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a b s t r a c t

Finite element method (FEM) analysis and experimental studies are undertaken on the design of the fiber
volume ratio in silicon carbide (SiC) fiber-reinforced SiC composites under indentation contact stresses.
Boron nitride (BN)/Pyrocarbon (PyC) are selected as the coating materials for the SiC fiber. Various SiC
matrix/coating/fiber/coating/matrix structures are modeled by introducing a woven fiber layer in the
SiC matrix. Especially, this study attempts to find the optimum fiber volume ratio in SiC fiber-reinforced
SiC ceramics under Hertzian stress. The analysis is performed by changing the fiber type, fiber volume
ratio, coating material, number of coating layers, and stacking sequence of the coating layers. The varia-
tion in the stress for composites in relation to the fiber volume ratio in the contact axial or radial direction
is also analyzed. The same structures are fabricated experimentally by a hot process, and the mechanical
behaviors regarding the load–displacement are evaluated using the Hertzian indentation method. Vari-
ous SiC matrix/coating/fiber/coating/matrix structures are fabricated, and mechanical characterization
is performed by changing the coating layer, according to the introduction (or omission) of the coating
layer, and the number of woven fiber mats. The results show that the damage mode changes from Hertz-
ian stress to flexural stress as the fiber volume ratio increases in composites because of the decreased
matrix volume fraction, which intensifies the radial crack damage. The result significantly indicates that
the optimum fiber volume ratio in SiC fiber-reinforced SiC ceramics should be designed for inhibiting the
flexural stress.

� 2011 Elsevier Ltd. All rights reserved.

1. Introduction

SiC ceramics have been known for high hardness and wear
resistance as well as good resistance to oxidation, thermal shock,
and corrosion. These excellent thermo-mechanical properties of
SiC material, as compared to those of conventional metals, suggest
the promise of SiC in high-temperature environments [1–8]. By
making monolithic SiC into ceramic composites, the brittle nature
of this material can be alleviated; this can enhance the strength
and fracture toughness at room and higher temperatures [9,10].
Whiskers, particles, and/or well-dispersed continuous fibers have
been incorporated into ceramic monolithic matrices leading to
ceramic matrix composites (CMC). SiC composites, in particular,
have evolved much with SiC matrices being reinforced with SiC
continuous fibers [10–14]. The SiC fibers that are available in the
market are produced by Japanese firms. One of the trademarks of
fibers include Tyranno fibers with various grades. The fibers can
also be woven in the form of SiC mats to be inserted between
matrix layers. One of the well-known processing methods for com-

posites includes SiC ceramic woven fibers that have been coated to
produce fiber preforms, which are then infiltrated with an SiC ma-
trix and densified [11,12].

The excellent thermo-mechanical properties of SiC fiber rein-
forced SiC composites enable various applications for advanced
high-performance structures. High strength and thermal-resistant
characteristics provide reliable radiation burners for cook-top
applications [15]. Repetitive thermal loading requires high thermal
shock resistance of the burner. Additionally, mechanical loading
requires high mechanical strength and contact resistance of the
burner. The load-bearing ceramic composites used for radiation
burners at high temperature have been extended to industrial
parts, as found in heating elements and supporters for high-tem-
perature furnaces, heat exchangers, automobile brake disks, and
components for gas turbine and nuclear power structures
[9,16,17]. SiC CMCs are also promising materials for defense, spa-
tial, and aeronautical applications. The thermal protection system
(TPS) of aeronautical applications, such as launched vehicles,
features the application of CMCs [17,18]. In these applications,
the design of the composite structure has an important role in
tailoring the thermal and mechanical properties of final products.
The fiber volume ratio, fiber arrangement (orientation), matrix
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