ENSTA

N2 1P PARIS

A Multiscale and Thermomechanical Modeling
of Shape Memory Alloys using CAST3M

PhD student (Reporter).  Xiaofei JU (xiaofel.ju@ensta-paris.fr)

Supervisor:  Ziad MOUMNI (ziad.moumni@ensta-paris.fr)



Backgrounds

Constitutive Equations

Numerical Implementation

Selected Resulis




Backgrounds-NiTi Shape Memory Alloys (SMAs)

B Unique Properties

Shape Memory Effect: Recover their shape by simple heating after being inelastically strained

Pseudoelasticity: Accommodate large recoverable inelastic strains (6-8%)

B Applications

Landing Gear

Biomedical Aerospace Automotive Robotic

* Promising Material in Applications of Biomedical, Aerospace...
« Safety Problem Related with Cycle Fatigue Issue

* A Micromechanical-based Model Required for Fatigue Analysis

Jani J M, Leary M, Subic A, et al. ,Materials & Design, 2014



Backgrounds - Inelastic Mechanisms

B Martensitic Transformation
A solid-solid phase change between cubic austenite and martensitic phase

Pseudoelasticity: T>A?
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Backgrounds - Inelastic Mechanisms

B Deformation Slip in Austenite B Deformation Twinning in Martensite
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Xiao Y, Zeng P, Lei L, et al. Shape Memory and Superelasticity, 2015 Wang X, Xu B, Yue Z. Journal of Alloys and Compounds, 2008



Backgrounds - Inelastic Mechanisms

B Transformation-induced Plasticity (TRIP)
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Fig. 1. Schematic of TRIP deformation, T and E are global stress and strain, A and M represent austenite and martensite phases: (a) macroscopic
stress-strain response; (b) the accumulation of dislocations at mesoscopic scale; (c) at microscopic scale, generation of the dislocation slip is located
in austenite phase in front of A-M interface in order to achieve compatibility (Paranjape et al., 2017; Sittner et al., 2018; Heller et al., 2018).
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Fig. 2. Schematic of stress peak in A-M interface initiating fatigue cracks through interactions between TRIP-SBs and grain boundary (GB), or other

defects inside the material.

Zhang Y, Moumni Z, You Y, et al. International Journal of Plasticity, 2019



Motivations - Originality

Table 1
Summary of micromechanical constitutive models.

Models Features

Finite strain theory A B C D E F
Thamburaja and Anand (2001) v v
Lim and McDowell (2002) v v
Anand and Gurtin (2003) v v v
Thamburaja (2005) v v
Wang et al. (2008b) v v
Manchiraju and Anderson (2010) v v v
Richards et al. (2013) v v v
Mirzaeifar et al. (2013) v v
Yu et al. (2013, 2015c) v v v
Yu et al. (2014a) v v v v
Yu et al. (2014b) v v v
Yu et al. (2014c) v v v v
Yu et al. (2015a) v v v v
Paranjape et al. (2016) v v v
Xiao et al. (2018) v v v v
Paranjape et al. (2018) v v
Yu et al. (2018) v v
Dhala et al. (2019) v v v v
Xie et al. (2019) v v v v
Xie et al. (2020) v v v v v
Ebrahimi et al. (2020) v v v
Hossain and Baxevanis (2021) v v v v v
Xu et al. (2021) v v v v v v

v v v v v v

n Present work v

ENSTA Notes: A: phase transformation; B: deformation slip in austenite; C: deformation twinning in martensite; D: TRIP; E: thermomechanical coupling
effect; F: cyclic loading (cycling up to the shakedown (stabilized) state).

W2 1P PARIS



Backgrounds

Constitutive Equations

Numerical Implementation

Selected Resulis




Constitutive Equations

B Main Equations

Intermidiate configuration

.......

Fe

Initial stress free configuration

« Deformation Gradient F
F =F,F

 Elastic Green Strain E,,

Current configuration

1
D Eezz(Uez_I) while Fo = R.U,

ENSTA
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Hooke’s Law
T=CE,

Cauchy Stresso

o F,TF?

