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Development of Fe-Mn—Si—Cr Shape Memory Alloy Machining Chips Reinforced Smart Composite

Teppei WAKATSUKI, Hisashi SATO, Yoshimi WATANABE and Tadakatsu MARUYAMA

Synopsis : Fe-Mn—Si~Cr shape memory alloy (SMA) machining chips reinforced smart composites are developed. The smart composites consist of

SMA machining chips and plaster matrix. Because SMA waste machining chips are used as its reinforcements, the smart material can be

treated as ecomaterial. In this study, fabrication method and mechanical properties of the smart composite, which can be used in architectural

and civil engineering applications, are reported. Fe-Mn—Si—Cr SMA machining chips are subjected to pretensile strain at room temperature,

and are embedded into plaster matrix. The Fe-Mn-Si—-Cr SMA machining chips/plaster composites are then heated up to 250°C (above As)

compressive residual stress in the matrix. Three-point bending test is performed for the mechanical property characterization. To discuss

fracture behavior of Fe-Mn-Si~Cr SMA machining chips/plaster composites, Fe-Mn-Si-Cr SMA coils/plaster composites using SMA fibers

are also fabricated and mechanical tested as model material. SMA machining chips have the property of shape recovery regardless of its

heavy deformation due to machining. Therefore, SMA machining chips are available for reinforcement material as well as SMA fiber. It is

found that SMA machining chips with prestrain improve the bending strength of composite. By using the Fe-Mn-Si~Cr SMA machining

chips for the reinforcement of the SMA composite, one can obtain materials for practical engineering applications at low cost.
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Fig. 1. Schematic illustrations showing SMA joint.
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Table 1. Chemical composition of Fe-Mn-Si-Cr SMA
(mass%).

Mn Si Cr P N C Fe
27.80 | 5.97 | 4.93 { 0.008 | 0.004 | 0.026

Bal.

Table 2. Mechanical properties of Fe—27.80Mn-5.97Si-

4.93Cr SMA (mass%).

Yield Stress MPa 334
Tensile Stress MPa 760
Elongation % 27
Young Modulus GPa 170
Poisson ratio 0.359
M °C -20~20
Ar °C 130~185

Fig. 2. (a) Fe-Mn-Si-Cr shape memory alloy machining
chips and (b) a chip used in the present experiment.
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(a) Specimen A

Plaster Front view

&I ___plaster

Fig. 3. Arrangements of SMA machining chips in (a)
Specimen A and (b) Specimen B.
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Fig. 4. A schematic illustration showing machining chips
reinforced composite material.

(a) Model A (b) Model B
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Fig. 5. Arrangement of coil shape SMA fibers in (a)

Model A and (b) Model B.
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Fig. 6. Macroscopic shape recovery of SMA machining

chips.
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Fig. 8. Bending fracture strength of SMA machining chips
reinforced composite materials.
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Fig. 9. Fracture behavior of the each SMA machining
chips reinforced composite materials.
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Fig. 10. Load—displacement curves of model specimens.
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Fig. 11. Fracture behavior of specimen of (a) Model A and
(b) Model B.
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