
 
Figure 2. The cross-sectional view of the rotating assembly including bearing house back 

structure and fan case (left). Assembled inner housing structure (right). 

 
Figure 3.  The rotor and shaft assembly with a full set of wedge-shaped blades, and the cross-

sectional dimensions (in mm) of the blade. 

 

Gas Gun Set-up 
Figures 4 and 5 show the schematic and photo of the single stage gas gun used in this work. The 
major components are a gun barrel, a pressure vessel, and a poppet valve. The steel barrel is 
4.7m long with an inner diameter of 108mm. For the tests discussed here compressed helium was 
used as the propellant.  
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Figure 4.  The schematic of a single stage gas gun and experimental set-up. 

 
As illustrated in Figure 4, the target may be placed either 90º or at an oblique angle �D to the gun 
barrel. The projectile may be oriented parallel or at an angle �E to the gun barrel. In the current 
work, the projectile is delivered by a lightweight sabot. A sabot arrester at the end of the barrel 
destructively stops the sabot and allows the projectile to pass to impact the target. The projectiles 
used in this work were made of Ti-6Al-4V, the same as the blade in spin test.  
 
Two high speed video cameras were used in the gas gun experiment. Camera #1, a Phantom 
V12.1 (Vision Research, Inc., Wayne, NJ), was used to determine the velocity and orientation of 
the projectile before impact and the residual velocity of a rebounding projectile. Camera #2, a 
Phantom V7 was used to determine the residual velocity of the projectile that had perforated the 
target [Ramadhan et al (2013)] and for out-of-plane deformation using a projection grating 
profilometry method. The positions of the cameras are shown schematically in Figure 4.    
 
For the gas gun testing, the composite plates were cut to approximately 171.45mm x 444mm 
with an abrasive diamond face saw. The plate was bolted to a rigid testing fixture through two 
steel bars, as shown in Figure 5c and d, to replicate the clamped boundary condition for the fan 
case in spin testing shown in Figure 1d. The dimensions of the exposed area at the impact side of 
the panel are 279mm x 82.55mm.   
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