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ABSTRACT 
The extreme operating conditions present inside a turbofan engine, foreign object damage and birdstrike 
increase the likelihood of catastrophic failure of the blades, referred to as blade-out. Blade-out can involve the 
failure of compressor, turbine, or fan blades and can cause severe damage to the engine, wing, or fuselage and 
result in the loss of lives. The failure of fan blades, referred to as fan blade-out (FBO) is the most severe, since 
the fan blades are the largest blades in the engine and have the most kinetic energy. Due to the potential 
severity of a FBO event, all engine manufacturers include a containment structure (ring) which surrounds the 
rotating sections of the engine. This structure is designed to absorb the energy of a released blade and to 
contain the blade fragments so that they do not pierce fuel tanks, hydraulic control lines, and/or the fuselage. 
Unfortunately, current accidents show that containment structure designs are inadequate and better designs are 
needed.  
Accordingly, this study is concerned with the design and analysis of a novel containment ring for turbofan 
engines using dynamic nonlinear finite element (FE) simulations and a blade-out testing apparatus. Three 
aspects of the work were accordingly examined. The first is concerned with the response of multilayered targets 
to normal and oblique impacts by a blade-like projectile. This enabled the selection of the most appropriate 
material combination for the containment ring. The second is concerned with the response of the selected target 
to blade-out impacts with partially and fully bladed fan disk. The third is concerned with the design and 
instrumentation of a novel test rig to calibrate the finite element simulations and examine the true response of 
blade-out in turbofan engines. The predictions of the finite element method reveal that Kevlar is suitable for use 
in containment rings. It further shows that the optimal multilayered target is the one where the exposed surface is 
made of aluminum foam and backing is made of Kevlar fabric. This is also confirmed in the containment of blade-
out with a single trailing blade and fully bladed fan disk.  
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