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Executive Summary Experimental Setup Experimental Results

Body Freedom Flutter is a common phenomenon Assembly and Materials Table 1. Comparing Predicted and
found in high aspect ratio flying wings caused when the * The wing is a scaled version of the X-56. Experimental Frequencies 60
first rigid body mode and first bending mode couple[1]. * The spars are made by laser cutting sheet 6061 Aluminum. Percent Error
Currently, researchers are looking into active and * The outer mold line is created by printing on the HP580 Multi-Jet Fusion -
passive flutter suppression techniques. To facilitate this powder bed printer. The part was broken up into sections due to build volume of Frequency
research, low-cost iterative optimization driven 3D constraints. Mode 1 33%
models provide a test bed for creating novel flutter * Permabond TA-4550 Adhesive was used. Mode 2 20%
suppression techniques. This poster summarizes the  The airfoil sections are slid over the spars.
characterization of an aeroelastically scaled 3D printed
wind tunnel model through geometric scanning,
ground vibration testing, and initial aerodynamic data.
Figure 5. Point Cloud Scans Comparing Wing to
CAD Geometry. Scale is in Inches.
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Figure 1. Collar’s Triangle: Shows the relationships Figure- 3. Assembly Photos : a) Mid-Assemny b) Fully Assembled c) Internal Structure T o / T
between the elastic, aero, and inertial forces d) Internal Structure 30 inches long 02 LA e o2
Background Experimental Test Plan
* Aeroelasticity investigates the combined effects T et T et TTT some
of the elastic, inertia, and aerodynamic loads . L5l FEA Parametric 3D
- ! ’ 1. Modeling Scaling —{ . . . o
acting on an aircraft(3]. T, Optimization CAD Printing ot o ""“WM"W?\ - s stz
* In previous work, an X-56 model was scaled ] "} ' / .
using size optimization to create a dynamically 2. ch o *_‘ Ground Wind - { " / % ,
scaled aeroelastic model by matching the first - Characterization Vibration Tunnel S \ o / 2
two mode shapes and frequencies. Different Testing | - o EW
optimization zones were used to achieve varying J. " . o
stiffness and mass distribution in the model. The . - - Update Wing and
current wing is improved from the previous wing 3. Testing ‘ Correlation Flutter Testing Repeat Process S e e e R R R T L

by using aluminum spars instead of 3D printed
carbon fiber spars[4].

L. Figure 6. Aerodynamic Data
Three characterization Tests

* FaroArm Laser 3D Scanning
* Creates a point cloud of part to compare back

Conclusions
» The geometric scans shows the dihedral angle is different between the CAD model

to CAD. and the fabricated model. There also appears to be some twist along the span.
* Ground Vibration Testing This is due to the aluminum spars being bent during assembly. A new bending
Anspn 00 cenner, "\ g * Finds the natural frequency and mode shapes. technique would prevent this error.
¢ Test conducted by the Air Force Research « The ground vibration test show there is error in the frequency. The next step is to
“m/m S F Laboratory (AFRL) with a Laser Vibrometer. tune the FEA model to the GVT results by adjusting mass and stiffness.

*  Wind Tunnel Testing

* Also completed at AFRL

* Characterized Lifting, Drag, Pitching Moment
Coefficients and Wingtip Deflection

* -5t0 20 angle of attack sweep at speeds for
12.5m/s 20 m/s, 25 m/s and 30m/s

* Laser displacement sensor measured
deflection

* The aerodynamic data looks reasonable. The lift curve slop looks good. As
expected, the highest wing tip deflection occurred at the largest speed.
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