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Abstract

Deformation behaviors of polycrystalline metals are quite complex, and we are not easy to directly investigate them; thus,
analyses employing simple models such as bicrystals are required. In this study, we conducted crystal plasticity analysis of
unidirectional tensile tests, using compatible-symmetric-type bicrystal models with the not-inclined grain boundary and
incompatible-type bicrystal model with the inclined grain boundary; we investigated changes in patterns of geometrically
necessary dislocation (GND) bans and the density of GNDs in the initial deformation. In the condition where the grain
boundary contacted with the constrained faces, GND bans were formed and the distribution was changed with changing the
inclination angle a of the grain boundary. In contrast, GNDs were not localized in high density in the condition where the
grain boundary contacted with the free surfaces; the changes were caused by two-reasons: one was changes of compatibility
of the bicrystal model with changing the inclination angle a, and the other was that deformation shapes of the bicrystal model
under tensile loading were changed with changing the inclination angle a and the deformation was constrained by the
constrained faces. The compatibility of and average density of GNDs in the bicrystal model could be estimated using
differences of components of Schmid tensors between the crystal grains.

Key words :  Crystal plasticity analysis, Bicrystal model, Geometrically necessary dislocations, Grain boundary
inclination, Non-uniform deformation, Schmid tensor
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C 2 /1P ER A BT D ER H D, Z O PRI B ER Z BT 5 7-0121%, ETI1EBIEZ Ak L T
BT MR H S, ZOERNRRLD—2 L LT, &b B SiERIATH 2B G Z AW IZEn H 2 (56
-, 2011). MUikah A& FWTERFZE T, A N S =ik 2 21 S, KRR ORE~D%5-(J7 5, 1991, Hirth,
1972, Hook and Hirth, 1967a, 1967b), ¥ 7D I A1(Hook and Hirth, 1967b), YBIEZSIE O il A 22K A7
(Zaefferer, et al., 2003), KLFLITEE~DHANZOHERT(Liang and Dunne, 2009) & Z#UiZ & % )& /14 H (Livingston and
Chalmers, 1957), kit & GN #izfiz 3% — > OBR(Zhang, et al., 1999)%, