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Applications of porous shape memory alloys (SMAs)

* High energy absorbing
Structure and damping
devices

* Medical implant
* (Cooling surface
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/ Background \

(A) Shape memory alloys such as NiTi exhibit larger buckling load as compared with other
structural materials (for example aluminum) (Suzuki, Urushiyama and Taya, 2004)
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(1) Combine previous results of (A) and (B) in Background, to design a porous SMA
such as NiTi which exhibits large energy absorption capacity per weight.
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Approach to Design Porous SMA

(2) Use the large stress-strain characteristics of SMA.

(3) Design composite structure made of porous NiTi and NiTi spring
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Porous NiTi SMA fabricated by Spark Plasma Sintering (SPS)

Specimen Porosity Spark Plasma Transformation
(%) Processing Condition temperature (° C)
Solid NiTi 0 950°C under 50MPa, 5 minutes A, =18.888
A, =37.182
13% porous NiTi 13 800°C under 25MPa, 5 minutes A, =1.288
A, =23.823

Uniform microstructure of
13% porosity NiTi

SPS equipment
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/ Compression tests under room temperature

% > e
I
I; - W 'ir‘ |
i -
' b L .
o)
. Ly
= > - ' ' ’ LA
SN . Tl
- i o
(a) Before Compression (b) Compression up to 5% (crzlf)::cr‘r;zressmn up to 7% and
and unloaded u
1600 ¢ 1200 |
1400 © 1000 |
g 1200 - g g
s £ 2 800
¢ 1000 - 0 § ;
o L n = r
g i 800 - g o 600 |
] g g @ 8 r
& 600 | g 400 F
Q E L
o 400 ¢ € 200 |
200 © g
0 C . ) O L L
0 2 4 6 ] 0 2 4 6 8
Strain (Compression, %) Strain (Compression, %)
Superelastic response of solid NiTi under Superelastic response of porous NiTi under static
static compression compression (fp=13%)

OFFICE Of

UW-Center for Intelligent Materials and Systems




Idealized Stress-Strain Curve
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Model-1: Stress-strain curve of NiTi with closed pores \
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/ Model-1: Stress-strain curve of NiTi with closed pores

Critical stresses
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Model-1: Stress-strain curve of NiTi with closed pores

o4 Stress-induced martensitic transformation
/ ~ Macroscopic strain energy density of porous NiTi
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Model-2: Stress-strain curve of NiTi with open pores \
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Model-2: Stress-strain curve of NiTi with open pores
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/ Composite Design : Porous NiTi Cylinder and NiTi Spring
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Experimental Results of Composite Design \
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Single Porous NiTi 68.3MJ/m?
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/ Model for Composite Design
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/Force-Displacement relation after porous NiTi touches the NiTi spring \
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u, Hollow cylinder
Substitute the strain-displacement relation into the stress-strain .
relation and then substitute into the equilibrium equation Boundary Condition - 2
0*u 18u u The radial displacement of the solid cylinder and the inner

ol + Tor 2 0 =) u =Ar surface of the hollow cylinder should be equal to keep the
continuity of the whole structure
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ﬂ_oadlnq Curve
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/ Unloading Curve

. Start austenite transformation
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/Comparison of the predicted and experimental Force-Displacement curve \
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Conclusion

Successful processing ductile porous TiNi1 with high specific
energy absorption capability by SPS

Establishment of analytical modeling of porous TiN1 by
micromechanic model

Design and demonstration of Composite made of concentric
porous TiN1-SE and Spring of TiNi-SE grade
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