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Mission Statement 

“To manufacture and field a UAV with STOL capabilities able to deliver 3 pounds 

of medical supplies to an isolated area 10 miles away, controlled completely by a 

single operator.” 
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Autonomous Return to 
Base 

45 Degree 
Glideslope 

Capable of landing 
with/ air-dropping 

supplies 

Ground Takeoff Capable 

C-130 
Deployable 

Carries a payload 
of up to 3 pounds 
of medical supplies 

Deployed at 15,000 feet and 
140 knots airspeed 

Operates  
anywhere around 

the globe 

Capable of 
landing in a  

100’ x 100’ area, 
clearing obstacles  

up to 40’ high 

Project Little Nellie II 
Medical Resupply AutoGyro 

Line of Sight 
Control Range:  

5 Miles 

Can reach remote locations faster than 
land-based medical services 

Operates at 200 Feet AGL 
and 20 knots 

Concept of Operations 
 
 

4 10 Mile Range 



Mission Success Criteria 

•  Deliver Emergency Medical Supplies to Remote or Difficult to Reach Locations 
•  Be Able to Land or Airdrop in Small Area  
•  LOS and Autopilot Control Modes 
•  Electric Propulsion System 
•  C-130 Deployable 
•  Single Operator 

 Our Mission Success Criteria (MSC) were derived from our mission statement and the desired outcome of our 
project.  The Capability Description Document provided a solid basis on which to begin deriving the criteria.  These criteria are 
project success dependent and ultimately aim to appeal to organizations such as the World Health organization, the Federal 
Emergency Management Agency, and other quick response medical teams in need of getting supplies somewhere quickly. 
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Structures 

•  Payload weight: 3 Ibf 
•  Payload size 

o  Diameter 3.36 in 
o  Length 11.25 in 

•  Maximum aircraft size (C-130 constraint) 
o  Width 8.26 ft 
o  Height 9 ft 

•  Capable of withstanding a 45 degree 
landing glideslope 
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Structures 
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Landing Gear 

•  Main gear needed to be able to withstand vertical autorotation at vertical 
velocity (17 lbf aircraft descending at 21 ft/s with current rotor size). 

•  Needed to be able to handle rugged terrain, yet lightweight and simple to 
construct 

•  A levered bungee design was chosen, the style used on a Piper Cub 
•  Main gear weight = 1.61 lbs 
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Testing 

•  An 18.6 lb surrogate vehicle was dropped from 6.5 ft to simulate 21 ft/s 
•  Normal landings will only be around 4 ft/s 
•  Landing gear also demonstrated ability to correct single wheel landings 
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Aero/ Performance Design Overview 
Aerodynamic Coefficients/
Properties 

Maximum CL = 1.1 

Cruise L/D = 7.9168 

Blade loading coefficient = 0.174 

Disk loading = 0.417 

Solidity = 0.07 
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Aero/ Performance Design Overview 

•  Airfoil modeled from NACA 8-H-12 at Re = 230,000 with no twist or taper 
(common in autogyros due to high AoA properties) 

•  Fabricated blades using carbon fiber with foam core 

•  Radius = 3.1 ft, Area = 30.19 ft2 

•  Tail is constructed of high density foam with composite skin 
•  Utilized existing rotor head with added modifications  
•  Predicted Rate of Descent 

•  45 degree 1.89 ft/s 
•  90 degree (vertical) 17.10 ft/s 
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Flight Dynamics - Overview 

•  C.G. 2.5 in. forward of Rotor shaft to 
maintain position through payload 
release 

•  Control pitch and roll with rotor disk, 
yaw with rudders 

•  Robust Taxiing Capability 

Main Objective: Achieve stable flight, without great 
movement of C.G. with payload release 

•  Key Performance Parameter 
•  Longitudinal Modes are within ADS-33 Level 1 
Specifications for controllability  
•  Key Assumptions 
•  Ideal Autorotation 

•  Inflow, λ = 0 
•  Fixed Collective Pitch, θ0 = -2o, 

simplifies operation and reduces 
weight 

•  Quasi - Static Rotor (Semi-Rigid 
Body) 
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Flight Dynamics - Rotor Dynamics 

•  2 Bladed design  
•  Reduces Complexity 
•  No need for Lead or Lag 

Hinges 
•  Underslung and no Offset 

•  Maintaining C.G. of rotor in 
the center of shaft as flapping 
occurs 

•  Stable 
•  Acts as Dihedral because it 

enables Flapping 
•  2 DOF 

•  Servos can pitch and roll the 
TPP of the rotor 14 

•  Flapping increases with forward 
velocity 

•  Vcruise = 20kts = 33.76ft/s 
•  Vdescent = 1.185kts = 2ft/s 

•  Maximum Flapping Angle β = 
13.23° 

 



Flight Dynamics - Weight and Balance 

C.G = 20.2 in. 
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Flight Dynamics - Stability 

•  Created Autogyro Stability Matrix 
•  Using key assumptions 

•  Reduced Helicopter Stability Matrix  

•  Compared predicted performance to 
ADS-33 Level 1 
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Flight Dynamics - Tail 

Tail Design 
•  Forward Swept H-Tail 

Configuration 
constructed from Foam 
core with fiberglass skin 

•  Shz tail = 1ft2, Svt tail = 
1.619 ft2 

•  Adjustable from -19.75 
in. to -26.75 in. from 
C.G. 

