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Gantt chart
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Speedfest XI Objectives
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• DESIGN AN ELECTRIC-POWERED AIRCRAFT OPTIMIZED FOR
VERTICAL AND HORIZONTAL ACCELERATION USING A 6S
BATTERY LIMITED BY A 40A FUSE

• CLIMB TO 500 FT, DESCEND, AND COME TO A FULL-STOP
LANDING IN THE SHORTEST TIME

• ACHIEVE THE FASTEST SPEED IN 10 SECONDS AFTER TAKEOFF

• PERFORM A 4-MINUTE AIRSHOW, INCLUDING AEROBATIC
MANEUVERS

• DESIGN THE MOST MARKETABLE PLANE

CONOPS REVIEW – VERTICAL DRAG RACE



Score Optimization
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• MAXIMIZE THE POWER DRAWN FROM THE
BATTERY & CONVERSION TO THRUST

• MINIMIZE THE WEIGHT OF THE AIRCRAFT TO
INCREASE ACCELERATION

• UTILIZE THE PROPULSION SYSTEM TO DECELERATE
WITH REVERSE THRUST

• MITIGATE TORQUE WITHOUT POWER COSTS

• MAINTAIN PROPER CONTROLLABILITY AND
HANDLING QUALITIES



CAD
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• HOW CAN CAD SCORE
POINTS?

• WHAT PLANE ARE WE
ACTUALLY DESIGNING?

• MANUFACTURABILITY



Design for Manufacturing
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TOLERANCE WITHIN SOLIDWORKS

DESIGN CORNER FITTING TOOLS FOR
THE MOLDS

ENSURE AIRPLANE IS CONFIGURABLE
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testing



Final CAD
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Final CAD
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CAD Next Steps
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• CNC THE PLUGS AND
PARTING BOARDS

• MAKE JIGS-N-STUFF FOR
STRUCTURES

• FINALLY GET SOME SLEEP?
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Propulsion



13

Motor testing: quad motors
MOTIVATION
• BEST THRUST TO WEIGHT (≤25)
• VERY LIGHT (40 GRAMS)
• WIDE RANGE OF KV RATINGS

DISCOVERIES
• NONE SURVIVED >50A
• RATED FOR USE WITH OTHER MOTORS

• NOT SUITABLE FOR CURRENT APPLICATION



Motor Testing: Inrunners
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Top 10s Speed Time to 500 ft Static Thrust (lbs)

167 mph 6.46 s 2.8

MOTIVATION
• MOST RELIABLE

• ACCEPTABLE THRUST-TO-WEIGHT
RATIO (≤ 11)

• OUTER CASING HELPS HEAT
MITIGATION

• AVAILABLE TO TEST DURING
SNOWSTORM



15

Motor testing: BadAss Motors

Top 10s Speed Time to 500 ft Static Thrust (lbs)

173 mph 4.84 s 4.2

MOTIVATION
• SLIGHTLY HEAVIER THAN QUADS (100 –

120 GRAMS)
• GOOD THRUST-TO-WEIGHT RATIO (≈17)
• WIDE RANGE OF KV RATINGS

• BETTER REPUTATION THAN QUAD MOTORS



Optimum KV Range
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Testing setup



Motor Selection
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Final Selection: BadAss Motors
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QUALITATIVE BENEFITS
• EASIER TO OBTAIN

• HIGH DURABILITY

• EXTERNAL MOUNTING HELPS INTERNAL
HEAT GENERATION

• UNIQUE/MARKETING BENEFIT

QUANTITATIVE BENEFITS
• BETTER THRUST-TO-WEIGHT

• HIGHER STATIC THRUST

• SUPERIOR CLIMB RATE

• BEST 10S HORIZONTAL SPEED



• REQUIRED FOR SUCCESSFUL DECELERATION

• PRODUCED ABOUT -3 LBF OR ≈70% OF
FORWARD THRUST

• LARGER PROPELLER REQUIRED FOR
HANDLING

• BEST RESULTS WHEN THROTTLED
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Reverse thrust testing



• FUSE DIMENSIONS: 0.16 X 0.73 X 0.75 
IN

• FUSE OPERATING VALUES LOWER THAN
PREDICTED

• 3D PRINTED FUSE HOLDER TO REDUCE
WEIGHT
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Fuse considerations
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CAPABLE OF REVERSE THRUSTING: BL HELI

