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Scope

Reference to shape memory alloys (SMA): Physical situation

Method: MD simulations (very briefly)

L ennard-Jones crystals in 2D:

Thermo-mechanical properties: Small crystal assemblies

Microstructure formation in extended crystals

Microstructure evolution and hysteresis

Nucleation of martensite
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SMA macro and micro phenomena

Tensile tests
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T-induced MT in a CuAlINi plate (digital image correlation)

Courtesy A. Musclff, BAM and A. Schaefer, RUE
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Functional fatigue of SMA on mechanical and thermal cycling
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Courtesy J. Frenzel and M. Wagner, Ruhr-University Bochum

... Is related to the evolution of microstructure!
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In-situ TEM thermal cycling of Ni50.4Ti49.6

Martensite wedge growth upon cooling

=-29.8°C

Courtesy T. Simon and Ch. Somsen, Ruhr-Liniversity Bochum
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In-situ TEM thermal cycling of Ni50.4Ti49.6

Same locus after reverse transformation: Dislocation mark

Courtesy T. Simon and Ch. Somsen, Ruhr-Liniversity BEochum
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MD simulation method
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MD method in a nutshell

Aim: Calculation of the phase space trajectories
{Xa,Xa} foranensemble of o« =1...N atoms

Classical approach:
e Atoms considered as masspoints,
* Continous energy

Newtonian Equations of Motion:

MaXy = o

fier e V& V;ﬂt interaction force acting on (x

Required:
* Potential interaction energy

Pairpotentials: L-J, Toda, Morse . .
Many-body potentials: EAM, DFT-based, BOP Interaction neighbourhood

e [nitial conditions

Numerical computation is required. Solution: Thermodynamic process
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Direct quantities: Potential & kinetic energy

Potential energy of individual atoms

Vart = 30 @as(rgan))
ger,

Kinetic energy:

e of interaction neighbourhood’s mass centre xg
E}éill _ 1115/2‘;%

With Vs = ) gc, ™8/msXg

o Of devitoric fluctuations about Xs

EX® = ma /2 (%, — vg)”

.}.F

-----

Temperature: >
X
f SR | Mg (o 2 . .
kBT = No >. o (Xa —vs) Interaction neighbourhood
Ber,
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Indirect quantity: Free energy

Macroscopic approach:
Integration of MD-measured load-strain
isotherms P(l, T) using Gibbs' Equation

E o, ~
F(T,1) = Fo(T,lo) + [ P(T,1)di
Lo

\ Length

- It F
\ Load
\ L P(1)

Temperature é@

Finite-sized crystals, fully-unharmonic

Two approaches:

Microscopic approach:

Statistical mechanics: Partition function
Analytic evaluation possible in the
harmonic limit.

Mean atomic internal energy

F
o~ Jo T
N €0+ kB
2kpT
Mean atomic entropie
=1 =~

Infinite, perfect crystals, harmonic limit
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2D Lennard-Jones crystals
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Binary Lennard-Jones crystals in 2D
Generic L-J pafr pgtenﬂaf “Hfgh—T stable austenite” Low-T stable martensite
Teps & Tyos B
_l|||||||| [TTT T T T TIT ] . o
3 M}uﬁ E !.
3 '|, 3 ° e shearishuffle
R o —p
E Ny 3 o o e lransformation
o, Xpq ® O
C @
8 Variants of martensite: —— ”“‘5'33“”” onfi9)  § nucleation on [o1]
i Ehearleﬂ | shear right shear down | shear up
ALstenite . - P A 4 Py
g S8 | 257 1Y
[D1] *‘""'I' i af A-type atoms h—h = .J:_-:"" #,.‘,r !‘:’:
*--9 L = S S i
Nk &0 + — K
-8 [10] . ;o 8.9, Fp L9 i v
& EUFII:I E —— '.__'-'_' # [y : T “-.I
2 ‘T','naEl A-typs atoms “:L—!"':- i '3"" i li’?"‘j ’ ?3‘1 l!
. - -4 -’ L1
i — 4 : n.,.*
¢« & 0. Kastner MD simulations study of martensitic microstructure formation ® >




Date

@ file:/ffhomelolli. . /stabikarte html  =F

Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe

Mechanical stability
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Thermodynamic stability

At equilibrium:

Caust — kBTln 2
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Properties of small assemblies
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Thermodynamics of a small 41-atomic system
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Microstructure formation in extended crystals
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Nucleation and growth of MT in a 2D bar

10,000 atom bar
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Bar video
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Bar details
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Transformation kinetics of a crystallographic layer
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Nukleation and growth of MT in a 2D quad
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...Video...
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Significance

A O A R O R B
OO %ﬂﬁgbﬂ%&%ﬁﬁ%ﬂﬁ%ﬁgﬁﬁﬁg%gﬁgﬁgﬂgﬂg
R K

-

: g q ﬁ
Hgichie. o a“"’ﬁ%’:’ﬂg&?_q RIREES

::__I_. adl *"*"!l' .Q %‘ﬁ&

#28% prnnwa iR P 4 . e .. "' . I,, 4 ..i -. o
- . .". B & ' -.Z_ s - .l-.' '1 d _... ..'t. . » . v H‘. t‘*"% ‘¢¢ﬁﬁﬂ
' ."", s H o y - = |.‘ i . qﬁq

L
|.|.-.--.-l-|.----||-I_|_-----.-|..'. ...... .a.u--.- ..... ] ""-..'""' i e ' , " , e ﬁ&%ﬁ
Martensitic microtwins™ whe. 2 SN ""Q*
------ _i-_-.u.-.--.'__i...rru---u--u.-..--.---.....u".....u-:*r:q_...l__|_,___.__.u_.. 8 5 = Ty ", * o NS *‘Ir

ek
* : 52 1#:,,? # 1

e

<& 0. Kastner WD simulations study of martensitic microstructure formation *® >




Datei Bearbeiten Ansicht Chronik Lesezeichen Extras Hilfe
@ file:/ffhomelol...g/MS_evol html | =F -

Microstructure evolution and hysteresis
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Video: Reverse transformation of a 160,000 atom quad

min max
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Video: Second transformation cycle
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Five cyclic transformations and reverse transformations

Cycle | Cycle Il Cycle I Cycle IV Cycle V
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