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Image Process Based Analysis of Elastic Modulus on
Short Fiber Reinforced Composites

S.W.Jung*, S.Y Kim* and K.S.Han™"

ABSTRACT

A mathematical procedure is proposed for predicting the elastic modulus of short fiber
reinforced composites with non-random distribution of short fibers. This procedure consists of two
steps. First, the distribution of fiber orientation is determined by proposed image process
algorithm. which is based on fiber-matrix boundary ratio between two orthogonal planar faces of
composite structure.

Second, theoretical analysis is developed to evaluate elastic modulus based on non-random
distribution of fiber. The predicted elastic modulus are compared with experimental values
determined by tensile test of Al/Al,Ox metal-matrix-composites, and a good agreement is obtained.
The proposed image process algorithm is very simple and efficient for symmeu ic -three-
dimensional fiber orientation analysis.
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Fig.1. Schematic diagram of the fabncated preform by vacuum
forming method
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Flg.2. Micrographs of two sections of composites cut at right
angle (a) to z-coordinate and (b) to y-coordinate
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(b)Section cut at right angle (c)Section cut at fangle

Fig.4. Unidirectional continuous fiber reinforced composites
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Fig.6. The standard deviation dependence of the boundary
ratio between y-plane and z-plane
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Table 1. Mechanical properties of aluminum and alumina short
fiber

Density |Diameter| Length | E

(glen’) | (um) | (um) | (GPa)
Alumina | 3.3 3 100 | 310 | 027
Al 6061 2.7 - - 70 0.33

Material v

( unit:mm)

Fig.9. Position of test specimen in ingot and dimension of
tensile specimen
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Table 2. Result of image analysis
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W | ()] ®
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Table 3. Material properties of R.V.E. used in the calculation

Table 4. Result of tensile test

A(12%)B(14%)

MMCs | AI(12%) | A2(12%) | BI(14%) | B2(14%)

in-plane longitudinal modulus : £,,(GPa) 96.01 | 100.34

Direction | z { y {z |y |z ly}|z]y

in-plane transverse modulus  : Ex(GPa) 79.49 | 81.24

Area ratio{v) |0.13110.126|0.12010.12510.146)0.1470.15010.147

in-plane shear modulus : Gp(GPa) 3073 | 3154 Elastic
in-plane Poisson's ratio Vi 0323 | 0322 modulus(GPa) PDI|8L3 02 801\ 308 | 849 | 8L | 867
out-of-plane shear modulus  : v 0327 | 0326
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Fig.14. The standard deviation dependence of the Elastic
characteristics of MMCs (V) = 14%)

Fig.15. The standard deviation dependence of the Elastic
characteristics of MMCs (Vi = 12 %)
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