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Evaluation on Thermal Shock Damage of Smart Composite using Nondestructive
Technique
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ABSTRACT

Tensile residual stress is occurred by difference of coefficients of thermal expansion between fiber and
matrix is one of the serious problems in metal matrix composite(MMC). TiNi alloy fiber was used to solve the
problem of the tensile residual stress as the reinforced material. TiNi alloy fiber improves the tensile strength
of composite with occurring of compressive residual stress in the matrix by its shape memory effect. A hot
press method was used to create the optimal fabrication condition for a Shape Memory Alloy(SMA) composite.
The bonding effect of the matrix and the reinforcement within the SMA composite by the hot press method
was strengthened by cold rolling. In addition, acoustic emission technique was used to quantify the microscopic
damage behavior of cold rolled TiNi/Al6061 shape memory alloy composite at low temperature. The damage
degree for the specimen that underwent thermal shock cycles was also discussed.
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Fig. 1 Schematic diagram of experimental set up.

Table 1 Mechanical properties of TiNi alloy

Elastic Poisson's Tensile
Temp. Modulus Ratio Strength
(GPa) (MPa)
R.T. 41 0.43 284
TiNi
363K 83 0.43 715
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Fig. 2 Strength variation according to the reduction of area.
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Fig. 3 Strength variation according to the volume fraction of TiNi.
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Fig. 4 Cumulated AE count according to reduction of area(RA).
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Fig. 5 Tensile strength according to the thermal shock cycle.
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Fig. 6 Relationship between the AE events and tensile strength(500 cycles).
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Fig. 7 Relationship between the AE events and cumulative AE counts
(500 cycles).
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Fig. 8 Relationship between the energy and cumulative AE count.
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Fig. 9 Typical waveform and spectrum due to the debonding.
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Fig. 10 Typical waveform and spectrum due to the fiber fracture.
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