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Backgrounds-NiTi Shape Memory Alloys (SMAs)

 Unique Properties

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

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

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

 Applications

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
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Backgrounds – Inelastic Mechanisms

 Martensitic Transformation

A solid-solid phase change between cubic austenite and martensitic phase

Pseudoelasticity: T>𝑨𝒇
𝟎

 Thermomechanical Coupling Effect

Mechanical Response
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Backgrounds – Inelastic Mechanisms

 Deformation Slip in Austenite  Deformation Twinning in Martensite

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

High Temperature Large Strain
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Backgrounds – Inelastic Mechanisms

 Transformation-induced Plasticity (TRIP)

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



Motivations - Originality

7



8

Contents

1 Backgrounds

3 Numerical Implementation

4

2 Constitutive Equations

Selected Results



9

 Main Equations

• Hooke’s Law

• Cauchy Stress𝝈

𝑻 = ℂ:𝑬𝑒

𝝈 =
1

ሻ𝑑𝑒𝑡(𝑭𝑒
𝑭𝑒𝑻𝑭𝑒

𝑇

𝑭 = 𝑭𝑒𝑭𝑖𝑛𝑒𝑙

• Deformation Gradient 𝑭

• Elastic Green Strain 𝑬𝒆

𝑬𝑒 =
1

2
𝑼𝑒

2− 𝑰 𝑭𝑒 = 𝑹𝑒𝑼𝑒while

Constitutive Equations

• Velocity Gradient 𝑳

• Inelastic Part of 𝑳

𝑳 = ሶ𝑭𝑭−1 = 𝑳𝑒 + 𝑭𝑒𝑳𝑖𝑛𝑒𝑙 𝑭𝑒
−1

𝑳𝑖𝑛𝑒𝑙 ≈ 𝑳𝑝
𝐴 + 𝑳𝑡𝑟 + 𝑳𝑡𝑟𝑖𝑝 + 𝑳𝑝

𝑀
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 Main Equations

𝑳𝑖𝑛𝑒𝑙 ≈ 𝑳𝑝
𝐴 + 𝑳𝑡𝑟 + 𝑳𝑡𝑟𝑖𝑝 + 𝑳𝑝

𝑀

• 𝑳𝑡𝑟𝑖𝑝 = (1 − 𝜉ሻσ𝛼=1
24 ሶ𝛾𝑡𝑟𝑖𝑝

𝛼
𝑺𝑝

𝛼

• 𝑳𝑝
𝐴 = (1 − 𝜉ሻσ𝛼=1

24 ሶ𝛾𝐴
𝛼
𝑺𝑝

𝛼

• 𝑳𝑡𝑟 = σ𝑖=1
24 ሶ𝜉 𝑖 𝑔𝑡𝑟𝑺𝑡𝑟

𝑖

• 𝑳𝑝
𝑀 = 𝜉 σ𝑡=1

11 ሶ𝛾𝑡𝑤
𝑡
𝑺𝑡𝑤

𝑡

𝑺𝑝
𝛼 = 𝒎0

𝛼 ⊗𝒏0
𝛼

𝑺𝑡𝑤
𝑡 = 𝒃0

𝑡𝑤 𝑡
⊗𝒅0

𝑡𝑤 𝑡

𝑺𝑡𝑟
𝑖 = 𝒃0

𝑖 ⊗𝒅0
𝑖

 State Variables

𝑬𝑒 , 𝜉
𝑖 , 𝜃, ሶ𝛾𝐴

𝛼
, ሶ𝛾𝑡𝑤

𝑡
, ሶ𝛾𝑡𝑟𝑖𝑝

𝛼
, 𝑩𝑖𝑛𝑡

Constitutive Equations

• Orientation Tensor 
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Constitutive relations