" det(F,)

Velocity Gradient L
L=FF'=L,+F,Ly, F, !

Inelastic Part of L

Linel ~ Lﬁ + Ltr + Ltrip + le\o/l

9



Constitutive Equations

B Main Equations

Line; ~ LY + Lgp + Ly + LY
s Li=(1-OY2%, 75, @
v Ly = Y02 EW g8,
Lerip = (1— &) X24, yor0 S, @

* th 1 Vtt)stw()

« Orientation Tensor

Sp (O.’): mo (O.’) ® nO ((X)
S, O=b, Vxd,®
StW (t) — bgw(t) ® dgw(t)

B State Variables

Eef f(l 0 yfga)' yt(w)’ yt(;gy Bint

10



Constitutive relations

B Helmholiz free energy density

lp(Ee» 5(1’), 9) =P+ Yo+ YPine + lpp + Yirans + Yest

where,
1 24
lpeziEe:C:Ee lj)p:(l_f)z )|y[§a)|_|_€z gg\? yt(vf/)
a=1
0 1, 1
Yo =C|(6 — 90) - 91n9_0 + u(6 — 90)5 Yirans = EGE— + Eﬂgtrf(l - &)
Nt
l/}int = _Bint: (Ltr + Ltrip) lpcst = _WO(l — ',C) - Z Wif(i)
i=1

€4
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Constitutive relations

Bm Evolution laws

O Plasticity in austenite
1

(@) o (@) (@) (@)
(a . . (04 a o
Vil = V4 ~@ 51gn(rA ),ana’ T, =M:S,
9a
24
g5 = > wP i)
B=1

O Plasticity in martensite

1
)\ Mew
0 [ Few (t)
yt(‘f,) = < Viw (QSB v Tew 2 0, and Tt(\? = M:Sg\tza
\ 0, D <0

11

50 = har
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O Transformation induced plasticity (TRIP)

éc
14 —2=1 2] .
(@ sat b1|€|51gn(jft(r‘)l-2)\/heﬂ SFp(f(%tic > SF ritical

ytrip - b1

O Transformation
» Transformation criteria
?:4(13 = tgi) - c(i) =0
Tl\gll;ﬁ)l = t(ri) +fc(i) =0
» Consistency conditions
Fin=0and =0 = >0

Faa=0and Fy) =0 = £<0

0 otherwise

Forward transformation

Reverse transformation

Forward transformation

Reverse fransformation

12



Constitutive relations

Bm Evolution laws

O Internal variables related with cyclic degradation

sat &, . sat &
(1) _ _ fua zlf(l)l 7El) — frm e_a|€(l)|
ua b3 m b,
) )
_Sc | e c_sat = Jc_0 _Sc
R &= ( bs )

O Dislocation density and stored energy

Prot = (L —=8)pa+ & - Eew - Pms

P,Ela) = Cl(,f a 1 pﬁ“) CzPAa))(|V,§a)| + |Vt(:39
60 = co( /zt e —epy )

€4
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Numerical Implementation

B Subroutine Interface

mo_uftil = MODE 'MECANIQUE' 'ELASTIQUE" 'ORTHOTROPE' 'NON_LINEAIRE" 'UTILISATEUR' 'NOM_LOI' ‘cp'
'C_MATERIAU" LCMAT 'C_VARINTER" LCVAR;

'C_MATERIAU' — give access to the list of names associated with the material properties, LCMAT

'C_VARINTER' — give access to the list of names associated with the material’s internal variables, LCVAR
Demanded by System

LCMAT = MOTS 'YGl YG2 'YG3 'NUT2' 'NU23" 'NUIT3" 'G12" 'G23" 'GI13" 'VIX' 'VIY' 'VIZ' 'V2X' 'V2Y’ '\/22'}

——————————————————————————————————————————————————————————————————————————————————————————————————————————————————————————

