,, as shown in Equation 1:

M= W
N,

3.2.2 Mission 2: Ammo Re-Supply

This mission requires the aircraft to complete three competition laps while internally carrying the steel
bar. There is no time constraint for this mission. The Mission 2 score, M2, is determined by the fraction
between the payload weight, W,,,, and flight weight, Wygn: (Where Wygne = Wpay, + RAC); M2 is given by
Equation 2:




























































































































































