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INTRODUCTION

The objective of this study is to develop a modeling technique for 

designing refractory fabricated composites. In order to have optimal 

composite structure, several models of plain weave and 3-D braided 

composites were evaluated in the effective mechanical and thermal 

material properties
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MULTI SCALE ANALYSIS FOR FABRIC COMPOSITE STRUCTURE  
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Multi-Scale Analysis 

 

FEA Analytical Method 

Representative Single Fiber Model (RSFM) 

-Continuous unidirectional fiber composite 
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 3-D woven fabric 

 3-D braided fabric 

Fabric-Lamination 

(Macro-scale) 

Composite Structure Model (CSM) 

-Leading edge of space shuttle 

Constituent Materials 

-Fiber and matrix 

Finite element models of unit cell at meso-scale
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Multi-scale analysis flow chart

NEW APPROACH

Thermal stresses on the refractory fabric composites due to CTE mismatch of constituent materials can be reduced 

by sliding effect using weak interlayer. 

A series of finite element analysis models were developed from the constituent material levels such as the fiber, 

interlayer, and matrix materials at the micro-scale level to the woven fabric and braided composite as the meso-scale 

level
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Maximum stress on Matrix

0

0.5

1

1.5

2

2.5

0 0.1 0.2 0.3 0.4 0.5

Fiber Volume Fraction

1
s
t 

p
ri

n
c
ip

le
 s

tr
e
s
s
 

[M
P

a
]

Weak Bonding Strong Bonding

Weak Bonding Strong Bonding
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Results in Shear stresses by unit temperature change

Results of Parametric Study for plain weave composites
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Results in thermal tresses by unit temperature change


