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| Abstract

A micromechanics model to describe the elastic behavior of fiber or whisker reinforced metal matrix
composites was developed and the stress concentrations between reinforcements were investigated
using the modified shear lag model with the comparison of finite element analysis (FEA). The
rationale is based on the replacement of the matrix between fiber ends with the fictitious fiber to
maintain the compatibility of displacement and traction. It was found that the new model gives a good
agreement with FEA results in the small fiber aspect ratio regime as well as that in the large fiber
aspect ratio regime. By the calculation of the present model. stress concentration factor in the matrix
and the composite elastic modulus were predicted accurately. Some important factors affecting stress
concentrations, such as fiber volume fraction, fiber aspect ratio, end gap size. and modulus ratio, were

also discussed.
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SL Model MSL Model
(Conventional Shear Lag) (Modified Shear Lag)
Basic Information
| o |
Geometrical and Material
Propertiss, etc. Matrix
Designer's Cholce Whisker Ends Debonded Whisker Ends Bonded
.......................... No Stress Transfer Axial Stress Transfer
Select Analysis Type Select RVE at Whisker Ends at Whisker Ends
Linear Eiastic Continuous Fiber Fictidous
r—>|{Nonlinear Elastic Discontinuous Fiber - Whisker
Elastic-Plastic Particulate
Viscoelastic Platalet Fig. 2 Concept of the SL and MSL models.
Matrix end gap regions were replaced

1 by fictitious fiber or whisker to main-

Set Boundary Conditlons tain the displacement and traction

e s compatibility in the MSL model.
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Fig. 3 Schematic of the proposed composite RVE
containing a single fiber or whisker in a
cylindrical matrix volume. Matrix end

gap regions were replaced by fictitious

fiber or whisker.
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Fig. 4 Fiber Maximum stresses predicted by
SL, MSL and FEA as a function of end
gap size at €c = 0.1% in case of Vr =
0.5%.
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Stress Concentration Factor X,)

Fig.

Fig.
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Modulus Ratio (EIIE,' )

6 Stress concentration factors predicted by

SL, MSL and FEA as a function of
modulus ratio at €=0.1% in case of
Vi=20%.

Normalized Composite Modulus (E, IE,)
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-—— FEA (s=4)

S LU
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Modulus Ratio (E ¢ /Em)

7 Normalized composite longitudinal elastic

modulus ratio Ec¢/Em as predicted by
MSL and FEA as a function of the
modulus ratio Ef/Em at the aspect ratios
of 4 and 5.
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