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Martensitic phase transitions
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Tensile Test of the 0.632 mm NiTi Wire




Double well energy
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Over-damped dynamics
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Marginally stable states



Martensitic phase transitions
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Statistics of avalanches
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Spatial complexity
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How the system finds
the critical point?

e Critical domain is anomalously large
* Limited plasticity

* Inertia



Plasticity?
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Local energy
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Plastic deformation
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Energy structure
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Energy accounting of plastic
deformation
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Dynamics of the order parameter
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Automaton
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Dislocation density, p
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Fluctuation statistics varies along the
cycle
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Inertia?



Direct continuum modeling

Ao (T) (€5 + €3) + A e3(€5 — 3€3) + Ay (€3 + €3)?

Ftetra =
Foad = 5(Vesl +[Vesl)
1 0ui  Ouj
e‘J o 2(8123 + 0:v,)
es = (e11—exn)/V2
ea = (e11 + e —2ea)/V6

1 . .
R= 57(622 + €3%)




Numerical simulations

over-derdamped underdamped



Inertia-induced complexity
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Mass-spring chain

L, v —

. L, Uy — Ui Y M
pii; = — [ ( )—o
€

)-l-z'("il.z-ﬂ + i1 —21;) —I—? (Ujpro+ui_o—2u;)

inertia NN interaction viscosity NNN interaction

Quasi-static driving B |

/ p —_— LL '. o
g = up = 0 /{/ \

‘l'l;N_l = 'l.l.vN_Q =7 €m

NN potential



Hamiltonian system (FPU)
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Thermodynamic behavior
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Average Stress

From under to over damping
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Conclusions

 There are (at least) two paths to scaling in martensites.
The domineering mechanism depends on micro-parameters:
transformation strain, elastic moduli, barrier structure.

e Limited plasticity allows the system to generate (after training)
a statistically stable configuration of defects which makes
subsequent phase transformation scale free.

 Even small inertia can become crucial if the system is close to
marginal stability because it can generate a dynamic disorder
( ergodicity on a subset of the configurational space? )