 Helmholtz free energy density

where,

𝜓 𝑬𝑒 , 𝜉
𝑖 , 𝜃 = 𝜓𝑒 + 𝜓𝜃 + 𝜓𝑖𝑛𝑡 + 𝜓𝑝 + 𝜓𝑡𝑟𝑎𝑛𝑠 + 𝜓𝑐𝑠𝑡

𝜓𝑒 =
1

2
𝑬𝑒: ℂ: 𝑬𝑒

𝜓𝜃 = 𝐶 𝜃 − 𝜃0 − 𝜃l n
𝜃

𝜃0
+ 𝜇 𝜃 − 𝜃0 𝜉

ሶ𝜓𝑖𝑛𝑡 = −𝑩𝑖𝑛𝑡: 𝑳𝑡𝑟 + 𝑳𝑡𝑟𝑖𝑝

ሶ𝜓𝑝 = (1 − 𝜉ሻ෍

𝛼=1

24

𝑔𝐴
𝛼

ሶ𝛾𝐴
𝛼

+ 𝜉෍

𝑡=1

11

𝑔𝑡𝑤
𝑡

ሶ𝛾𝑡𝑤
𝑡

𝜓𝑡𝑟𝑎𝑛𝑠 =
1

2
𝐺𝜉2 +

1

2
𝛽𝑔𝑡𝑟𝜉 1 − 𝜉

𝜓𝑐𝑠𝑡 = −𝑤0(1 − 𝜉ሻ −෍

𝑖=1

𝑁𝑇

𝑤𝑖𝜉
𝑖
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Constitutive relations

 Evolution laws

 Plasticity in austenite

 Plasticity in martensite

 Transformation induced plasticity (TRIP)

 Transformation

ሶ𝛾𝐴
𝛼
= ሶ𝛾𝐴

0
𝜏𝐴
𝛼

𝑔𝐴
𝛼

1
𝑚𝐴

sig n 𝜏𝐴
𝛼

, and 𝜏𝐴
𝛼
= 𝑴:𝑺𝑝

𝛼

ሶ𝑔𝐴
𝛼
= ෍

𝛽=1

24

ℎ𝐴
𝛼𝛽

ሶ𝛾𝐴
𝛽

ሶ𝛾𝑡𝑤
𝑡
=

ሶ𝛾𝑡𝑤
0

𝜏𝑡𝑤
𝑡

𝑔𝑡𝑤
𝑡

1
𝑚𝑡𝑤

, 𝜏𝑡𝑤
𝑡
> 0

0, 𝜏𝑡𝑤
𝑡
≤ 0

, and 𝜏𝑡𝑤
𝑡
= 𝑴:𝑺𝑡𝑤

𝑡

ሶ𝑔𝑡𝑤
𝑡
=෍

𝑠=1

11

ℎ𝑡𝑤
𝑡𝑠 ሶ𝛾𝑡𝑤

𝑠

ሶ𝛾𝑡𝑟𝑖𝑝
𝛼

= ቐ
𝛾𝑠𝑎𝑡
𝑏1

𝑒
−
𝜉𝑐
𝑏1 ሶ𝜉 sig n 𝑓𝑡𝑟𝑖𝑝

𝛼

0

when 𝑆𝐹𝑝𝑙𝑎𝑠𝑡𝑖𝑐
(𝛼ሻ

> 𝑆𝐹𝑐𝑟𝑖𝑡𝑖𝑐𝑎𝑙

otherwise

ℱ𝐴𝑀
𝑖
= 𝑓𝑡𝑟

𝑖
− 𝑓𝑐

𝑖
= 0

ℱ𝑀𝐴
𝑖
= 𝑓𝑡𝑟

𝑖
+ 𝑓𝑐

𝑖
= 0

ℱ𝐴𝑀
𝑖
= 0 and ሶℱ𝐴𝑀

𝑖
= 0 ⇒ ሶ𝜉 > 0

ℱ𝑀𝐴
𝑖
= 0 and ሶℱ𝑀𝐴

𝑖
= 0 ⇒ ሶ𝜉 < 0

 Transformation criteria

 Consistency conditions

Forward transformation

Reverse transformation

Forward transformation

Reverse transformation
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 Evolution laws