—————————————————————————————————

GO 'G_'" 'HO' 'dgam0’ 'm' 'a' 'g' ‘\: Deformation Slip
i'g’rr’ ‘G’ 'beta’ 'miv’ 'theta0" 't_ambient’ 'fc’ i Transformation
E'GW' 'G_w 'HOW' 'dxiw' 'mw' 'aw’ 'gw E Deformation twinning
oo bl b2 gam) J TP

r> ' 'cp! volume' “area Thermomechanical Coupling

ENSTA i'fc V'agx_''bS''bs 'G1'G2 HT H2 'tw_a’'tw_b’; 'Cyclic deformation

----------------------------------------------------------- 15
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Numerical Implementation

B Subroutine Interface
'C_VARINTER' — give access to the list of names associated with the material’s internal variables, LCVAR

LCVAR = LCHOOK ET LCR ET FININV ET BINT ET LCTAUP ET LCG ET LGAM ET LCTAUTR ET LXI ET LXITOT
ET LCTAUTW ET LCGW ET LXITW ET LXITWTOT ET LGAMIW ET LCTAUTRI ET LGAMIRIP ET LXIC

ET LTHETA ET LTMD ET LILT ET LTH ET LGAMTOT ET LGAMIWOT ET LGAMIROT ET LFC ET LGX;

LXI'= MOTS 'XIOT" 'XI02" 'XI03" 'XI0O4'
'XI05" 'XI06" 'XI07" 'XIO8'
XI109" 'XI1O" “XIT1" 'X1N2'
X3 XI14" 'XI15" 'XI16'
X170 XN X119 X120
X121 'X122" 'XI123" X124

€4

ENSTA 16
@ IP PARIS




Numerical Implementation

B Time-integration Procedure
t: Prior Time

T = t+At: Current Time

Given: To Calculate:

(1) FOLFE) Fna®) A (160w, .0, 10w, 180, 1.
IO, o) il 9@, 1@, 95 @, 95 (0. Bine (0.
3) €90, £O7,”®. 75, ©, Vigip (O, ‘ 2) 6(v).

B0, T4 (©), 947 ©), g4 (©), Bine (D), (3) Fine1(D),

(4)6(1) 4 ,
\ t / \() T(7),0(7) /

€4
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NZ! 1P PARIS

17




Numerical Implementation

B Time-integration Procedure

Step1: Calculate E,(7)trie

( )

F.(t )m.al = F(T)Fine[(t)_1
A(T)trtal (F (T)trzal)TFe(T)trtal

e(,z_)trlal Z(A(T)Irlal I)

J

Step2: Calculate elastic modulus

[ C(1) = (1-£(1)Ca+&(1)Cy ]

Step3: Calculate T(z7)ti¢, M(7)trial

T(T)trial — C(f) :Ee(,z.)tria[
M(7)7i4l = A(7)rialT(g)trial

€4
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Step4: Calculate trial resolved shear stress

-

TA(é)(T)r-ri.ai ZM(T)rriaI‘ :Sp(ar) |
D) = (M(1)" + Biyy (1) : S
()" = M(z)" ! 8,0,

trial

(T = (M@ 4 B (0) 1S,

Step5: Calculate trial driving force for each mechanism

/(')(r)"m’ = g1 ()" = LE, : AT(1) : E, — p(0(1) - 60) — GE(1) — 1Bgn (1 - 2‘5(;))\

£ @yl = [04@ ()" - (1)
£ ()il = 2,0 ()"~ gl (1)

trial

Fuip @7 = 13, (1)

\_

Stepé: Calculate Ay(® (1), Ay (z), 26D (x) and ay'®) (1)

trip

Step7: Renew &3)(7), &(r) and &.(7)

18



Numerical Implementation

B Time-integration Procedure

Step8: Calculate temperature change A6 (1)

Step9: Calculate and normalize F;,.;(7)

Jinel = det(Finel(T)), Finel(T) = J_§ Finel(T)

inel

[me—r) =[1+(1-£(2) 224, Ay (D)8, + 2, Ag®) (DS + (1) Eidy Ay (DS + (1= £(0) B2, Ayl ()8, | Finer (r)]

Step10: Update C(7)
[C(r) — (1 - £(1))Ca + £(1)Cas ]