•  Removable 
Empennage 

•  Rudder deflection 
coupled with nose 
wheel for robust taxiing 17 



Propulsion - Motor/ Battery/ Main ESC 

Main Motor: AXI 5325/20 

Propeller: 19x12 

Main Battery: 2x 22.2V 6S 7800mAh LiPo 

Main ESC: Castle Creations Phoenix Edge Lite 50 

Main Motor: 
Axi 5325/20 

Brushless Motor 

Propeller: 
19x12  

Electronic Speed 
Controller: 

Phoenix Edge Lite 50 
Aircraft with Main Propulsion System Installed 
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Propulsion - Pre-Rotator 

Initial Design 
Motor Selected: Great Planes Rimfire 200 
Installation 

Mounted to Rotor Base 
Engages Rotor Head using Sprag Clutch 

Allows for uncoupled spinning of the rotor head when motor 
is disengaged 

 

Build/ Modifications 
Issues  

Insufficient motor torque from brushless motors 
Insufficient rotor speed from brushed motors 

Motor Size Increases 
Rimfire 300 
Axi 2212/12 

Motor Type Change 
DC Brushed Motor 

Final Design - Pull-Start (Lawn Mower Start) 
String pulled by hand to spin the rotor 

Initial Pre-rotator Design 
Final Pre-rotator Design and Installation  
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Modifications/ Redesign 
●  More robust rotor mounting system, shown 

below 
 
 
 
 
 
●  Variable Angle Base - Used for testing rotor 

system at different angles of attack 
●  Well supported  
         base - reduced  
          vibration 

  
 

Propulsion - Rotor Stand Build/ Modification  

Designed with the capability to test blade operability 
and thrust production 

Initial Build 
 
 
 
 
 
 
 
 

Issues  
Vibrations in system made load 

measurements difficult  
High speed autorotation was not achieved 

 

 

     Rotor Test Stand               Load Cell Attached 

Rotor Test behind USNA Eiffel Wind Tunnel - No Load Cell 

Rotor Mounted on Anemometer Stand  
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Propulsion - Lessons Learned/Way Forward 

•  The low RPM’s in the pre-rotator put the high speed 3-phase motor out of 
phase 

•  A DC motor with sufficient torque should be used instead. 

•  The Pull-Start (Lawn Mower) pre-rotation method, while functional, could be 
greatly improved upon  

•  An electronic pre-rotation system would still be optimal for consistency and ease of operation 

•  A pre-rotation system that detaches from the aircraft prior to flight may be preferable to an 
onboard system - weight and size constraints could be loosened with system separate from 
the aircraft 
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Mission Systems 

•  3DR Pixhawk Autopilot System 
•  Serves as central hub for all servos and motor 
•  3 modes: Manual, FBWA, & Auto 

•  Futaba 2.4 GHz Transmitter-Receiver 
•  Used to allow for manual mode 
•  Allows for pilot engaged payload release 

•  Mission Planner 
•  Software used to program and calibrate Pixhawk system 
•  Allows for missions to be designed and then loaded 

onto aircraft for fully autonomous missions. 
•  Data telemetry link established between software & aircraft 

via 3DR data telemetry antenna set 
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Mission Systems 
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Mission Systems 

●  Channels programed via transmitter & 
mission planner 

●  All servos connected to Pixhawk 
except for payload servo which is 
dependent on type of release (manual 
or automatic) 

●  Aircraft Safety 
○  Arm/De-arm button on aircraft 

arms entire system 
○  Throttle must first be armed via 

mission planner prior to flight 
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Mission Systems 

•  Payload Container 
•  48 oz Nalgene water bottle used with eye screws and wooden blocks to 

allow attachment to the payload release bay 
•  Can carry up to 3 lbf of medical supplies 

•  Can hold 26 1mL syringes 
•  1 blood transfusion or IV set 

•  One servo actuates a pin which releases container from 
payload bay, gravity causes full separation from aircraft 

•  Pixhawk views payload release servo as a camera trigger servo for 
autonomous release 
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Mission Systems 
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Current Status 

●  As of April 25th, 2016, Little Nellie II has successfully demonstrated: 

○  Several high speed taxi tests 

○  Manual pre-rotation numerous times 

○  Flight controls and payload release 

○  Multiple runs resulted in the entire aircraft leaving the ground 

●  The resiliency of the structure and landing gear has proved itself throughout 
all testing.   
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Future Work 

●  Rotor head servos and linkages need to be upgraded 
○  Reason: handle heavier blades and more importantly the moments exerted during flight 

●  A pre-rotation method to generate sufficient RPM  
○  This system may have to be a separate system from the aircraft, capable of detaching 

shortly before takeoff 

●  Future investigation into a programmed takeoff procedure 

●  Person operating the UAV should talk to manned autogyro pilots about how 
to pilot autogyros to facilitate proper use of the UAV. 
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Questions? 
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Concept of Operations 

High Risk/ High Payoff Design elements 

Autorotative Ability 

Success would allow for maneuvering capability, obstacle avoidance, and short roll-out 

Failure could result in destruction of the aircraft/ aircraft components 

Payload Drop System 

Success will mean that the payload can be delivered efficiently and safely 

Failure could cause instability of the aircraft after payload deployment 

32 