NOMINAL RATING: 80A

COMFORTABLE OPERATING AT 120°F

WIRE LENGTH HAS LARGE IMPACTS

• ESC: 170°F

• CAPACITOR: 170°F
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ESC testing



400,000/# OF POLES

OUTRUNNER # OF POLES: 14

RPM: ≤ 35,000 RPM

UPPER KV LIMIT: ≈ 1900KV
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Commutator Timing



MINIMUM REQUIRED CAPACITY: 1000 MAH

MINIMUM DISCHARGE RATE: ≈ 60C

MAX. RECORDED TEMPERATURE: 100°F
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Battery Selection



Only you can prevent

LiPo fires

Heat generation
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7W, 3%

80W, 31%

150W, 58%

20W, 8%

Wires
Battery
Motor
ESC Motor

Battery

ESC

Heat Generation Break-Down HEAT MITIGATION STRATEGIES

• ALUMINUM HEAT-SINK (ESC)

• AIR-SCOOP

• EXTERNALLY MOUNTED MOTOR



• BADASS 2814 1560 KV MOTOR

• APC 7X5 PROPELLER

• BLHELI 80A ESC

• 1050 MAH BATTERY

• 4.4 LBS STATIC THRUST @ 80% THROTTLE

• 3.8 LBS-IN TORQUE
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Current Propulsion Configuration



Testing casualties
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FINE-TUNE DIAMETER SELECTION

ALLOWS TESTING OF LARGE PITCH OVER
DIAMETER

COMPATIBLE WITH 3-BLADE PROPELLER

DREMEL ATTACHMENT ENSURES EVEN CLIPPING
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Prop-timization
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Prop-timization: Current vs. Speed

4.4 LB THRUST, P/D ≈ .8

2.9 LB THRUST, P/D ≈ 1
1.9 LB THRUST, P/D ≈ 1.2



PICK BEST BADASS

FIND BEST PROPELLER

CONTINUE REVERSE THRUST TESTING

DETERMINE OPTIMAL WIRE SIZE

CONNECT/PROGRAM THE TRANSMITTER
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Propulsion next steps



Aerodynamics
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Aero optimization procedures
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1. DETERMINE HOW TO MAXIMIZE POINTS

2. CONDUCT SENSITIVITY ANALYSIS

3. CHOOSE PLANFORM THAT WINS !!



Launch Testing

33

50

33

45

38

28

33

55

35

29 29

41

25
22

38

0

10

20

30

40

50

60

Sam Meredith Sidney Jonathon Haley Braxton Levi

M
ax

im
um

 T
hr

ow
 S

ee
d 

(ft
/s

)

Person Throwing

Throw Test Data

Sidearm

Overhead

GOALS
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METHODS - TESTING
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OVERHEAD LAUNCH SPEED RANGE: 22 – 41 FT/S

SIDEARM LAUNCH SPEED RANGE: 28 – 55 FT/S

FLY CHUCKY FLY !



Launch: Analysis
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WING Design Space – wing Sizing
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Sizing: wing geometry
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S = 0.9 FT2

B = 28 IN
TAPER RATIO = 0.7

• MOVES STALL POINT OUTBOARD FROM
ROOT (76% OF B/2) BUT PREVENTS TIP
STALL

• STRUCTURAL STRENGTH

SWEEP = -0.5 DEG



Airfoils: mission strategies
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THIN AIRFOILS - OPTIMIZED FOR LOW DRAG AT HIGH SPEEDS (EX. NACA 64-108)

THICK AIRFOILS - OPTIMIZED FOR GREATER LIFT COEFFICIENT (EX. NACA 2412)

DRAG POLAR AT TOP SPEED (RE = 700,000) DRAG POLAR AT LAUNCH SPEED (RE = 100,000)
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Airfoil: High Speed OPS
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AirfoiL: Low Speed OPS
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Forward half based on NACA 2412 - Rear half based on NACA 1412

Airfoil: Lifty boi 13
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DRAG POLARS LIFT CURVE



Analog flight testing
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CONTROL ISSUES DURING DIVE REVERSE
THRUST TESTING MOTIVATED SOME TAIL
DESIGN CONSIDERATIONS AND CFD 
ANALYSIS



Surface Airfoil Area (ft^2) Span (in) Tail Volume 
Coefficient

Static Margin 
(Low Speed)

Static Margin 
(High Speed)

Horizontal Tail NACA 0014 0.14 9 0.61 12% 22%

Vertical Tail NACA 0012-0010 
Blend 0.08 4 0.05 197% 157%

Tail sizing
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Pitch Moment Coefficient vs. Alpha
At High Speed