Step11: Compute F,(z), T(t)andao (1)

[Fe(T) = F(T)Finel(T)_l \

I(7) = C(7) : Ec(7)

- T Fe(MT@) (Fe(1)

D Step12: Renew a group of internal variables

ENSTA

NZ! 1P PARIS
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Numerical Implementation

B Generalize the Model for Polycrystalline

Mechanical loading
ﬁ Each element represents a single crystal

’

y4 /
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Selected Resulis

B Activation of inelastic mechanisms

(a) 800 (b) 800 (c) 1400,
700 + - 1200}
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Selected Results

[210]

B Cyclic Responses of Single Crystal of Different Orientations

Loading cycles

Gall K, Maier H J. Acta Materialia, 2002

[111]

W2 1P PARIS
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Selected Resulis

B Cyclic Responses of Polycrystalline at Different Strain Amplitudes
Experiment (Wang et al., 2008)

€ € & € €
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Selected Results

B Evolution of Microstructural-related Variables

@) 1200 4o (b) ©) 0.3
—~ |-~ 2ndcycle g | E
O 800--- 4thcycle ,/ _q:) g | 2 0.2}
= --- 16thcycle // = e = /f///'
a e g T =
o 400r[ii==" i S = | g 0.1
5 ilil il é} g
otfer o . . . . 1 8 ooLb—— v
0 2 4 6 8 10 “ 0 2 4 6 8101214161820

Strain (%) Number of cycles

Prot = (1 —=8)pa+ & - Eew - Pms

~ ~ 2
Est ~ ptotEdis ~ Zptothhearb
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Conclusions

O Developed a Multiscale and Thermomechanical Model for SMAS

O Implemented the model into CAST3M and Well Reproduced Cyclic Response of SMAS

O Infroduced Variables Associated with Microstructural Changes for Fatigue Analysis

26
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Motivations

B Development of a Reliable Fatigue Criterion

1 Criterion: Deyee= mNy' g fiHz) lgm n

s ] Fitted: ole= lgm-n-

E | Fitted: lgDoae= lgm-n-1gN: . 0.16 | 6.3433 | 1.7999
) o

= A 03 | 49474 | 1.4101
= v R

> . A%e 0.64 | 4.6587 | 1.3567
% o ° Voo A I | 33565 | 0.9853
@ e RN - 2.5 | 23144 | 0.6960

- = AN

0] ® L0 Lo

= N e |5 | 15847 | 0.4933
2 LT R

o 11

ﬁ _ ..'.-.._“-_:‘.‘ ‘-.‘.

= o 0.16 Hz v 1Hz o 3‘

[ ® 03Hz © 25Hz 7

2 A 064 Hz ® 5Hz o e

1000
Cycle to failure

For NiTi SMAs:

Dcycle — mlfmsz(n1-lgf+n2)1

Meso-scale/Micro-scale

‘ Fatigue Damage
linked to

Macro-scale

Hysteresis Work

Dissipated Energy Stored Energy

\ 4

Intrinsic Indicator for Fatigue Behavior ?

Micromechanical-based Models are the key for Investigating the fatigue behavior &
further establishing a good fatigue criterion

Zhang Y. Low cycle fatigue of shape memory alloys [phd thesis]. 2018
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B Definition of Effective Anisotropic Elastic Moduli

C=(1-¢8C,+ éCy

4

T =CE,

29




B Thermomechanical Coupling

The first law of thermodynamics
Y =U-0q

U=P.F-V q ‘ 67 = P:F—)—0n—V-q
‘ P:F=T:E,+F'FT:L,,

Hn—th(‘)s‘(") +(1- f)Z @y <“>+€Zﬁ§?n$?+<1 f)EﬁS‘i‘;n&'i;

oy 9
‘ n——%—Cln——uZ‘ﬁ
24 24
CO+7q= th(l)f(‘)ﬂl f)Z @y “‘”+€Zﬁ$?n&?+(1—E>Zﬁ$i-‘;y'§;‘%+ oy O
a=1 =1

