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•Purpose

•Background

•Problem Statement

•Testing and Analysis

•What did I learn



•To gain insight and experience in my Field of 
Study, Aeronautical Engineering, and to come into 
contact with the real life application of what I have 
learned and new concepts that will help me in future 
classes.

•To work with engineers in the field on a real 
research project that has possible application to 
today’s soldiers, and in doing so make future and 
past courses more meaningful to me.

•Project Team Objective- To collect and analyze 
data taken in the hover cell, to identify key mode 
crossings at different rotor speeds



Army Research Labs

Overview



Transonic Dynamics Tunnel
•The Research Center at Langley 
Air Force Base is ARL and 
NASA’s main aeronautical 
research facility.

•It’s unique facilities put it on the 
cutting edge of aerospace 
technology



•WRATS (Wing & Rotor Airelasitc 
Testing System)

•Research to improve the stability 
and capability of current tilt rotor 
systems 



•Today’s tilt rotor aircraft use 
stiff inplane rotor systems 
because of their stability with 
regards to ground and whirl 
flutter conditions.

•However, dynamic blade 
loads may develop within the 
stiff rotor system putting the 
aircraft in danger



•A Soft inplane system would 
eliminate the prospect of 
dynamic loads.

•As a result, the strength 
requirements would be greatly 
reduced which would lead to 
decreased weight and 
maneuverability



Gimbaled Stiff-In plane

Semi- Articulated Soft-In 
plane



•In testing, the Soft inplane 
system displayed low 
damping in key modes (Beam 
Bending and Whirl Flutter)

•Whirl Flutter : When the 
aerodynamic modes of the 
rotors interacts with the 
modes of the wing 

•This lack of damping caused 
low whirl-flutter stability within 
its airspeed envelope

Model mounted in airplane 
mode inside the tunnel



•Overall Objective- To collect and 
analyze data taken in the hover 
cell, to identify key mode crossings 
at different rotor speeds

•With this information, the WRATS 
team will attempt to make a new 
design which will increase 
damping in these key modes



•Calibrations / Sensors

•Different sensors

•Everything from rotor 
speed to the bending 
moments and loads in the 
rotors themselves

Lead Lag Strain Gage

Rotor load sensor Flapping Pot Gage





•Data Collection

•Slip Rings relay signal 
through beam and into a 
patch panel.

•Main system on 
computer

•Backups









•Modes and Resonance

•Principles of Aerospace 
Engineering

•Engines and Flight controls

•Aerodynamic forces

•Experimental design and testing

•Data Collection and 
interpretation

•Real World Application of 
Knowledge
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