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Abstract

This paper reports a finite element study of effect of bonding strength between metal and ceramic. The bonding strength
is evaluated with different processing temperature and holding time. The difference between the coefficients of linear
thermal expansion (CTEs) of the metal and ceramic induces thermal stress at the interface. The mismatch thermal stress
at the interface region plays an important role in improving bonding strength. Hence, it is essential to evaluate the
interface bonding in metal-ceramics joints. The Al/SiC bonding was modeled and analyzed using finite element analysis
in ANSYS (v.10).
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1. Introduction

The growing interest in aluminum based metal matrix composites could be realized for the past decades because of its
superior mechanical and physical properties. The mechanical properties are generally depending on the interface
bonding between matrix and reinforcement. It is well known that the function of the interface is to transmit load from
matrix to reinforcement due to the large stress gathering capability of the reinforcement and binding property of the
matrix material [1]. The formation of interface bond was mainly affected by the factors such as processing temperature
and holding time. The different processing temperature and holding time leads to thermal expansion in Al and Sic Due
to their difference in thermal expansion coefficient (CTES) residual thermal stress will be induced at the interface [2].
This thermal stress will affect the interface bonding between Al/SiC, which is known as thermal mismatch stress.
Metal-ceramic interfacial phenomena controls stress transfer between Al/SiC [5]. Generally composite materials with
weak interfaces have relatively low strength and stiffness but high resistance to fracture, whereas materials with strong
interfaces have high strength and stiffness but are somewhat brittle [6], [7]. S. Sozhamannan et al[1], studies the
influence of processing temperature at constant holding time in the interface bonding of Al/Sic The interfacial bonding
strength increases with increase in processing temperature due to least formation of interfacial compounds. The
structural morphologies of interface in Al/SiC interface region. The higher concentration of Si in the matrix region near
the interface alters the interface bonding characteristics of Al/Sic the diffusion rate of Si depends on the functions of
temperature and time. The objective of this paper is to analyse the interface residual stress at different holding time and
temperature.

2. Finite element modeling

One of the most powerful functions of finite element modeling is to generate detailed distributions of stress and strain in
the matrix and fiber, which are essential for understanding the mechanical behavior of the composites [4]. The below
flow chart shows the finite element modeling procedure.
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2.1. Analysis procedure
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To find thermal stress between Al/SiC, coupled-field analysis was used. It couples the two fields (thermal-structural) by
applying results from one analysis as loads in another analysis. [ANSYS help].
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Fig. 1: Flow Chart for Analysis Procedure

3. Material properties

Table 1: Material Properties

Material E (GPa) v a (°K) C (W/m°K) ¢ (J/Kg °K)
Al (LM20) 71 0.3 21x10° 168 902
SiC 410 0.16 4x10° 120 750

4. Finite element modeling of al-sic and line path diagram
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Fig. 2: Al/Sic Mesh Model

5. Results and discussions

5.1. Thermal stress distribution

Fig. 3: Line Path Diagram(Nodal solution)

The thermal stress distribution across the interface region is shows in fig.4 to fig.6 revealed that the maximum thermal
stress were present at the interface region. It is clear evident that the thermal stresses at the interface region increases
when increasing processing temperature with holding time. At lower temperature, the thermal stress are low in the range



Stress(MPa)
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from (-69.717 to -169.93 MPa). At higher temperature (>800°C),more thermal stress were accumulated in interface
region due to the different thermal expansion value between SiC and Al alloy, and also SiC thermo-dynamically
unstable. The presence of higher thermal stress may lead to debonding at the interface and it reduces the load
transferring across the interface.

5.2. Thermal stress distribution diagram

Fig. 4: Thermal Stress Distribution At 10 Min Fig. 5: Thermal Stress Distribution At 20 Fig. 6: Thermal Stress at 30 minutes
Min

5.3. Thermal stresses between Al-SiC (x-direction)
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5.4. Thermal strain distribution diagram

The thermal strain characteristics are plotted in fig: 10to 12. The strain distribution shows that a maximum thermal
strain has been found in the Al region and also the strain distributions are very low in the SiC side. There is a strain
relaxed by the SiC are transferred to the matrix, which results a matrix are fractured as thermal strain increases. It was
found that thermal strains are increased when increase in processing temperature and holding time between Al matrix
and SiC reinforcement. The presence of high strain at the interface region cause the interface bond strength. Since the
matrix (Al) and reinforcement (SiC) have different thermal and mechanical properties; they exhibit different thermal
strain distributions along the interface region.

5.5. Thermal strain between Al-SiC (x-direction)
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Fig. 10: At 10 Min Fig. 11: At 20 Min Fig. 12: At 30 Min
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5.6. Thermal stress distribution at interface region (y-direction)

The plot shows the thermal stress distribution along the interface region (y-direction).From this plot, it shows the higher
thermal stress induced at the corner of the interface region and these phenomena gradually increase with change in
temperature and time. The compressive thermal stress act on this interface region between Al and Sic Increase in
thermal stress at corner of the interface region induces thermal strain at the reinforcement (SiC) side. There is a strain
relaxed by the SiC are transferred to the matrix which results a matrix are fractured as thermal strain increases.
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Fig. 13: At 10 Min Fig. 14: At 20 Min Fig. 15: At 30 Min

6. Conclusion
) Increase in various processing temperature with holding time, thermal expansion between Al and SiC were

increased. This phenomena increase thermal stress at the interface region.

. The higher thermal stresses induce more residual stress at the interface region. This may lead to create deboning
between Al and Sic

. Increase in thermal stress will leads to increase thermal strain at the interface region between Al and Sic The
higher thermal strain cause interface bonding strength between Al-Sic
. In the interface region, increases in temperature with time, thermal stress were induced at the corner (top and

bottom) side.

The presence of higher thermal stress along the interface leads to induce thermal strain in that region, which results
matrix fractured as thermal strain increases.
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