S
Mecbamca] d1551pa tion Latent heat

ENSTA

W2 1P PARIS
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Simvulation Part - Basic Model

B Helmbholiz free energy density B Thermodynamic Driving Forces
(0 — . .. : Ve
lp(Ee; $H, 9) Ve + Yo + Yine + lpp + Yirans + Pest P:F—1vy —n0 — CIT >0 Clausius-Duhem Inequality
where,
Y ! E.:C:E -2 M ~2
e = 5 Le N Le ( \ (7773
2 P I ) 0D
0 (T - aEé)}- Ee _:<77 )9 + Z [gtr(M + Bmt) S 66(1)] f(
Yo =C (9—90)—9”16—0 +u-6)¢ 77777 3.2
Qbint = —Bp;: (Ltr + Ltrip) +(1-¢) Z [(M S, (a)) /(@) gga) |)'/Iga)|] + fz (M1 Stw gg\?)n(\fu)
24 L=
o= g |7+ 62 ghis (754) avo
= H(1-9) Z (M + By S, ] 75 - 1= 2 0

1
Yirans = Eng + Eﬁgtrf(l - &)

Thermodynamic Driving Force For Phase Transformation
Yest = —wWo(1—¢) — z Wi's(i) 1
- A = gtr(M+ Bint): Ser? == Ee: AC: E, — (6 — 0)

€ 4 -G§ —Eﬂgtrm —28) +wp -

ENSTA
31
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Implementation

B Detailed procedure for step 6
e Plasticity in austenite

——————————————————————————————————————————————————\

’ (1) The slip increment is approximated as AN
vy (1) = (1= 0073 (1) + 617" (1)1 Ar
(91 is a parameter between [0, 1]. In the present work, 61 is taken as 0.5.)
(2) Employing a Taylor expansion:

(cr)
@ =300+ T A @+
t

(3) The slip increment is rewrltten as:

o Explicit method

(cr) (Q) (1)

t

- e == ——
e o o o o o o o o e e o o

My (1) = MO (1) + 61 T | ArD (r) 46, P | Agl®
7A (r) = t()/ (r) + (a) T4 (1) + g(.:z) (1))
) I
\\ Where, ATAQ)(T) = Tf) (T)’”“l — [(f)(t), Ag(a) (1) = 2%41 hzﬁ (ﬁ)(T)l !

i U

@ F(00)) = 2@ - - 0720 + 07 @l

| | Implicit method
 (5) solve f (AyA )(r)> = 0 by Newton-Raphson method !

ENSTA

W2 1P PARIS
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Implementation

B Detailed procedure for step 6

e Phase transformation

(1) Determine the set of potentially active systems P A
a. For forward transformation, the system belongs to P A if it satisfies:

Wgyrial _ p¢D 50, £D1)e[0,1)  and  £(1) € [0,1)
b. For reverse transformation, the system belongs to A if it satisfies:
@ s <0, 0 e 1] and &) e (0,1]

(2) Solve a equation set deriving from the consistency conditions: 3 ;cp 4 AVx/ = b’ ,i € PA
a. For the forward phase transformation, it has:

i i mr —EL ) o(k . i
AV = (g1, C Lo (1) = 53, (2 Sy )18, + G~ Pau
i o) r (i
bl = ! (T)I ial _ ct)
=AY (1) >0
b. For the reverse phase transformation, it has:
.. _f(_(i'}
Al = [gFFZCI‘(’{C)an(T)trral + Z mr

= fi e+ g
A=A (1) <0

%) 80+ G - B,

(3) If the solution A& (1) is negative during forward transformation, this system is inactive and
removed from PA. AV will be recalculated.
Similar conduction for reverse transformation (when A& @ (7) positive).

