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PROJECT OBJECTIVES AND 

REQUIREMENTS
Spencer Riggs
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Project Objectives 
& Minimum Requirements 

Å Objectives
ÅDesign, build and fly 

competitive aircraft

ÅCarry high-volume 
payloads for RECUV

Å Volume: 1 ft3

Å Phased array antenna

Å Cameras

ÅDepartmental vertical 
integration

Å Teach design process to 
underclassmen

Å Graduate advisors
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Å Requirements
Å Cruise altitude above 50 

feet AGL with empty 
aircraft

Å Aircraft must be fixed wing 
and electrically powered

Å Aircraft footprint must be 
less than 5 ft x 4 ft

Å Aircraft weight must be less 
than 55 lbs

Å Takeoff distance must be 
less than 75 ft

Å Wings must support 2.5G 
load



Project Measures 
of Success

Å Quantitative
ÅAircraft footprint no larger than 5 ft x 4 ft

ÅMaximum Gross Takeoff Weight (MGTOW) must be less than 55 
lbs

ÅTakeoff distance must be less than 75 feet

ÅVehicle endurance at least 5 minutes

ÅWings support 2.5G load

Å Qualitative
ÅAircraft must provide adequate directional control for all flight 

situations

ÅAircraft front wing stalls before rear wing for stall stability

ÅVehicle integrated into RECUV research fleet
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SYSTEM ARCHITECTURE AND 

COMPONENT DESIGN
Andrew Bell
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Aircraft Model
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System & Subsystem 
Description
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Propulsion
31%

Restraint 
System

7%

Fuselage
32%

Avionics
11%

Wings and 
Empennage

19%

Subsystem Mass Breakdown

ÅEmpty weight: 5.5 lbs
ÅMax T/O weight: 15 lbs
ÅStatic thrust: 9 lbs
ÅPayload capacity: 7.2 lbs



Weight Analysis
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Prototype Empty Weight: 7.8 lbs
Course Vehicle Empty Weight: 5.5 lbs
Competition Vehicle Empty Weight: 4.6 lbs

Prototype Empty-to-Full Weight: 51.9%
Course Vehicle Empty-to-Full Weight: 43.5%
Competition Vehicle Empty-to-Full Weight: 38.9%



Aerodynamic Subsystem 
Design Elements

Design 
Parameter

Front 
Wing

Rear Wing Vertical Tail

Span 5 ft 5 ft 10 in

Chord 8 in 15 in 8 in

Area 3.33 ft2 6.25 ft2 80 in2

Airfoil
Eppler 
E216

Eppler E216 Flat Plate

Incidence -1.3° -1.3° 0°
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Avionics Subsystem Design:
Seagull Pro Architecture
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GPS Receiver
Seagull Pro UnitWireless Transmitter 

Servo Logger 

Motor RPM/Temp

Static/Dynamic 
Pressure

Battery Recorder
(100 Amps)



Avionics Subsystem Design:
Servo Architecture

Servo 

Selection

Weight 

(oz.)

Maximum 

Torque 

(oz.-in)

Maximum 

Speed 

(sec/60°)

HS-65MG 0.39 31 0.11

HS-82MG 0.66 47 0.10

HS-125MG 0.84 49 0.13
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Hitec HS-125MGHitec HS-65MG

Hitec HS-82MG



Propulsion Subsystem
Design Elements
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Component Delivery Mission Payload Mission

Motors Neu 1107/2Y-3400

Gearbox Ratio 4.4 : 1

Battery Pack 8x Intellect IB1400 14x Intellect IB1400

Propellers APC 18 x 10 APC 15 x 8

Speed Controller Castle Creations Phoenix-45

Fuse 40 A Slo-Blo

Wire 14 AWG



Subsystem Changes 
from Critical Design

Å Propulsion
Å Payload mission cell count reduced due to increased 

subsystem performance and decreased system weight

Å Structures
Å Landing gear size reduced due to more accurate 

modeling and to reduce system weight

Å Fuselage/Missions
Å Restraint system redesigned due to changes in 

competition rules & regulations

Å Changed battery location to meet CG design point
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FABRICATION AND 

INTEGRATION
Josh Fromm
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Front Wing Sub-Assembly
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1) Motor cutout and blocks

2) Sheet wings

3) Fuselage cutout

4) Motor mount holes

5) Glue wings together

6) Fuselage mounting blocks

Motor mount blocks

Balsa Sheeting

Mounting Block

Wing Cores



Rear Wing Sub-Assembly
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1) Cut out control surfaces

2) Sheet wings

3) Fuselage cutout

4) Install control surfaces

5) Glue wings together

6) Fuselage mounting blocks

Control Surfaces

Balsa Sheeting

Mounting Block

Wing Cores



Fuselage Sub-Assembly
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1) Fuselage layup

2) Attach bulkheads

3) Landinggear mounting

4) Wing mounting

5) Hatch layup

6) Hatch latching device

Wing Mounting

Bulkheads

Fuselage Layup

Landing Gear Mounting

Hatch Layup



Final Assembly
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1) Install wingson fuselage 5) Install telemetry system

2) Attach wing joiner endplates 6) Install landinggear 

3) Attach tail/nose conesand 
rudder

7) Installpayload system

4) Integrate motors, servos and 
wiring

8) CG balancing

Wings

Bulkheads

Fuselage/ Hatch Layup

Nose/ Tail Cones, Rudder

Payload System

Wing Joiners

Landing Gear

Motors



Manufacturing Lessons 
Learned

Insight Gained

Å Precision with measurements

Å Measure twice, cut once!!!

