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Abstract

In this study, a method to characterize material properties of adhesive that is used in a layered
plates bonding process is developed by combined evaluation of experiment, simulation and optimization
technique. A small bonded specimens of rectangular p;ate are prepared to this end, and put into a
thermal loading conditions. Moiré interferometry is used to measure submicron displacements occurred
during the process. The elevated temperature is chosen as control factors. FE analysis with constant
values for the adhesive materials is also carried out to simulate the experiment. Significant differences

are observed from the two results,

in which the simulation predicts the monotonic increase of the

bending displacement whereas the measurement shows decrease of the displacement at above 75°C. In
order to minimize the difference of the two, material parameters of the adhesive at a number of
different temperatures are posed as unknowns to be determined, and optimization is conducted. As a
result, optimum material parameters are found that excellently matches the simulation and experiment,
which are decreased with respect to the temperature.
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Fig. 1 Schematics of the laminated layered specime
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Fig. 3 Finite element model of the specimen

Table 1 Material properties used in the FEA

Ceramic | Indium | Copper
Thermal expansxon
coefficient (1x10°%/C) 7.6 2 17.3
Young's modulus (GPa) | 145 12.74 117
Possion's ratio 0.24 045 033
Yield stress (MPa) 130 14 240

Stress, o(MPa)

14 - Tangent modulus = E x 0.00165

Slope, E = 12.74 GPa

Strain, £

Fig. 4 Bilinear stress-strain relationship of indium
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Table 2 Optimum solution of yield stress(MPa)

Design variable| Initial value | Optimum value
Xi 1.4 1.32817
X2 14 1.32705
X3 1.4 0.86288
X4 14 0.10882

Table 3 Optimum solution of tangent modulus ratio

Design variable| Initial value | Optimum value
Y 0.00165 0.0016634
Y. 0.00165 0.0016634
Y3 0.00165 0.0016505
Y, 0.00165 0.0015193
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Fig. 11 Bending displacement distributions by FE analysis
along the middle line of copper plate
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