D (4) Such iterative procedure is continued until all A¢(" (1) satisfy the requirement.
ENSTA

W2 1P PARIS
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Implementation

B Boundary Conditions

csu = enve voll;

x1 = coor voll 1;

haut = csu elem 'APPU' 'STRI' (x1 poin 'EGAL' 11) coul bleu;

Mechanical loading

A cl_haut = blog 'UX' haut;
depx = DEPI cl_haut (50.x%13);

ltps. = prog 0. 234.;

h y lamp = prog ©. 0.001;
evl = evol 'MANU' 1ltps  lamp;
: A w(z=0=0
| 4 — —
X | e ’ z cha® = CHAR 'DIMP' depx evl;
Y | nGe0)=0
— | // /,—p__b =())=
N T N ‘ uy(y—O)—O rigx = blog surl 'UX';
— | . —
Heat convection / i u,(z=1 )=u,(t)
1T ¥ x2 = coor. voll 2;
P ELEEELL -——— X symy, = csu elem 'APPU' 'STRI' (x2 poin 'EGAL' @.) coul roug;
/ d4 = d4 coul roug;
,’// rigy = BLOQ d4 'UY';
Vd
4 x3 = coor voll 3;

€4
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Implementation

B Pasapas

prog @. 234.;
prog @. 0.001,;
evl = evol 'MANU' ltps lamp;

Displacement Control Loading

TABU = TABLE ;

TABU. 'MODELE' = mo_util ;

TABU. 'CARACTERISTIQUES' = ma_utill et ma_util2 ;
TABU.GRANDE_DEPLACEMENTS= vrai;

TABU. 'CHARGEMENT' = cha@ ;

TABU. 'TEMPS_CALCULES' = PROG @. pas ©.02 234.;
TABU. 'TEMPS_SAUVES' = PROG @. pas 2. 234.;
TMASAU=table;

tabu . "MES_SAUVEGARDES'=TMASAU;

TMASAU . 'DEFTO'=VRAI;

TMASAU . 'DEFIN'=VRAI;

TEMPS 'ZERO' ;

PASAPAS TABU ;

€4
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tt=tabu. TEMPS_SAUVES;
nn= dime tt ;
nn=nn-1;

*N = dime (tabu.DEPLACEMENTS);
ff= prog @.;

SI ((&BOUC1 < 2) ET (&BOUC2 < 2));
ff= extr (tabu. contraintes. nn) smxx 1 &BOUC1 &BOUCZ;

ff= ff + (extr(tabu. contraintes. nn) smxx 1 &BOUC1l &BOUC2);

FINSI;

fin BOUC2;
fin BOUCT;
ff=ff/nip;

prog 234. 468.; Force-control Unloading
prog 1. ©0.08;

ev2 = evol 'MANU' 1tps2 Tlamp2;

TABU. 'CHARGEMENT' = cha2 ;

TABU. 'TEMPS_CALCULES' = PROG 234. pas 0.02 468.;
TABU. 'TEMPS_SAUVES' = PROG 234. pas 2. 468.;
*TABU. 'CONTRAINTES' .@= sil;

TMASAU=table;

tabu . "MES_SAUVEGARDES'=TMASAU;

TMASAU . 'DEFTO'=VRAI;

TMASAU . 'DEFIN'=VRAI;

TEMPS 'ZERO' ;

PASAPAS TABU ;

*TABTPS
*CPUext

TEMP 'NOEC';
TABTPS. 'TEMPS_CPU'. 'INITIAL';

opti sauv 'lcycle.sauv'; 35

SAUV tabu;



Euler Angles

B Use Euler angles to represent the fransformation matrix

0.5 o - Rotate sequence: Z-X-Zwiththeangleof(¢,,¢, ¢,)
D
Cos ¢ sin ¢» Ol 1 0 0 cos g sin ¢ 0
g= | —singg cosg O 0 cos®@ sin@ | —singg cosg O] (1-5)

0 0 1JL0 —sin® cos 0 0 1

« Transport of the transformation matrix

. ABC- Global coordinate system s gqa)s.sgm —sir.lgasinggoos@ sir%gaméga+msgqsingmms@ singmsi-n@
g=| —cosq@sing —singcos @eos P —sin@sin gz cos greos @eos P cos gzsin @
» XYZ- Local coordinate system L sin @asin @ —cos @asin @ cos @
u r h
=l v s k] (1-6)
Lw ot

