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To improve the fuel efficiency of commercial turbo—fan engines, major engine
manufacturers have applied SiC fiber reinforced SiC matrix (SiC—f/SiC) composites
to hot sections. The SiC-f/SiC composites applied to turbine rotor blades of
turbo—fan engines are exposed to an oxidizing atmosphere at high temperatures.
Moreover, the composites are subjected to constant tensile load because of
centrifugal force and cyclic tensile loads when the engine starts and stops.
Therefore, it is necessary to clarify and predict the damage and rupture behavior
of SiC—f/SiC composites under a combination of constant and cyclic tensile loads
at elevated temperature in an oxidizing atmosphere. The objective of this study
is examination and mechanical modeling of the mechanical behavior for an
orthogonal 3D-woven SiC—f/SiC composite at elevated temperature

The first chapter presents research background and objectives. The chapter
overviews various studies for tensile strength distribution of the reinforcement
(SiC fiber). Also, the chapter overviews experimental and numerical studies of
the damage and rupture behavior of SiC-f/SiC composites

In the second chapter, tensile strength distributions of various SiC fibers
were evaluated by monofilament and multifilament tow tensile testing. The
estimated Weibull parameters by each method were directly compared. The effect of
diameter variation in individual fiber on the multifilament tow test results was
investigated by Monte-Carlo simulations

In the third chapter, a mechanical model to predict the time—dependent damage
and deformation behavior of an orthogonal 3D-woven SiC-f/SiC composite under
constant tensile loading at elevated temperature in vacuum was proposed. It was
established using the linear viscoelastic model, micro—damage propagation model,
and a shear—lag model.

In the fourth chapter, the effect of the constant and cyclic tensile loads on an
orthogonal 3D-woven SiC—f/SiC composite under cyclic tensile loads was examined
Monotonic tensile test, constant tensile test, and tension-tension fatigue tests
were conducted at 1100 °C in air. A lifetime prediction model under cyclic tensile
load was also proposed

In the fifth chapter, the crack growth behavior of an orthogonal SiC—f/ Y.Si-Si
based matrix composite under cyclic tensile loads at elevated temperature in air
was examined. Tension-tension fatigue testing for a single—edge notched specimen
was conducted at 1100 °C. The fatigue test was interrupted several times for
measuring the crack length from the notch tip. A lifetime prediction model was
also proposed by modifying a fracture mechanics model for monolithic ceramics.

The concluding remarks of the present study are provided in the sixth chapter.