 Internal variables related with cyclic degradation

Ǘ𝜉𝑢𝑎
(𝑖ሻ

=
𝜉𝑢𝑎
𝑠𝑎𝑡

𝑏3
𝑒
−
𝜉𝑐
𝑏3 ሶ𝜉 𝑖 Ǘ𝜉𝑟𝑚

(𝑖ሻ
=
𝜉𝑟𝑚
𝑠𝑎𝑡

𝑏4
𝑒
−
𝜉𝑐
𝑏4 ሶ𝜉 𝑖

∥ ሶ𝑩𝑖𝑛𝑡
𝑖
∥ =

𝐵𝑠𝑎𝑡
𝑏2

𝑒
−
𝜉𝑐
𝑏2 ሶ𝜉𝑐 ሶ𝑓𝑐

𝑖
=

𝑓𝑐−𝑠𝑎𝑡
𝑖

− 𝑓𝑐−0
𝑖

𝑏5
𝑒
−
𝜉𝑐
𝑏5| ሶ𝜉| ሶ𝐺 =

𝐺𝑠𝑎𝑡 − 𝐺0

𝑏6
𝑒
−
𝜉𝑐
𝑏6| ሶ𝜉|

 Dislocation density and stored energy

𝜌𝑡𝑜𝑡 = (1 − 𝜉ሻ𝜌𝐴 + 𝜉 ⋅ 𝜉𝑡𝑤 ⋅ 𝜌𝑀,

ሶ𝜌𝑀
𝑡
= 𝑐3( σ𝑡=1

11 𝜌𝑀
𝑡
− 𝑐4𝜌𝑀

𝑡
ሻ(| ሶ𝛾𝑡𝑤

𝑡
|)

ሶ𝜌𝐴
𝛼
= 𝑐1( σ𝛼=1

24 𝜌𝐴
𝛼
− 𝑐2𝜌𝐴

𝛼
ሻ( Ǘ𝛾𝐴

𝛼
+ Ǘ𝛾𝑡𝑟𝑖𝑝

𝛼
)

𝐸𝑠𝑡 ≈ 𝜌𝑡𝑜𝑡𝐸𝑑𝑖𝑠 ≈
1

2
𝜌𝑡𝑜𝑡𝐺𝑠ℎ𝑒𝑎𝑟𝑏

2

Constitutive relations
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Numerical Implementation

 Subroutine Interface

mo_util = 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 

LCMAT = MOTS   'YG1' 'YG2' 'YG3' 'NU12' 'NU23' 'NU13'  'G12' 'G23’  'G13' 'V1X’   'V1Y' 'V1Z’  'V2X' 'V2Y’  'V2Z'

'FAI1' 'THTA’   'FAI2’  

'gtr’  'G’  'beta’  'miu’  'theta0’  't_ambient’   'fc'

'G0'   'G_'   'H0’   'dgam0’   'm'   'a'   'q'

'Gw' 'G_w' 'H0w' 'dxiw' 'mw' 'aw’  'qw'

'b_' 'b1' 'b2’   'gam_'

'h’ 'c_p’  'volume’  'area' 

'fc_' 'gx_' 'b5' 'b6' 'G1' 'G2' 'H1' 'H2' 'tw_a’'tw_b';

Demanded by System

Euler Angles

Deformation Slip

Transformation

Deformation twinning

TRIP

Thermomechanical Coupling

Cyclic deformation
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Numerical Implementation

 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   LTHETA  ET   LTMD  ET   LTLT   ET   LTH   ET   LGAMTOT ET  LGAMTWOT ET  LGAMTROT ET  LFC  ET  LGX;

ET LCTAUTW  ET  LCGW  ET  LXITW   ET   LXITWTOT   ET   LGAMTW   ET   LCTAUTRI  ET   LGAMTRIP   ET  LXIC

LXI =    MOTS 'XI01’   'XI02' 'XI03' 'XI04'      

'XI05' 'XI06’  'XI07' 'XI08'           

'XI09' 'XI10' 'XI11’  'XI12'

'XI13' 'XI14' 'XI15' 'XI16'

'XI17' 'XI18' 'XI19' 'XI20'

'XI21' 'XI22' 'XI23’  'XI24';
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Numerical Implementation

(1) 𝑭(𝑡ሻ,𝑭(𝜏), 𝑭𝑖𝑛𝑒𝑙(𝑡ሻ,

(2) 𝑻(𝑡ሻ, 𝝈(𝑡ሻ,

(3) 𝜉 𝑖 (𝑡ሻ, 𝜉𝑐 𝑡 ,𝛾𝐴
𝛼

𝑡 , 𝛾𝑡𝑤
𝑡
𝑡 , 𝛾𝑡𝑟𝑖𝑝

𝛼
(𝑡ሻ,

𝜏𝐴
𝛼

𝑡 , 𝜏𝑡𝑤
𝑡
(𝑡ሻ, 𝑔𝐴

𝛼
(𝑡ሻ, 𝑔𝑡𝑤

𝑡
(𝑡ሻ, 𝑩𝑖𝑛𝑡(𝑡ሻ,

(4)𝜃(𝑡ሻ

Given:
To Calculate:

(1) 𝜉 𝑖 𝜏 , 𝜉𝑐 𝜏 , 𝛾𝐴
𝛼

𝜏 , 𝛾𝑡𝑤
𝑡
𝜏 , 𝛾𝑡𝑟𝑖𝑝

𝛼
𝜏 ,

𝜏𝐴
𝛼

𝜏 , 𝜏𝑡𝑤
𝑡
𝜏 ,. 𝑔𝐴

𝛼
𝜏 ,. 𝑔𝑡𝑤

𝑡
𝜏 ,. 𝑩𝑖𝑛𝑡 𝜏 ,

(2) 𝜃(𝜏ሻ,

(3) 𝑭𝑖𝑛𝑒𝑙(𝜏ሻ,

(4) 𝑻 𝜏 , 𝝈(𝜏ሻ

UMAT

 Time-integration Procedure

𝑡: Prior Time

𝜏 = 𝑡+∆𝑡:  Current Time
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Numerical Implementation

 Time-integration Procedure

Step2: Calculate elastic modulus

Step1: Calculate 𝑬𝒆(𝜏)
tr𝑖𝑎𝑙

Step3: Calculate 𝑻(𝜏)tr𝑖𝑎𝑙 , 𝐌(𝜏)tr𝑖𝑎𝑙

Step4: Calculate trial resolved shear stress

Step5: Calculate trial driving force for each mechanism

Step6: Calculate ∆𝜸𝑨
(𝜶ሻ

(𝜏), ∆𝜸𝒕𝒘
(𝒕ሻ

(𝜏), Δ𝜉(𝑖ሻ(𝜏) and ∆𝜸𝒕𝒓𝒊𝒑
(𝜶ሻ

(𝜏)

Step7: Renew 𝝃(𝒊ሻ(𝜏), 𝝃(𝜏) and 𝝃𝒄(𝜏)



19

Numerical Implementation

 Time-integration Procedure

Step8: Calculate temperature change ∆𝜃(𝜏ሻ

Step9: Calculate and normalize 𝑭𝒊𝒏𝒆𝒍(𝜏)

Step12: Renew a group of internal variables

Step10: Update (𝜏ሻ

Step11: Compute 𝑭𝒆(𝜏), T(𝜏)and𝝈(𝜏)
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 Generalize the Model for Polycrystalline

Mechanical loading

x

y

z

( , , )

xc

yc

zc

Each element represents a single crystal

Crystal orientation defined by Euler angles

Global axis system 

Simulation on each element

Constitutive model

Representation of a polycrystalline 

• State variables

• Mean equations

  

, ,

, ,

• Helmholtz free energy density

, , ,

, ,

,

• Thermodynamic forces

• Evolution laws

and   , 

and  ,

when 

 and   

 and   

Forward transformation

Reverse transformation

)),

Simulation on each element

Output𝝈and𝜺 (Average over RVE)

Numerical Implementation
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Selected Results
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(c): Large Strain Amplitude

(d): TRIP

(e): Thermomechanical Coupling

 Activation of inelastic mechanisms
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[321] 

 Cyclic Responses of Single Crystal of Different Orientations 
Gall K, Maier H J. Acta Materialia, 2002
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 Cyclic Responses of Polycrystalline at Different Strain Amplitudes

Experiment (Wang et al., 2008)

Our Simulation (𝜸- fiber {111})

Selected Results
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 Evolution of Microstructural-related Variables

Ju X, Moumni Z, Zhang Y, et al. International Journal of Plasticity, 2022.
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𝜌𝑡𝑜𝑡 = (1 − 𝜉ሻ𝜌𝐴 + 𝜉 ⋅ 𝜉𝑡𝑤 ⋅ 𝜌𝑀,

𝐸𝑠𝑡 ≈ 𝜌𝑡𝑜𝑡𝐸𝑑𝑖𝑠 ≈
1

2
𝜌𝑡𝑜𝑡𝐺𝑠ℎ𝑒𝑎𝑟𝑏

2
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Conclusions

As-received Zone A

Zone M Active Zone

Zone A

Zone M Active Zone

 Developed a Multiscale and Thermomechanical Model for SMAs

 Implemented the model into CAST3M and Well Reproduced Cyclic Response of SMAs

 Introduced Variables Associated with Microstructural Changes for Fatigue Analysis



Thank you for your attention!
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Motivations

Zhang Y. Low cycle fatigue of shape memory alloys [phd thesis]. 2018

 Development of a Reliable Fatigue Criterion

For NiTi SMAs:

Fatigue DamageHysteresis Work

linked to

Dissipa ted Energy Stored Energy

?

Meso-scale/ Micro-scaleMacro-scale

Intrinsic Indicator for Fatigue Behavior ?

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

 Definition of Effective Anisotropic Elastic Moduli

ℂ = 1 − 𝜉 ℂ𝐴 + 𝜉ℂ𝑀

𝑻 = ℂ: 𝑬𝑒

𝝈 =
1

ሻ𝑑𝑒𝑡(𝑭𝑒
𝑭𝑒𝑻𝑭𝑒

𝑇
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Equations

 Thermomechanical Coupling

ሶ𝑈 = 𝑷: ሶ𝑭 − 𝛻 ⋅ 𝒒 𝜃 ሶ𝜂 = 𝑷: ሶ𝑭 − ሶ𝜓 − ሶ𝜃𝜂 − 𝛻 ⋅ 𝒒

𝜃 ሶ𝜂 =෍

𝑖=1

24

𝑓𝑡𝑟
𝑖 ሶ𝜉 𝑖 + (1 − 𝜉ሻ෍

𝛼=1

24

𝑓𝐴
𝛼

ሶ𝛾𝐴
𝛼
+ 𝜉෍

𝑡=1

11

𝑓𝑡𝑤
𝑡
ሶ𝛾𝑡𝑤
𝑡
+ (1 − 𝜉ሻ෍

𝛼=1

24

𝑓𝑡𝑟𝑖𝑝
𝛼

ሶ𝛾𝑡𝑟𝑖𝑝
𝛼

− 𝛻 ⋅ 𝒒

𝐶 ሶ𝜃 + 𝛻 ⋅ 𝒒 = ෍

𝑖=1

24

𝑓𝑡𝑟
𝑖 ሶ𝜉 𝑖 + (1 − 𝝃ሻ෍

𝛼=1

24

𝑓𝐴
𝛼

ሶ𝛾𝐴
𝛼
+ 𝜉෍

𝑡=1

11

𝑓𝑡𝑤
𝑡
ሶ𝛾𝑡𝑤
𝑡
+ (1 − 𝜉ሻ෍

𝛼=1

24

𝑓𝑡𝑟𝑖𝑝
𝛼

ሶ𝛾𝑡𝑟𝑖𝑝
𝛼

Mechanical dissipation

+ 𝜃𝜇෍

𝑖=1

24

ሶ𝜉 𝑖

Latent heat

The first law of thermodynamics

𝜓 = 𝑈 − 𝜃𝑞
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Simulation Part – Basic Model  