« Rangeoftheangles
@1€ [0, 27], ¢ €[0,], ¢2€[02m]



Random Orientation

* Range of the angles
@1 €[0,2m], P[0, ¢;€]02m]
- Code in dgibi file

fall thta fai2 = 0. 0. O.¢ __ _ ___________

{ fail=BRUI 'BLAN' 'UNIF' 180. 180. (nbel voll);\I L. .
:thta:BRUI 'BLAN' 'UNIF' 90. 90. (nbel voll); IGenercﬂec:rcmdom value list in the defined range for the Euler angles

 fai2=BRUI 'BLAN' 'UNIF' 180. 180. (nbel voll);

1
_________________________________ /

— o o e o e e o e o e o o ey

(opti '"SORT' 'fail n3';
I SORT 'EXCE' fail;
:opti 'SORT' 'thta n3';
I SORT 'EXCE' thta;
:opti "SORT' 'fai2 n3';

\SORT 'EXCE' faiz; _ ___ ’

[ fail= manu 'CHML' mo util 'REPA' 'TYPE' 'RIGIDITE' 'fail' fail;:

: thta= manu 'CHML' mo util 'REPA' 'TYPE' 'RIGIDITE' 'thta' thta;; Spread the values of Euler angles on each element
|
1

| fai2= manu 'CHML' mo util 'REPA' 'TYPE' 'RIGIDITE' 'fai2' faiz2;



Random Orientation

Generate pole figure from Euler angles (o check the orientations generated by simulations)

Use MTEX Toolbox

Code in Matlab

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

*text redine wobble angle of 5 degree of {111}<110>
cs=crystalsymmetry('m3m');
ss=specimenSymmetry('1');

fname=[mtexDataPath '/ODF/euler_n5.txt"' ];

setMTEXpref ('xAxisDirection’, "north');
setMTEXpref ('zAxisDirection'’ 'outofPlane’ );
plotPDF (ori,Miller({1,0,0}, {l,l,l} {1,1,0},cs), 'Markersize', 3,'points','all');

Define the symmetry of crystal and specimen
Input the Euler angles in the form of txt file.
Read the txi file as orientations

Set the direction for the pole figure

o A WD =

Plot the pole figure in the crystallographic orientations

ori = loadOrientation_ generic(fname 'CS',cs,'sSS'",ss, 'ColumnNames', {'Eulerl' 'Euler2'

'Euler3'}, 'Columns'

![ll2l3]l

'Degrees’,

'Bunge');



Texture

B Range of the angles (<111>{1-10} texture)

=>[111], [1-10], [11-2] consider wobble angle for polycrystal
| > @1 €[0,360°], ¢ =55°+5° ;=45°

=> ¢,=0,9p=55°¢, = 45°

B Code in dgibi file

fail thta fai2 = 0. 0. 45.;

{ fail=BRUI 'BLAN' 'UNIF' 180. 180. (nbel voll);
1 thta=BRUI 'BLAN' 'UNIF' 55. 5. (nbel wvoll);

*fai2=BRUI 'BLAN' 'UNIF' 180. 180. (nbel wvoll);

|
N e e e e e e e e e e e e e e = e e e e e e = e = e e = = - -

\
' Generate a random value list in the defined range for the Euler angles
I

o o o o o o o oy

( opti 'SORT' 'fail nb5'; \
T T 7 - I °
! SO?T ?’é;? f;lul: : Output the random value list for the Euler angles
opti ' o an ' I
'\SORT '"EXCE' thta; 1

: fail= manu '"CHML' mo util 'REPA' 'TYPE' 'RIGIDITE' 'fail' fail; : S d th | f Eul ] h

| thta= manu 'CHML' mo util 'REPA' 'TYPE' 'RIGIDITE' 'thta' thta; , °Préadine values or tuvier angies on eac

| *fai2= manu 'CHML' mo_util 'REPA' 'TYPE' 'RIGIDITE' 'fai2' fai2;1 element
____________________________________________ d
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(a) 1400

B Deformation twinning in martensite at large strain
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B Polycrystalline
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