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Microstructure based micromechanical modeling of microstructural scale deformation
in stainless steel 316L using crystal plasticity FEM
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ARTICLE INFORMATION ABSTRACT

Grains in polycrystalline texture have anisotropic deformation nature. This cause material to
show completely different behavior at meso and micro scale than they do at macro scale. To be
specific, deformation at these scales is heterogeneous and cannot be modeled using constitutive
equation in continuum plasticity. In this paper, in order to investigate deformation behavior of
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316L stainless steel at micro scale a crystal plasticity finite element (CPFE) modeling system has
been developed. The crystal plasticity equations were implemented in the ABAQUS/Implicit FE
code through a user-defined material subroutine, UMAT. Verification was done through
comparing the CPFE result against those obtained through implementing crystal plasticity
formulation in MATLAB software. Comparison show good agreement between the analytical and
CFFE result. Afterward, three dimensional simulation of tensile test on Stainless Steel type 316L is
carried out using CPFE method and continuum macro mechanic FE. Deformation characteristic
and localization behavior of single grain specimen during tensile test has been captured and
predicted using CPFE method; on the other hand, macro mechanic finite element is unable of
predicting localization and evolution of lattice at micro and meso scale. At the last part, a set of
CPFE analysis are conducted on representative volume elements with 10 Grain and 5 set of
different grain orientations. Results show a scattering in plastic part of stress-strain response of
material with switching from one set of grain orientation to another set. It has been found that the
material behavior at these scales is highly direction dependent.

Keywords:

Crystal plasticity FE modeling, UMAT
micro-mechanics modeling

Voronoi tessellation

representative volume element(RVE)

ol 9925 098 o0 Ladils o (5 5L el 3929 4 el Jbws S L doudio -1
5 55 oobie 53 Jlen Sl lye ilise oSeal Lo, olde  dlse o loals Saidly 5 SLia¥] (63,5 lenanl arib o ey L

Please cite this article using: “lod o3liw! Jod @yl 5l dlis cpl @ gl sl

B. Bandeshah, A. Jaamialahmadi, Microstructure based micromechanical modeling of microstructural scale deformation in stainless steel 316L using crystal plasticity 'FEM,
Modares Mechanical Engineering, Vol. 15, No. 2, pp. 113-123, 2015 (In Persian)



GaeaVlels glos ylase 9 &by ol

gl 39 L316 555345 3Vgd Hlialwg ySao (lidio ) JSub puds JUS) (S5 09 )0 (5 )l 3o

9o Vg (SlSe )i ()] 4 cilizes (318 (slano s (arass b ol e
[4,3] 5505 aslllas |, 5

5 e GRegh @ Ol ey oal )0 ead plxl Sl
Jews S Gogy & Jyone ool SlSe 3, (s, » [O] ol
Gomgs JLSlag S Jue 095 aalllae ;3 Ll oged o)la] aidly
il g eSS baasls den o3lail conls ol i 0 Woged dudgi |y (gloslu
s Sl 4ol o, e adlllas (pl ol 48,5 )L 0 039,800 50 L
ool ol o a4y alie lslug Koo Jow 5l Ll 55300 wogmns
Sl gamgd JLSlag See Joo sl eslinul Jo (rrizren el 03,50
280 Sledbl wilgy goi ¢ LSy ails olusl (38,5 L js 5 saman Juw
Sl laails (2 w5 0920 9 LSl e Gulede ;5 JSU0 i Sundg
V-

5 nele, e 4 le oo aeny ol 5o ouls plodl Clalllas Koo 5
5 eolitul b oy allie yo oyl .o,5 ojlil 2012 Jlu ,o [6] o Ko
ORI ONERPSERISUR JPTEINI I = VP Veee
0355 s 5 oosSUT l5dle s 55 M g oole Joa e b 5 000, o5 |,
o e aSUl l38le 5 4 SEM il oael Cawss 4y i lag S pwiin Jue
G5 (nl 30,8 leand 1) 3lBg0 DY e SL (5581l 5 2,5m S
ooy (lolid Cobl aipiidly Jbins S (6595 5l oliital poe oy
> aBled Blo 1y el Gt e 5 Jls 5 854 ) el
G et B8 b s 5 021 51 (5lme (55L01 2005 JLo o [7] adlllas
48 & wls pa Gudiss cpl j0 .0 (g5le At il slajls 4o lao S yw
55 isgy Sl JISE! 6l baails 5 35 00w (glo,5 10 20
Vh g S (53 FoilSios S slasllins [8] 1 2013 Lo
ORyS Oad gmoge (Ko s L8, cuslie Bas L DP590 (gjlsgs
oM gmdge 0ad ol Gadmd j5 ol plonl Sl (6 bl g Sl
P B g Caple S 5B o L la St i B 4 S
izl Joe 5, » Dslie (Sailely lagSl Grimen 0l SIS w8
o5 Sbely ol a5 2l g5 BT LS o) S50 Sgaxe
2012 Jlo ,o [9] LI5S s oole jo (it coundy b (Sl bls )
Lol 55 sl la s 5 b JlmsS by JS55085 355 6250 Al o
S yd SISl eiaren (59 318 (o550 JlSlug See Wliie 5 1)
2012 Lo 1o [10] congocSian bs Ly o, anlllas |, gl 1o bajls
Ti-6AI-4V LT jo 6 Loy, Sew a0 S5 ad, skl s5leJoe
Joo ™ g3 g ool wiy s8I 5l oslil b LT wiols 1,8 axllias 590
e GRS bl il cod ) Al 5 wiagad aldgi 1) LSl See (gange
OS5 B 50 g aertdly Jlay S (6555 ) esliul pas wisges Jo
G5l Jol> @l Casgame ge JliSlug oo sln gom 95 Jue
A aalys o ol

slaop)lS G )ls Wyls a5 (p95 (ol 4 Azl Sjal slasYed
mu’_';_,._;_';.,ﬂ So300 o8 sl IS 4y ax gl b aiil e Cais (o (s0bj
g aally oo wiile SosS ol b SYgame ,o 316L oy 5

10- Scanning electron microscope
11- Voce

12- Element

13- Paul

14- Alumina

15- Voronoi

16- Austenite stainless steel
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Meso(10-5m)

Heterogeneous
Phenomenological plasticity
Crystal plasticity

Multi-scale material modeling
Superplasticity

fragility

Twining

Representative volume element
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12- Self-hardening
13- Latent hardening
14- Taylor cumulative shear strain
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Stent
- Crystal plasticity finite element method(CPFEM)
Necking

Macro-mechanic(continuum) finite element
Representative volume element
- Resolved shear stress

Taylor

Hill

Rice
10- Asaro
11- Visco-plasticity
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2- X-ray microtomography
3- Voronoi tessellation
4- Seed point
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5- Tessellation
6- Euler angles
7- Miller indices
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1- Open source

2- Neper

3- z-mesh

4- Graphical user interface
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