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Abstract

In this paper, numerical investigation of the short fiber composites is done in
the second stage creep by finite element analysis (FEA). The creep behavior
of the fibrous composites is predicted numerically. Because, the analysis of
the creep behavior is required for defect analysis and creep resistance of the
short fiber composites. In present work, predicting the creep behavior of the
short fiber composites is carried out under tensile axial stress by FEA.
Application of the present research work is in design of the fibrous
composites. To achieve to this purpose, the available experimental results [9]
are employed for the FEA simulation.
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1. Introduction

In the last years, the creep of the fibrous composites has become to one of the
important problems in some industries. Metal matrix composites have numerous
advantages like high strength, high modulus and excellent conductivities. Recently,
the high temperature creep behavior of SiC whiskers reinforced aluminum alloys has
been the important topic of studies that aimed at assessing the potential of these
fibrous composites for using as materials in high temperature applications [1-10].
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Thus, FEA investigation of the creeping fibrous composites behavior is
important and vital, because, the happening of the creep in the fibrous composites
may be hazardous. Therefore, the creep study becomes more essential in the diverse
industries. A number of researchers have investigated the creep behavior considering
the different approaches [1-3]. Shear-lag theory applicable to discontinuous fiber
composites has been presented [4-8]. For example, Cox [4] presented a stress transfer
mechanism in the unidirectional long or short fiber composites, which is known as the
shear lag model. The creep of dispersion reinforced aluminum based metal matrix
composite has been experimentally investigated [9, 10]. The second stage creep of
silicon carbide whisker/6061 aluminum composite at 573 K was experimentally
analyzed [9].

In this paper, a numerical investigation on the steady state creep of the short
fiber composite is carried out to predict and analyze the creep behavior by FEA. Also,
FEA model is proposed for predicting the steady state creep behavior of the short fiber
composites in place of the complex and time-consuming experimental and analytical
methods.

2. Material and Method

An axisymmetric unit cell is supposed as a representative of the complete short fiber
composite with a fiber with its surrounding matrix as two coaxial cylinders. The FEA
model of the unit cell is graphically shown in Fig. 1.
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Fig. 1. Unit cell model for FEA modeling.

It is assumed that a cylindrical fiber with a radius a and a length 21 is inserted
in a coaxial cylindrical matrix with an outer radius b and a length 21". The volume
fraction and aspect ratio of the fiber are introduced by f and s=l/a respectively. As
well, k=1"a/ Ib is considered as a parameter in relation with the geometry of the unit
cell. An applied axial tensile loading “ o, ”, is uniformly applied on the end faces of
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the unit cell (at z==l"). The creep behavior of the matrix is described by an
exponential law as the following in Eq. (1),

g, = Aexp (%‘*j 1)

Where ”A” and ”B” are the creep constants of the creeping matrix material,
and also the equivalent stress ” ¢, and the equivalent strain rate ”¢, ” have been

presented in Eqg. (1). One of the advantages of the FEA is in correct modeling of the
creeping unit cell in place of the time consuming and complex analytical and
experimental methods. The analysis with assisting FEA is very simple for predicting
the composite creep behavior.

3. Result and Discussion
To analyze the creep behavior of the fibrous composite by the FEA, the SiC, / Al ,

composite is selected as a case study. Volume fraction of fibers is 0.15 and the fibers
have an aspect ratio of 7.4 and k = 0.76 [9]. Moreover, for the creeping the matrix, the
constants are the values of A=exp(—24.7) and B =6.47 considering “o, =80 MPa”

at 300°C . The results obtained from the present FEA are graphically shown in Figs.
2 and 3.
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Fig. 2. The behavior of the creeping unit cell by vector plot (strain-mechanical-
thermal).

Also, the general behavior of the creep strain-mechanical-thermal trend is
graphically presented in Fig. 2. With helping this trend, we can easily design the short
fiber composite. In addition, we can control the creep behavior of the short fiber
composites.
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Fig. 3. The behavior of the creeping unit cell by vector plot (principal stress).

The distribution of the creep principal stress behavior is schematically shown
in Fig. 3. So, we may simply design and optimize the creeping fibrous composite.
With these contour plots and distributions, we can control the creep behavior of the
creeping short fiber composites.

4. Summary and Conclusion

In present paper, FEA investigation was carried out to predict the behavior of the
short fiber composites in the second stage creep. The short fiber composite creep
behavior was analyzed under tensile axial stress by FEA. One of the major
applications of the present paper is in the short fiber composite designing and
optimizing. Distribution of the principal stress (vector plot, contour nodal solution) in
the unit cell can help us to avoid the debonding in the creeping fibrous composites.
Advantage of the present FEA work is in the application of the FEA in place of time
consuming and difficult experimental and analytical approaches. Lastly, we can rely
on the FEA predictions for predicting the creep behavior.
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