
On a 3D model for shape-memory alloysDedi
ated to the memory of M. S
hatzmanAdrien PetrovWeierstraÿ-Institute für Angewandte Analysis und Sto
hastikjoint work with A. Mielke, L. Paoli and U. StefanelliDFG Resear
h Center MATHEONMathemati
s for key te
hnologies
W e ie rstra ß -In stitu t fü r A n g e w a n d te A n a ly s is u n d S to ch a stikBan�, 2nd September 2010



Outline
1 Ba
kground of SMAs2 Ba
kground on the Energeti
 Formulation3 The Souza-Auri

hio model for SMAs4 Error estimates for spa
e-time dis
retizations5 Numeri
s6 Con
lusion

A. Petrov Ban�, 2nd September 2010 2 / 18



Outline
1 Ba
kground of SMAs2 Ba
kground on the Energeti
 Formulation3 The Souza-Auri

hio model for SMAs4 Error estimates for spa
e-time dis
retizations5 Numeri
s6 Con
lusion

A. Petrov Ban�, 2nd September 2010 3 / 18



Shape-memory alloysShape-Memory Alloys are used today in real life:
WHY?

1Souza, Mamiya, Zouain. Europ. J. Me
h., A/Solids, 1998.A. Petrov Ban�, 2nd September 2010 4 / 18



Shape-memory alloysShape-Memory Alloys are used today in real life:
WHY? Be
ause their have the following properties:
⊲ shape memory under heating and 
ooling
⊲ superelasti
 properties under me
hani
al loading
⊲ hystereti
 behavior for damping of vibrations1Souza, Mamiya, Zouain. Europ. J. Me
h., A/Solids, 1998.A. Petrov Ban�, 2nd September 2010 4 / 18



Shape-memory alloysShape-Memory Alloys are used today in real life:
WHY? Be
ause their have the following properties:
⊲ shape memory under heating and 
ooling
⊲ superelasti
 properties under me
hani
al loading
⊲ hystereti
 behavior for damping of vibrationsAIM: Find good mathemati
al models (analysis and numeri
s)1Souza, Mamiya, Zouain. Europ. J. Me
h., A/Solids, 1998.A. Petrov Ban�, 2nd September 2010 4 / 18



Shape-memory alloysShape-Memory Alloys are used today in real life:
WHY? Be
ause their have the following properties:
⊲ shape memory under heating and 
ooling
⊲ superelasti
 properties under me
hani
al loading
⊲ hystereti
 behavior for damping of vibrationsAIM: Find good mathemati
al models (analysis and numeri
s)
=⇒ Souza-Auri

hio model for shape-memory alloys11Souza, Mamiya, Zouain. Europ. J. Me
h., A/Solids, 1998.A. Petrov Ban�, 2nd September 2010 4 / 18



Outline
1 Ba
kground of SMAs2 Ba
kground on the Energeti
 Formulation3 The Souza-Auri

hio model for SMAs4 Error estimates for spa
e-time dis
retizations5 Numeri
s6 Con
lusion

A. Petrov Ban�, 2nd September 2010 5 / 18



Ba
kground on the Energeti
 FormulationState variables Applied �eldu : Ω → R
d displa
ement ℓappl : [0,T ] → X ′ me
hani
al loadingz : Ω → Z phase indi
atorEnergy fun
tional: E(t, u, z) =

∫
Ω W (∇u, z ,∇z)dx − 〈ℓappl(t),u〉Dissipation fun
tional: D(z1, z2) =

∫
Ω D(x , z1(x), z2(x))dx

2Mielke, Theil. Nonl. Di�. Eqns. Appl., 2004.A. Petrov Ban�, 2nd September 2010 6 / 18



Ba
kground on the Energeti
 FormulationState variables Applied �eldu : Ω → R
d displa
ement ℓappl : [0,T ] → X ′ me
hani
al loadingz : Ω → Z phase indi
atorEnergy fun
tional: E(t, u, z) =

∫
Ω W (∇u, z ,∇z)dx − 〈ℓappl(t),u〉Dissipation fun
tional: D(z1, z2) =

∫
Ω D(x , z1(x), z2(x))dx

(u, z) : [0,T ] → U ×Z is 
alled energeti
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Numeri
sWe have developed a 2D FE simulation tools based on some ideas ofCarstensen et al.4
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