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Issues:

how) 1o model  striengthening) efifiects, yieldfphenomena, obstacle
absorption), defect; motion, eic.?.
modelsiablertorgiverguantitativesinformariony.
modelsiablestordescribercandidatesmarenialsy,
yzpjgelie goiyielapy eggielifions?
dislocarion dznsiry?

© graries o dynamics?

+ arz r2sulis for dislucarion snasz and epitical 1233 comsaralz
Wit zlasriciry tnzoey?

¢ i3 nign sirain rarz unaveidanlz? - is ir rzalisrtic?

« noy goud is simularion oaszd on zlasricity tnzory?

« wnar snasz snould vz razn from 2AD o 2ipzrimzor for DD?

¢ incorsorarion of atomic-scalz informarion From srarics and/or
dynamics into modzls vaszd un zlasricity tnzory?

« ofnze arzas:  solurzs, eracks




Lrradiafion microsiructure - effect on mechanical properties

dislocations; under; stressimoyve: fihrough field of irradiation=induced obsiacles
disiocationtloops) SEliS, poini: defecis clusiers) voids, precipilaies, eic.
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- Victoria et al. (2000)

Decomhon & rafts: Mo [n]
- Singh & Evans (1997)
- Yamakawa & Shimomura (1998)

Tssuz: 19y Ty modal SYICHYIHEMIY 3ff3 TS, Jizld unznomzng,
dzfzer ausorurivn, defzer morion, zre.?



* Multiscale modelling approach is necessary
= conlinuum scale forisirength, Siress=sirain characieristics,
obstacle statistics effects, elc,

= atomic scalerfor disiocalion=obsiacle interaciion mecnanisms,

Strengiivparamesers, eicanoiropvioussarprior))
— fleiflu= —, glleru=- —, fzSU=glzarieles




= continuum scale forisirength, stress-sfrain characierisics,
obstacle statistics effects, elc.
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- atomic scale for' dislocation-obstacle inferaction mechanisms,
sirengtnl parameters, efc. (nol: obvious a priori)
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Atomic-scale

s Requiremenis
long-distance mofion; of dislocation
exiracilion| ofi siress/sirainyand  sfressy/sirain-raie characierisiics
iy = 0K and iy > OK

@ OMICESI UG UCROT A0S AC:

aglel elislocerriof wfrze Jirzrasrior)

F3suzi anudzls anlz 9 givz quanrirariyz
infurmarion?

............

- ~1-100 aroms
- simolz, shorr-rangz vourznrials

Tssuz: modzls anlz 1o dzsepinz caneidarz2 marzpeials?



Model - edge dislocation:

N-1 planes BEEEEE s L, mrrr B

o
translation vector of two half crystals
= translation vector of MD cell MD cell
(periodic boundaries along line
and glide direction)




Fex’r / (LbL) cygen = Finf / (LbL)

appl

Issue: dislocation density?

2. L= 140
rl = 8¢
L = 120

oy = /(0]
o L/CLG2)

Tssuz: srarics o d/namics?
- T=0¥ (starics) simulations = apply shear strain

e

< TLOZ (dynamics) simulaTions = apply shear stress or strain rate



Issue: periodic boundary: conditions?

- | =———5
Dislocation Dislocation
fields overlap fields overlap

“fruz’ rzgion
= good marcn 1o infinitz-
nody siress Fizld



Static simulation (T = 0K)
Ex. edge dislocation = row of voids in a-Fe at; T

2nm (339v) void in Fe
L=42nm, T=0K. C1 xtal
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Issue: are results for dislocation shape and critical stress
comparable with' elasticity theory?

Cinedension

T = 602/2 - agugadimarios

o (line tension) should net to be
equated to ¢ (atomic medelling)




Issue: what: shape should be taken from MD, or expeniment: for DD?

t = T/0R in linz rz2nsion, our wnar
is T? (In(2/ry) and ry unisnown)

Anglz?



Issue: how good is simulation based! on elasticity theony?

= Bacon), Scattergood, Kocks(d978=)
=“fhereffect; ofi selfEintenactionton thercritical 'siressiwA((5Dyb)




* data fifs
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Lssue: incorporation of: atomic-scale mecnanisms info models
based on elasficity: theory?.
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Ex: 2 = Dislocation=induced! transfiormation of; CGu| precipitatesiin e

critical shape:
Cu precipitates
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Dynamics simulation (T > 0K)

= dislocation)dynamics atitheratomic scale
=“motionrundericonstanirappliedistrainsrate (1 05=108s5:)

2.9

51 = Felgist L o= 4205 o = L5l 08,2
v = 12m3! r = 2 s

TF AT = 253, 1), = 1.9, compurarional suzzd = 10-35/arom/Ar:
timz = 179 days

Fssuz: is nign srrdin rarz unayeidaslz? - is ir rzalisric?



Ex 1. 2nm voids in Ee - sirain rate bx10°s:?
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Ex: 2. Lnteraction) ofi dislocation withi now: ofi glissiletintenstitial loops
= constant; applied/ stness

Cu:

edgeidislacation 1000 A undecorated
] A +37SIAs

slip plane
100 A

A breakaway

)
—
=
>
=
o
o
o
>
£
hel
e
@
8]
o
2
©

-
o
sl

L |

10 ' 160
edge+loop drag glide_1

Fe 100MPa, 300K

stress, MPa

 eee o . r r . 1‘4. Fe: Cu:
© drag cozificiznt 1 = (B,+8,,)7 12 breakaway  —4— undecorated
N . . o ok [7) ] —o— —A— +37SlAs
- drag duz 19 movzanlz ainning seinrs & 10l
spacing L, movility m: = 08
o 1 A
. » ‘o 0.6
) 1 wunzrz L &
-'ﬁ;w. e m _ g8 04+ o
P= = ,. o - ﬁ*—o——g/.H
. mb KT S o2 fSeee '
and tor lgoss: 1 :
.= .2 004+ breakaway
D_T-97, 0 50 100 150 200
- 2 = stress, MPa




Lssue: incorporation of: atomic-scale mechanisms from dynamics
into models: based on elasticity: theory?

Genenall Issues incorponation| ofi information, fitom, atomic-scale
simulations; into) models: based' onielasticity: Theony?

- gn3faelz fopezs
- dislucarion dynamies

- vu3raclz dynamics

Oinzr arzas:
- 2ffzcis of solures
- dislocarions nzar cracks
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