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Effect of plastic gradient from GND

on the simulation of polycrystalline solids
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Aol mlolmg AAY Ao AA ] geometrically necessary dislocation (GND) &3}ol] 2]3h
Tl (plastic gradient)& iElshs A AR 24 AssS wAsted 93S mRTh 2 Aol E
A& (long range)oll Al A9 (dislocation)®] F3F& A#fst= GNDO a3E A&ste] &4 e 4
W= A (polyerystal) LA 9] AEE %@Ri"ﬂ*—ii o]-g-3sto] A B YT A= AFS EA s
3 ©H4d(elastic)?} 424 (plastic) M Pl ¥ Azl W E(long range strain)S 118]¢ dHterm)o] 2 HE
& vl (deformation gradient)®] multiplicative decomposmon 2dS ARt W A Wy

e 1gshy] Yol Ful A3 Al (gradient hardness coefficient)¢t | A& W

T (parameter)7t AR&EH AT Z4HZFe] AleEe] vEA Ao AEo] HA = FF

7o Agel wE tAA 1A AsE EAsA AR A5 GND &

A, ek e 7§—°r9]r H]J_’L?S‘}Oi A EH= 7 Shhardening) 2] 2ol & WAgho 24 GNDel| 9
F oA 1A A s @
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1. M 8
A9l (dislocation) A& tHAA A5 91 2 wigo] MAskEH Fagk Aok weka] Ao A A
TS B AAS olssly] AsidE 2ol dislocatione] AEol thEt AL olsirt Hesit) 7]E]
AA 24 RAEL AAO ATE O]oﬂo}w—tﬂ HwE A A7S wgAT oo JUd A4S A
© A 2de O DA dade] AEolgth olek #ds|A, B2 dislocationo] FAH ZAA 4A
u

Hstr] SlE WAskE EE wEely] fleke] A4 Thll(plasticity gradient)E o] &3
FRE L gt} oo} HHE o] VP de] delxl 29 Hall-Petch ¥7 (Hall, 1951; Petch,
1953)Y Aolt}, Hall-Petch #AS Tl 24 =717} 7438l wel A4 el ZAHo| dislocation? slipS
AAste] A7 AErl FUhethe Aol BEFHJL ol WEOZE geometrically necessary dislocation
(GND)3} gradient plasticity”} ASFE Y (Ashby, 1970). #ol= Hartley (2003)7F Alotsidd
deformation gradient®] multiplicative decomposition®l Al 7]1&¢] A4 24 R eBA¥ A4 HEPo *=

* SISl o« AA S AL S AH A <8 F sk vkAl Ik A sychung @yonsei.ac kr
wx A3 Q] e AAU St AL B AHA| 2B F - 2 alg tshan@yonsel.ac.kr
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7k o2 GNDE 1#ste] Al 7He] kinematic motion®.2 A9 d A7} GerkenZ} Dawson (2007, 2008)ell
ofste] A

oAM= Gerken?t Dawson (2008)o] 2J3] Alotd mdlS F83te] GND &35 13k a4
(polycrystal) LAl A5& FEASIAT 7]E9] AFollA= GND &35 efsh 44 (single crystal) 22
S AREst] A4 e FEE AbelIAIYE 2 ATl e tAd BES AbgeEte] GND E3E A8st
Ae weot 187 F2 FY AR A Aol BATOZA ttAA 1A Aol A4 el FTS

Ao 1.9kt
2. CIEY DM =2] Retes AlEYolM

9244 vATZe A%S AAE7] Yl Gerken® Dawson (2008)0] A¢ket mdl& A3} t) Gerken
3} Dawsone 7]Z°| Hartley (2003)7F #|¢tet RS vlgto g 19 13 Zo| deformation gradientE ¥3t
3l multiplicative decompositions A A3t 13 194 F{j = AR slipH 229 dislocation motion®l] w}
& 974 (permanent) WE= Wehl= £ oF AA| bodye] AAHattice)oll A EASH= dislocationell 2%
A AR Wgs dehle F 2 7AE 24 vES oudt B v 488 s left stretch ©
A V9 rotation R; & /3] Atk Deformation gradient®] multiplicative decomposition ther3t 0]
xagh

Fy = Fi Fy = VaRyFy, Fh; (1)

AR ALY distortionol] &J3ke] A
[e)

o

! | Az WP Eo] HAsY, & A} W E(total lattice strain)<
2] (2)9} o] EAE T} Kirchhoff 7 Azt ¥

e BAE 4 )3 2ol vhehdich,

i = Riknkle,y'T+ &ij 2)
7i; = Cijuen 3

&' (2)elA nyi= small long range strain ®14E WERAL &= small elastic strain ¥14S YeERIT 2
elA Gy 47 B2 ’lA ot