 Helmholtz free energy density

where,

𝜓 𝑬𝑒 , 𝜉
𝑖 , 𝜃 = 𝜓𝑒 + 𝜓𝜃 + 𝜓𝑖𝑛𝑡 + 𝜓𝑝 + 𝜓𝑡𝑟𝑎𝑛𝑠 + 𝜓𝑐𝑠𝑡

𝜓𝑒 =
1

2
𝑬𝑒: ℂ: 𝑬𝑒

𝜓𝜃 = 𝐶 𝜃 − 𝜃0 − 𝜃l n
𝜃

𝜃0
+ 𝜇 𝜃 − 𝜃0 𝜉

ሶ𝜓𝑖𝑛𝑡 = −𝑩𝑖𝑛𝑡: 𝑳𝑡𝑟 + 𝑳𝑡𝑟𝑖𝑝

ሶ𝜓𝑝 = 1 − 𝜉 ෍

𝛼=1

24

𝑔𝐴
𝛼

ሶ𝛾𝐴
𝛼

+ 𝜉෍

𝑡=1

11

𝑔𝑡𝑤
𝑡

ሶ𝛾𝑡𝑤
𝑡

𝜓𝑡𝑟𝑎𝑛𝑠 =
1

2
𝐺𝜉2 +

1

2
𝛽𝑔𝑡𝑟𝜉 1 − 𝜉

𝜓𝑐𝑠𝑡 = −𝑤0(1 − 𝜉ሻ −෍

𝑖=1

𝑁𝑇

𝑤𝑖𝜉
𝑖

 Thermodynamic Driving Forces

𝑻 −
𝜕𝜓

𝜕𝑬𝑒
: ሶ𝑬𝑒 − 𝜂 +

𝜕𝜓

𝜕𝜃
ሶ𝜃 +෍

𝑖=1

24

𝑔𝑡𝑟 𝑴+𝑩𝑖𝑛𝑡 : 𝑺𝑡𝑟
(𝑖ሻ
−

𝜕𝜓

𝜕𝜉 𝑖
ሶ𝜉 𝑖

+(1 − 𝜉ሻ෍

𝛼=1

24

𝑴:𝑺𝑝
𝛼 ሶ𝛾𝐴

𝛼
− 𝑔𝐴

𝛼
ሶ𝛾𝐴
𝛼

+ 𝜉෍

𝑡=1

11

𝑴:𝑺𝑡𝑤
𝑡 − 𝑔𝑡𝑤

𝑡
ሶ𝛾𝑡𝑤
𝑡

𝑷: ሶ𝑭 − ሶ𝜓 − 𝜂 ሶ𝜃 −
𝒒𝛻𝜃

𝜃
≥ 0

= 0 = 0

+(1 − 𝜉ሻ෍

𝛼=1

24

𝑴+𝑩𝑖𝑛𝑡 : 𝑺𝑝
𝛼

ሶ𝛾𝑡𝑟𝑖𝑝
𝛼

−
𝒒𝛻𝜃

𝜃
≥ 0

≥ 0

≥ 0

≥ 0≥ 0

≥ 0

Thermodynamic Driving Force For Phase Transformation

𝑓𝑡𝑟
𝑖
= 𝑔𝑡𝑟(𝑴+ 𝐵𝑖𝑛𝑡ሻ: 𝑺𝑡𝑟

𝑖 −
1

2
𝑬𝑒: Δℂ: 𝑬𝑒 − 𝜇(𝜃 − 𝜃0ሻ

−𝐺𝜉 −
1

2
𝛽𝑔𝑡𝑟(1 − 2𝜉ሻ + 𝑤0 − 𝑤𝑖

Clausius-Duhem Inequality
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Implementation

 Detailed procedure for step 6

(4) 𝑓 ቁΔ𝛾𝐴
𝛼
(𝜏 ≐ Δ𝛾𝐴

𝛼
(𝜏ሻ − [(1 − 𝜃1ሻ ሶ𝛾𝐴

𝛼
(𝑡ሻ + 𝜃1 ሶ𝛾𝐴

𝛼
(𝜏ሻ]Δ𝑡

(5) solve 𝑓 ቁΔ𝛾𝐴
𝛼
(𝜏 ≐ 0 by Newton-Raphson method

Explicit method

Implicit method
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Implementation

 Detailed procedure for step 6
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Implementation

 Boundary Conditions
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Implementation

 Pasapas

Displacement Control Loading

Force-control Unloading



Random orientation

• ABC- Global coordinate system

• XYZ- Local coordinate system

 Use Euler angles to represent the transformation matrix

• Rotate sequence: Z-X-Zwiththeangleof(𝝋𝟏,𝝓, 𝝋𝟐)

• Transport of the transformation matrix

• Rangeoftheangles

𝝋𝟏∈ 𝟎, 𝟐𝝅 , 𝝓 ∈ 𝟎,𝝅 , 𝝋𝟐 ∈ [𝟎, 𝟐𝝅]

Euler Angles



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

Output the random value list for the Euler angles

Spread the values of Euler angles on each element

• Code in dgibi file

𝝋𝟏 ∈ 𝟎, 𝟐𝝅 , 𝝓 ∈ 𝟎,𝝅 , 𝝋𝟐 ∈ [𝟎, 𝟐𝝅]

• Range of the angles

Random Orientation



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

• Code in Matlab

1. Define the symmetry of crystal and specimen

2. Input the Euler angles in the form of txt file.

3. Read the txt file as orientations

4. Set the direction for the pole figure

5. Plot the pole figure in the crystallographic orientations 

Use MTEX Toolbox

Random Orientation



=> [111], [1-10], [11-2]

=> 𝝋𝟏=0,𝝓=55°,𝝋𝟐 = 45°

consider wobble angle for polycrystal

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

Output the random value list for the Euler angles

Spread the values of Euler angles on each 

element

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

 Code in dgibi file

𝝋𝟏 ∈ 𝟎, 𝟑𝟔𝟎° , 𝝓 = 𝟓𝟓° ± 𝟓°, 𝝋𝟐=𝟒𝟓°

Texture
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Results

Ju X, Moumni Z, Zhang Y, et al. International Journal of Plasticity, 2022.
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 Deformation slip in austenite at high temperature
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Results

 Deformation twinning in martensite at large strain

Ju X, Moumni Z, Zhang Y, et al. International Journal of Plasticity, 2022.
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Results

 Thermomechanical coupling

Ju X, Moumni Z, Zhang Y, et al. International Journal of Plasticity, 2022.
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Results

 Polycrystalline

(a)

(b)

(c)

[111] // RD [111] // ND

Random Orientation

(100) (111) (110)

(111) (110)(100)