Å Attention to details

Å Maintain system level 
perspective

Future Suggestions

Å Use jigs and templates

Å Proper use of measurement 
tools

Å Keep dimensioned drawings on 
hand

Å Maintain checklist of 
manufacturing process
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Sub-Assembly Testing & 
Verification Plan

Å Aerodynamics

ÅComputer simulations 
done before flight testing

ÅTesting with prototype 
and final aircraft

Å Avionics

ÅAll sensors tested prior to 
aircraft integration

ÅRetested after aircraft 
integration

Å Propulsion

ÅStatic thrust, fuse, battery 
testing

ÅOptimization performed 
during prototype flight 
tests

Å Structures

ÅBalsa tensile and wing 
static load tests 
performed on 
subassemblies prior to 
manufacturing
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Aerodynamic Subsystem 
Testing

Å Entire design simulated 
in Athena Vortex Lattice 
prior to integration

Å Model includes accurate 
dimensions and correct 
airfoil sections

Å Software predicts: 
ÅNeutral point 

ÅLift distribution

ÅDownwash

ÅStall characteristics 

ÅDynamic response  of 
aircraft to stability modes
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Propulsion Subsystem 
Testing
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Å Dual motor setup

Å Goal:  Maximum thrust possible

Å Maximum current drawn

Å Less than 80 A allowable

Å Battery pack endurance

ÅGreater than 2 minutes (NiMH -
competition)

ÅGreater than 5 minutes (LiPo -
course)

Å Adjustment variables

ÅtǊƻǇŜƭƭŜǊǎΩ ŘƛŀƳŜǘŜǊ ŀƴŘ ǇƛǘŎƘ

dragave FNmaF ++= m

cruisetakeoffavailible dtVIdtVIP )()( +>

Original Design Testing 
Changes

Delivery Mission

Props 17x 9 18 x 10

Max 
thrust/weight

0.6 0.86 lbs

Max current 59 A 67 A

Payload  Mission

Props 15x 8 16 x 8

Max 
thrust/weight

0.6 0.8

Max current 77 A 77 A

CELLSLOSS RIP Öº 2

Performance Constraint: 75 ft takeoff



Structures Static Wing 
Load Testing

Test Procedure

Å Goal: verify structural design 
meets required loads and 
validate design models

Å Wing half attached to 
fuselage test stand and 
loaded to failure using wiffle
tree

Å Tip deflections measured for 
each wing section at each 
load

Results

Å Ultimate load exceeded 
predicted load by 5%

Å Deflection significantly 
larger than predicted

Å Design models adjusted to 
better reflect tip deflection
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EXPERIMENTAL TEST 

RESULTS
Jon Todd
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PDD Requirements

Å All PDD requirements 
achieved

Å Straight forward 
requirements derived 
from competition 
requirements

Å Additional information 
in backup slides

Å Safe altitude of > 50 ft

Å < 75 ft take off distance

Å Fits in 4 X 5 ft footprint

Å Delivery mission flight

Å Payload restraint system 
for all payloads

Å All components meet 
competition requirements
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Testing Results Overview

Complete
100%

In work
0%

Awaiting 
testing

0%

Required Tests: 12 Tests

Complete
72%

In work
22%

Awaiting 
Testing

6%

Primary Tests: 32 Tests

Complete
34%

In work
13%

Awaiting 
Testing
53%

Secondary Tests: 19 Tests
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Verify minimum project 
requirements from PDD

Verify design models

Optimize vehicle for
competition



Required Aerodynamic 
Testing

Å Test Objective

ÅFly aircraft at empty 
weight above 50 ft AGL

Å Parameters Recorded

ÅBarometric Altitude

Å Test Results

ÅAircraft is able to fly 
empty above 50 ft AGL
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Flight Control Test

Å Test Overview
ÅDetermine controllability 

of aircraft

Å Parameters Recorded
ÅCooper-Harper Pilot 

Rating Scale (CHPRS)
Å 1 ςExcellent
Å 10 ςUncontrollable

Å Test Results
ÅPilot reports all controls 

have CHPRS rank of 1
ÅExceeds requirement for 

adequate aircraft control
Å Rank 3 or better

Task CHPRS
Rating

Rudder
Full Left 1

Full Right 1

Elevator
½ Up 1

½ Down 1

Ailerons

½ Left 1

Full Left 1

½ Right 1

Full Right 1
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Control Surface 
Sizing Test

Å Test Objective
Å Validate control surface 

designs

Å Parameters Recorded
Å Servo travel

Å Test Results
Å Full deflection of control 

surfaces not needed during 
normal flight

Å High Risk Item
Å Risk: Controls are sluggish or 

twitchy
Å Mitigation Plan: Alter 

deflections in transmitter
Å Actual Solution: Surface sizing 

was adequate
Å Performance Impact: Plane is 

able to fly required missions

Surface Span Chord Maximum 
Deflection

Elevator 13έ рέ 26°

Aileron мнέ оέ 30°

Rudder млέ нΦфрέ όa!/ύ26°
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