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Abstract: It is well know that the structure of shape memory alloy (SMA) can change from martensite austenite
by either temperature or stress. Due to their inherent shape recovery properties, SMA fiber can be used such as
for stress or cure-monitoring sensor or actuator, during applied stress or temperature. Incomplete superelasticity
was observed as the stress hysteresis at stress-strain curve under cyclic loading test and temperature change.
Superelasticity behavior was observed for the single-SMA fiber/epoxy composites under cyclic mechanical loading
at stress-strain curve. SMA fiber or epoxy embedded SMA fiber composite exhibited the decreased interfacial
properties due to the cyclic loading and thus reduced shape memory performance. Rigid epoxy and the changed
interfacial adhesion between SMA fiber and epoxy by the surface treatment on SMA fiber exhibited similar in-
complete superelastic trend. Epoxy embedded single SMA fiber exhibited the incomplete recovery during cure
process by remaining residual heat and thus occurring residual stress in single SMA fiber/epoxy composite.

Keywords: stress-cure sensing, superelasticity, shape memory alloy, electro-micromechanical technique,
nondestructive evaluation
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Figure 1. Schematic illustration of three-type testing speci-
mens: (a) single fiber tensile test (b) electro-micromechanical
test of single fiber and (c) electro-micromechanical test and
cure monitoring of single fiber/epoxy composite.
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Figure 2. Experimental systems for the measurement: (a)
electrical resistivity with cyclic loading test and (b) electrical
resistivity with temperature or curing.
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Figure 3. Schematics of change of crystal structure during
shape memory behavior.
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Figure 4. Stress-strain curve of a single SMA fiber.
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Figure 5. Change in electrical resistance, o with temperature.
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Figure 6. Stress-strain curves from cyclic loading test of
single SMA fiber: (a) without epoxy matrix and (b) with
epoxy matrix.
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Figure 7. Shows stress, strain and change in electrical re-
sistance under cyclic loading/unloading: (a) bare SMA fiber
and (b) single SMA fiber/epoxy composite.
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Figure 8. The changes in electrical resistance under cyclic
loading of single SMA fiber/epoxy composites embedded:
(a) a conventional epoxy matrix (b) a rigid epoxy matrix
and (c) a rigid epoxy with the silane modification.
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Figure 9. The change in electrical resistance versus time of
a SMA fiber with: (a) the temperature change and (b)
curing temperature.
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