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Shape-Memory Alloys: An Overview
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Shape change in response to thermal loads

e Continuous “fluid” motion with infinite
degrees of freedom

* Bio-inspired design

* Programmable motion
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s Key contributions: - Novel topology optimization formulation
- Bi-level adjoint sensitivity formulation



Phase Transformation

* Inelastic stress and strain response due to phase transformation
* Triggered by latent heat exchange
* Transformation between Martensite and Austenite phases

Two-way shape-memory effect Superelasticity
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Constitutive Model

* Additive decomposition of small strains
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Finite Element Implementation

Global level :

i B
R, = /}(XQ(WBGdUGd,IWQ P Zf(WNGprf,nntl)) =
el G G

Local level :

£+#0:

(He = ®(0ny1, Tny1,€ns1)

H. =€+ A1 — &) —€hiy

Hyii=cHi= 8, + AS(‘fn-{-l =3 €n) — Sn+1

H,=0,+8,,:[Bdy1 — a(Thi1 — Tp) — €l yq]
— 81 [Bdy — 0Ty —Th) —EL] —0nsi

Y

v u

Y

Y

ov

%)

V(”')(u(k)): V(r")(u("')\’ +35v ,/-/'// “‘-m,\_l&\

.
o

U

(k+1)

=u'® 4+ Su

\

£=0:
Hn+1 =0On+ S_l : [(BdTL+1 - a(Tn-{-l - TO) — st)
— (Bdn — a(Tn T TO) - Et)] = Tyl 0

__ H<le-8 _/:->
Yes
_] _l
R R ( 0H H
Su=— a__AZa_(a_J OH | g
cu ¢ G ov\ov Ou
_ R<lel0 =
I Yes
u,v




Optimization Problem Formulation

Two-phase topology optimization:

I I HEH \ g
7 =\

Two-way shape-memory effect
(geometric advantage):

forj =L'd

2274

Superelasticity (mechanical advantage):

f _ Fout _ LOTutF
O Fi| T [Fal

Material interpolation scheme:

ET =P B
ATt — PaT™
yeft — pp*
Martensite
Mg /Mg

7 7 7 7 ;
9 / ag [ ag
cl"-.'3

Austenite

Y



Adjoint Sensitivity Analysis
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Example Problem 1: TWSME
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Example Problem 2: Superelasticity
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Summary & Future Work

* Topology optimization/material interpolation scheme
* Path-dependent, transient adjoint formulation
e 2D examples for TWSME and superelasticity

e Future work:

»Coupled thermal conductivity (heat diffusion, joule heating)
» 3D robotic mechanisms; 4D printing
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