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Flexible Boundary Condition for Moving Dislocation

Kazuhito OHSAWA and Eiichi KURAMOTO

The displacement field around the dislocation is a long range field which falls away inversely with dis-
tance from the dislocation line, so that, with rigid boundary condition, the imaginary force from the bound-
ary affects the result in the simulation for dislocation.  Flexible boundary condition for static dislocation
has developed to avoid such boundary effect. =~ With the flexible boundary condition, the displacements of
atoms in the boundary region change according to the state of whole system.  Various modified versions of
the boundary conditions have been applied to the calculations of the core structures of the dislocations and
the Peierls stresses.  Now, new flexible boundary condition is obtained for the moving straight dislocation,
which is introduced by Lagrangian princlple. As an example, the glide motion of the screw dislocation are
simulated on a two dimensional lattice with the flexible and the rigid boundary conditons. The effects of
model size, boundary conditions, and potential will be discussed. The results of the system with low
Peierls stress with the flexible boundary condition are independent of the model size used in the simulations,
and in agreement with the large rigid boundary model.

Engineering Sciences Reports, Kyushu Universit
(KYUSHU DAIGAKU SOGORIKOGAKU KENKYUKA HOKOKU
Vol. 18, No. 4 pp. 317 - 322 MAR. 1997

1. & A

BFREOETHLYDOEFEBLHS Z LIZZFDKRE
OBEZIEEL, SHITHBOBEEZMETOICLE
BEThbH. 5H, STM Z Y EBEFORBY RET
ZEBRFRIBEESATV LY, —RICEFOMLE
THEHBEBBTAZLETELRY,. 22T, BEFHET
YUV ELTHEYE LD EOEET LI LKA
WAThbb &)l hoz. BRI EERLEKESD
BFRIBICDWTIEIRIE? 5158 OB FEE I
BOLDLELTHLIERREL, KMaEEDETF
WL TORBEFERT > 2 ¥ MithEo B % 175
FES—RIITbR TV A, BIZOoWTIRD LEH
TEFDEFOEMITHEREREERO D DEIRE L,
EMIGE WO BEFIC oW T EFERF > v L
WS B EIT) EV I FERSH S, ZOHERD
BRICEE L7 R4 rigid boundary (EIEER)
LRI TS, Lal, BoTb) OEMEIE
r THETAREMSTHL. T, MBERMNKE
RTRBTFONERERLIEREEEIERIA TR
ZOOEEEREHRTIEOR ) FTIRIERSEAL
TG RIETE V. I, EEBERD> GEAICE
AT HEENIENFHE LTSI P bR
TVh, EEERTORELY A XTEHETIUTER
FTCTEL L DHOEENINS DD, FRTLE
*ELAVF - ERFER

BROBNIDOLORALH L. 22T, ERMPLDE
BE2L T 501 TRINIFERED flexible
boundary (MJZEHER) THDH. ZOHETREMDF
b ) OB EEEROBCEELT, WIS LT
EREF L —FEORROb LIZEIC LI IZLb DT
HbH, FIZ3DODMENDH o> TENEFN Flex-S?,

Flex- 12, Flex-I¥ LMENTWA.

BFR@OTE TH RIS FENENEELTD
n, EBET AN & ARBOMEER L Vo 258
ENBEDIRDBIEDPTFRINSG, LIAHH, EE
FTREMIEIBELZDOL) VBWEELIERIOZ
T5ENEH D, Z2ThbILbNILEET 28&MICx
L T% flexible boundary AL TFD L ) L HE
EOu{TELRWHALEZ. FD7-8, Sinclair ¥F
HRELALZBOMEICHN T % flexible 2 EHREH
Flex-S # RE S, BWAMEIISATL LI ICL
72, Flex-S TIXERALITE O IR & SR EH OREM:
AV F— % [RFCEB/NCT S 2 & T flexible 25574
HAEEA LD, bhbiid Lagrangian % &/MIT
52 L TEI IR T 5 flexible R St % &
AT 5.