H AT MEES ALet7] 918k Burgers WMEHE AMEstl o, MY E Zo] AFA aE A8, net
Burgers WME 9 EX7} (xy)=(+a+a)l® EAF= AHZE FoAde AgadAola, o] 17k 2o A net

Burgers WH+= 022 7F43F3th 24 slipe] Tol9} net Burgers WE 9o #A 23 7t}

0
= —1s, 4)

A7IN v s BFoRe slipS vreRdT

2010 BRHATET S F[StarhE| 543



5
@@}@Z@V

a2 1 e Fofi(deformation gradient)@l multiplicative decomposition (Gerkenzt Dawson, 2008)
(X = reference, X, X, X+= intermediate, *= current configurations 2| 0| §tct)

AR Ao AL Gerken¥t Dawson (2008)o 4 AFg-3F mdlS o]83}9th Total dislocation density+
F A slipel gholl Bld|sl statistically stored dislocations (SSD)¢} slip gradientel] H|#3t= GNDE =
5 ¥3+alt} Slip system hardness:= U3 #Zo] T HH

ga:G1(’Y)+G2( 87) )

2] (5)9lA dislocations®] 7} @& HEHAoR zgdth G, (y)E SSDel 93 hardnessE HERHH
G, (07/0z;) = net Burgers WE o] 2laA = Gg(av/axi)Zﬂu\/pTi el 4 ok o714 g

gradient hardness coefficient®] 2 ;= shear moduluse]th.
3. GND £xt0f ZE AlFgo[A Ha Eo

B AFeM e vEA 1A 24 AsS A7) fs8, 28 23l e vhAA vl 7P s
71 99.99% =ro] 47 AR Wg5E ARt (Dumoulin®t Tabourot,
ol o7k 100pum ¢l cube *F‘lo}»«ﬁtq 7= A Aol velocityE 48
1 0.05%7HA] 17 W Eo] A= a3t & AT ex= GNDE 3’—3'4
sh7] 9%k AE W A A WEE Zo] a(W AR WEE Zo]) 9‘r B(gradient hardness coefficient)®] %
< GerkenJJr Dawson (2008)¢] A&t 7P¢ AlH# A5 B #AAE st a=1.0E-4m, 6:1.0E74
Vi 2 Agaigieh A8 Qo] mad v Ag] WP EY gradient hardness coefficientts A2 /Ao
2+g-5hm Zbz) macro—scaleﬂ kinematic type hardening®} isotropic type hardening®] 43S =t} 19 2

atol 19 2(F)olA dEte

ol:o mqm O

()2 Aurd ob2A vATx 7H A8 Y macroscopic $H-HEE A A GNDE ngshA] && 7
S-9F HlaLste] aft g WaE BT SRS W &4 3] 718717 STk s #EE ¢k
HE Eo] 0.05%% AF &S vuwshd g7} alt} hardeningol O 2 93 nx&= AL eld 5 9ok
w3 3 Hus B3 ¥ as g7t ZHJJ-«] Asol MEA R JFs vA= AS &+ Utk oels 4
W= A Mgl Aol dtE FORA, o5 i GNDE 1n#e A 1A Aol @¢AA
I ol A Fule] FFS W S Q?_%L T Ut AEAHe= GND% 4%@ a4 FHE gl
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---a=1.0E-4, p=1.0E-4
—a=0, =0

“ a=1.0E-4, f=0
— = a=0, j=1.0E-4
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4. 4 E

Ao = W AolA dislocation®] F&S 1L d= GND 3= H84351e] A4 Fuje] e de
UAA 1A 7 AlEe] A ARt 7S JHIE gAY AFE vNteE A A7 As
S Ay Ao Fate] a(H Ag WEE Zo))9} B(gradient hardness coefficient) S AH&-814 GND &3}
= YehgE 2tz Wt g7 24 Asol nxE IS 2AEIT o Ay 74zt Wgrt B =Y
oz Age] A 7ol hardeningdll J&FS Fi= AS I A8H oz gAA AR A 4
S B3l G AT Aot vV R thAA A5 AsoAE GNDO| &g 24 FulE aelshs 2o
ANl 24 AsES A3 dS5st=d JoAA F d3do] = AS I8

LAtel 2
‘o] wEE 20BY ARGLEAI|ER)S Adon BIATAR] ALe wol AW AT
(331-2008-1-D00006).”
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