Alpha (deg)
C

m

Pitch Moment Coefficient vs. Alpha
At Low Speed

Alpha (deg)

C
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Stability / CG analysis
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Control surface sizing
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CM VS
ALPHA

HANDLING
QUALITIES

FLIGHT
TEST

DYNAMIC
STABILITY

STATIC
STABILITY

FLIGHT
SIM

AILERONS AND ELEVATOR



Control surface sizing 
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Alpha (deg)

C
m

Pitch Moment vs. Elevator Deflection

AILERON SIZE
• 7 IN SPAN

• 20% CHORD

• MAX DEFLECTION ANGLE OF 15 DEG

ELEVATOR SIZE
• CONTINUOUS ELEVATOR

• 30% CHORD

• MAX DEFLECTION ANGLE OF 20 DEG



Servo sizing
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KST X08 Plus Ailerons Elevator

KST X08 PLUS

• 7.4 V OPERATING
VOLTAGE

• 0.32-OUNCE WEIGHT
(SMALLEST WE COULD
FIND)

• 0.3-INCH THICKNESS
(SMALLEST WE COULD
FIND)



CFD
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GOALS

• DRAG BRAKING METHODS

• CONTROLS IN REVERSE THRUST

PROPELLER FLUID MESH

FLAPERONS
FUSELAGE DRAG BRAKES



CFD: drag braking methods
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CFd: forward thrust
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FORWARD THRUST
• WING RECEIVES GOOD PROPWASH

SO AILERONS WILL BE MORE EFFECTIVE

• TAIL RELATIVELY UNAFFECTED

• DISCLAIMER: DONE TO SHOW
TRENDS, NOT FINAL CAD

MESH: 7,300,000 FLUID CELLS

FLUID CELLS CONTAINING SOLIDS: 323,000

FREE STREAM VELOCITY: 100 FT/S

POINT VELOCITY: 98 FT/S



Cfd: reverse thrust

50

POINT VELOCITY: 97 FT/S

MESH: 14,500,000 FLUID CELLS

FLUID CELLS CONTAINING SOLIDS: 715,000
FREE STREAM VELOCITY: 100 FT/S

REVERSE THRUST
• DISCOVERED THAT AT HIGH RPM, THE WING

RECEIVES SIGNIFICANT REVERSE PROPWASH –
ATTEMPTED WITH TWO RPM CASES

• TAIL REMAINS RELATIVELY UNAFFECTED

• NOT FINAL CAD
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FLIGHT SIMULATOR ALLOWS FOR A ROUGH ESTIMATE OF HANDLING AND ANALOG FOR REAL WORLD PERFORMANCE

ACHIEVED PERFORMANCE (UNTRAINED PILOT)

VERTICAL DRAG RACE: 16 SEC

HORIZONTAL DRAG RACE: ~150 MPH IN 10 SEC
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Aero next steps
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AILERON SIZING

AVIONICS CONFIGURATION

ASSISTING STRUCTURES

MARKETING



Structures
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GOALS:

• DESIGN STRUCTURE TO MEET THE AERODYNAMIC AND PROPULSION NEEDS

• TEST AND FINALIZE MATERIAL SELECTION

• LEARN AND OPTIMIZE MANUFACTURING PROCESSES

SINCE PDR:

• 20+ COMPOSITE LAYUPS TESTED

• COMPARED BONDING TECHNIQUES

• TESTED CORE TYPES AND COMPOSITE APPLICATION METHODS
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WING layout
SINGLE SPAR

22 INCHES

BALSA AND CARBON TOW

FOUR-RIB DESIGN
BALSA WOOD

BOOKENDING AILERONS

SHEAR WEBS

REINFORCE WING AND
AILERON

SERVO

BONDED TO TOP OF WING
INTERNAL SKIN

OPTIONAL BLISTER

PITOT

AFFIXED TO LE 3D
PRINTED MOUNT



Wing spar design
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Core Width G loading Deflection %
1/16” 26.3 1
1/4” 39 1
1/2” 39 1

Composite 
Equivalent Area 
Method

WING SPAR WAS SIZED WITH A GOAL OF A MAXIMUM 1% WINGTIP DEFLECTION.
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Ailerons and Wipers