BB AEMEOF L LT 2 RTHEF EDORIEEMD
EBEIZ Y Ial—-TarTh FhEdEIEREAS
REEIHE) EFVYA X, BEFERF Iy L0E
BIZOWTHRT S,



BB (LT A flexible boundary condition

—318—
( — )
region |
dislocation
L . \ )J
region 111 region |1
Fig. 1  Concentric arrangment of regions for the flexible

boundary model.
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Fig. 2  Screw dislocation on a two dimensional rectangular

lattice.
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Fig 3 Inter-atom-row potentials used in the simulations.
% Gy Gy Gn, 12720 ar=a, £35. T2, BEFF|
HAT > Y % VIZBEHET 5 4 DORTFIORIZDOALE
HL, 2DONORESEHEYEI220DRFHND 2 55
ROENEMIDOMEET L 6D ET 5. FHHEICHY
72 RF 2T v )Vid Fig. 3 TRT. BRI

vE= 1 2 A 4 A
- (cm T2 L cos— 4 — -—) Ga?-
4721+ 2) a, 4 a, 4 (12)

Thb. Vi K12 TA=1, V, i 1=0 Th 5.
EH 5 b BEEARER TSR G ICRBIL
Thb. NS 0z BT DD DIZTHERT 5 —
BIGTICTHA. Fig. 2 D &) ST D D & Tidks
Ll y BMIOIEOME IZEET 5. EALDI-OENM
¥ branch (& y OB D@ I T L 5. HREHHENE
W& B LRI OB IE



—320— EHT HEMIZT B flexible boundary condition
a i — Y
—ztan_l*‘%— - ﬁ, x>0 Table 1. Peierls stress in the case of the potential V; and
0(0.7)= 2m Zi 4 (13) Vs, external stress imposed on the dislocation in
uk(0,Y)= -y the glid motion, and core structure in no external
Iz pan ¥ — 2 +&, z;<0 stress.
21 Z; 4
potential  Peierls stress external stress core structure
D . - =
Thb. SITREMLY X=0. (z, yi) 1 ETF in glide motion at 0
i D2RTEFELEOEETH D, EROHE u:;j 133 A 7.15X107* G 7.25X107* G asymmetry
HFTEBLDET D, Vs 1.5955X1072 G 1.5965X1072 G symmetry

G T2
Tokm (g +yp?

=2 —2x;(x? —3yP)
o (aityd)?

(14)

‘a, 24xyi(xf — yP)
o (gt tyd?

3 —
Uiz=

AEE L) BROEIZ y BN L THEBEED b D
B, ¥/, BEOEMIZA,—) Y 7ICEY ¢
=a,/0/G Thhb. ZITp3BETHA.
BEEEAMOEE Y I 2L — Y a ¥ 217 FIEIZKRD
E512F5. 9, BW% flexible REREHOD &
THEIST 0 DIRBTORELREMOME &8N
HETRET S (Fig. 4). RICEEAAIET HATIEE)

ZRIET BRI (Peierls [57) ZFHHT 5.

Z il i3 flexible ZEREHED b & THEIG I % 5X

atom A

SR A R
» -»> @ — > >
2F v v v * ) .
» -» —» -»> >
_3 - 1 1 1 1 1
3 -2 A 0 1 2 3
potential V1
(a)

Fig 4

105G FATREICAKELLTWLZETHREL
(Table 1). EFEIIFER I DA E &A% 30X30, 40x40,
60X 60 D 38 Y 1T o 724 Peierls IGTDEIT R E &I
BIEEALIKE L ehodz. 72720, U512 rigid 235
REMZBLHETRERT OFA X2 F YIS
(T 5L Pelerls IBAPEL R D, ZDL) EHD
12 Peierls 6 /1% bFHIZ 1X107°G B 2 724V
HDb L TCORERMOEHY > I 2L —Ta L.
Peierls [IG /1 # 82 215 M2 D 7-0Z % t=0 L
T4, WBO-OICEREHD flexible & rigid D2
W) TEHE % 1T o 72, flexible ZER TR (11) I
WeoTEH X, S ¥EEMZLT 5. FOMEEI
Peierls IS &R 2V E Y Y OIERIETI % 1T T
Wik EOEEEOT EME). —F rigid ZERATI
BREE-TH Xi, S DEIIWEED T F THERFS

atom B
3 \
. « - « *
2F ¢ v v a 7Y .
. - — .
1F ¢ v t t *
L NOR = - L
or+ | Tt
> - - >
1 ) 3 + + +
» - — > »
2R v v a 'y »
> -» - > »>
-3 I ] 1 L 1

-3 -2 -1 0 1 2 3

potential V2
(b)

Static core structures expressed by Vitek's representation. (a) and (b) are corresponding

to the potential V; and Vi, respectively. The atoms A, and B are the typical set of atoms

whose behaviors are shown in Fig. 6.
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The glide motions of the screw dislocations with the flexible and the rigid boundary

conditions, which are expressed by Vitek's representation. Differences larger than 0.015
a, are exhibited. (a) potential V;. (b) potential V3.
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Fig. 6 The behaviors of the atoms in various model size and boundary conditions. (a) atom A in

Fig. 4(a) for potential Vi. (b) atom B in Fig. 4 (b) for potential V;
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