SHEAR WEB LOCATIONS

• LIVE HINGE AT 80% CHORD

• AFT WING SHEAR WEB 0.45 INCHES FORWARD
OF HINGE

• AILERON SHEAR WEB 0.25 INCHES AFT OF
HINGE

WIPER SIZING

• MAXIMUM DEFLECTION OF 30 DEGREES

• CUTOUT 0.15 INCHES

• WIPER SIZED TO BE 0.32 INCHES
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Servo systems

ELEVATOR SERVO

• 20-DEGREE MAX DEFLECTION ANGLE

• RIGID 0.05” CF PUSH-ROD

• TOP MOUNTED CONTROL HORN

AILERON SERVO - 63.65 OZ-IN

INTEGRATED DRIVE SYSTEM (IDS) FOR WING

• 30-DEGREE MAX DEFLECTION

• SLIMMER SYSTEM REMOVING NEED FOR BLISTER
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WING attachment
GOALS: STRONG, EASY, LIGHT

LEADING EDGE TAB

• CARBON TOW

• 20 LAYERS, APPROX. ¼ INCH

TRAILING EDGE SCREWS

• SIZE 8-32 CLICK BOND NUT PLATE

• SIZE 8-32 TORX HEAD SCREW

• TINNERMAN WASHERS

ATTACHMENT POINTS – PARTIAL BULKHEADS

• BALSA

• LOCATED ON LE AND TE OF WING TAB

• REINFORCED SKIN WITH CARBON TOW
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Bulkheads

FIREWALL

• 0.1” CARBON FIBER, 1.35” DIAMETER

• OUTRUNNER MOUNT

• CARBON TOW REINFORCED SKIN

• BALSA CORE STOPS AS REAR SUPPORT

BULKHEADS

• REDUCED WEIGHT & EXTRA FUSELAGE ROOM

• SPREAD TOW SKIN REINFORCEMENT POST LAYUPS

• LE HAS TAB SLOT

• TE HAS SCREW MOUNT



Fuselage design
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GOALS

• ROOM FOR THE COMPONENTS

• STABILITY

METHODS
• CREATED TO SIZE DESIGNS OF FUSELAGE AND REARRANGED COMPONENTS REPEATEDLY

• 3D-PRINTED MODELS

• INCREMENTED THE LENGTH OF FUSELAGE

• INCREMENTED THE WIDTH OF FUSELAGE

FUSELAGE LENGTH:

28.5 IN WITH MOTOR AND
SPINNER

(26 IN WITHOUT MOTOR AND
SPINNER)

MAX WIDTH: 2.1 IN

MAX HEIGHT: 2.1 IN
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Fuselage layout

HATCH LOCATIONS
• REMOVABLE WING

• FUSE PORT

• SERVO MAINTENANCE POINTS
ON UNDERSIDE OF WING

GOAL: AS FEW HOLES IN THE PLANE AS POSSIBLE

PITOT TUBE

• 3D PRINTED MOUNT

• ALLOWS FOR EASY
REPAIR/REPLACEMENT

AIRFLOW
• INLET SCOOP

• REAR ‘EXHAUST VENT’

• LOCATION FOR RECEIVER
ANTENNAS



Fuselage layout
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ESC

FUSE

AURA 5 LITE

6S BATTERY

AMS SENSOR ELEVATOR SERVO

2S BATTERY
RECEIVER



Vertical tail layout
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VERTICAL STABILIZER

• SLOT CUT INTO FUSELAGE WITH A JIG

• ATTACHED TO FUSELAGE USING EPOXY ON
SIDEWALLS

• SLOTTED ALONG MOLD LINE FOR PUSH ROD
PASSAGE



Horizontal tail layout
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HORIZONTAL STABILIZER

• PART OF FUSELAGE MOLD

• CORE IN FRONT OF ELEVATOR HINGE LINE

• SHEAR WEBS TO REINFORCE SKIN AROUND
HINGE LINE
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Mold lines
FUSELAGE

• TOP/BOTTOM

• ALLOWS FOR SEXY LEADING EDGE ON
HORIZONTAL TAIL

WING

• TOP/BOTTOM MOLD

• SPEED SENSOR CAN SIT UNDER TAB IN
WING HATCH SLOT

VERTICAL TAIL

• SIDE/SIDE MOLD

• FLARED BOTTOM TO ALLOW FOR
BONDING TO FUSELAGE

• EASE OF INSTALLATION OF ELEVATOR
SERVO
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Materials

MATERIALS TESTED:

FIBERGLASS – 0.73 OZ, 1.4 OZ, 2.0 OZ, 2.75 OZ

1K CARBON FIBER WEAVE – 3.5 OZ

CARBON SPREAD TOW – 2.36 OZ

CORE TESTED:

DIVINYCELL

TOOLING GLASS

BALSA



Skin Weight
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Skin Weight for Layup Compositions

CAD SKIN AREAS

CALCULATED/RESEARCHED WEIGHT DENSITIES

DOUBLE FIBER LAYERS FOR EPOXY APPROXIMATIONS

COMBINATION SELECTED, SHOWN AS OPTION 9

• WING AND VTAIL ARE CST, BALSA CORE, 
45/90 FG

• FUSELAGE AND HTAIL ARE 90/45 FG, BALSA
CORE, 45/90 FG 



• INITIAL INTERNAL DIMENSIONS

• MATERIAL DENSITIES FOR
BALSA, CARBON TOW, AND
AERO BIRCH PLYWOOD

• ALL WEIGHTS USED TO FIND
CG
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Internal Weight



TOTAL STRUCTURAL WEIGHT
ESTIMATED TO BE 0.7LBS

MOSTLY SKIN WEIGHT
70

0.16

0.34

Skin vs Internal Weight Estimations

 Internal Total Skin Total

0.70

0.75

0.33

Total Aircraft Weight

Structures Propulsion Avionics

TOTAL PLANE WEIGHT ESTIMATED
TO BE 1.8LBS

Weight Estimations



OVER 20 TEST LAYUPS

PRACTICE MOLDS

• CORE PLACEMENT

• BALSA FORMING

• AILERON RIGIDITY

• SPAR

FIBERGLASS VS BALSA BONDING DAMS

3D PRINTED HATCHES
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Preliminary testing
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Marketing

73



Marketing: General
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DESIGN THE DEFINITIVE RC DRAGSTER IN A NEW
CLASS OF AIRPLANE

• CREATIVE PAINT SCHEMES

• CARBON FIBER ACCENTS

OPTIMIZE FOR ACCELERATION WITHOUT
SACRIFICING EXTREME SPEED

COMPLIMENT EXCELLENT MANUFACTURING WITH
EXQUISITE ARTISTIC DESIGN (WE MADE OUR OWN FONT)

CREATE A PROFESSIONAL WEBSITE THAT
EMPHASIZES PERFORMANCE

PRODUCE PROFESSIONAL QUALITY MARKETING
VIDEO



Marketing: Video
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REVIEWED PAST SPEEDFEST VIDEOS TO DETERMINE PREFERRED FORMAT & ADDITIONS

PLAN TO DEVOTE FRAMES TO UNIQUE ASPECTS OF PLANE—AS WELL AS THE NAME OF
THE PLANE (TBD)

• OUTRUNNER MOTOR (POSSIBLE)

• LIGHT & SMALL DESIGN

• SPEED

• HORIZONTAL & VERTICAL MISSIONS

• ELECTRIC PROPULSION SYSTEM

STORYBOARD OF VIDEO OPENING SHOTS



Questions?
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appendix
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Schedule
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• Common airfoils (ex. NACA 2410/2412) chosen as 
baseline for mission performance and launch

• Between the wing and tail, 24 established and 13 
custom-blended airfoils were considered.

• Thin airfoils didn’t generate enough lift during 
launch/early part of drag races to be selected

• Thick airfoils were close to thin airfoils in 
performance during vertical climb and horizontal 
race

Airfoil downselect

79



QUADCOPTER MOTORS INRUNNER MOTORS BADASS MOTORS
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• NONE SURVIVED TESTING

• COULD NOT REACH 65 A

• BEST THRUST TO WEIGHT
(≤25)

• OUTLASTED FUSES

• REACHED CURRENT
THRESHOLD

• MEDIOCRE THRUST TO
WEIGHT (≤11)

• OUTLASTED FUSES

• REACHED CURRENT
THRESHOLD

• ACCEPTABLE THRUST TO
WEIGHT (≈17)

Motor testing: overview



• MOST RELIABLE

• SMALLEST THRUST-TO-WEIGHT RATIO

• 160-180 GRAMS

• CUSTOM ORDER
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Motor testing: inrunners



• Airfoil, near-to-launch airspeed, 
and aircraft geometry provide 
aircraft drag polar. 

• Total Drag Contributions (Races: 
Re = 700k, low α)

• Wing – 46.6%
• Tail – 28.4%
• Fuselage – 25% 

CL,MAX αSTALL (deg)

1.2 13

Drag breakdown
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Aero questions

83
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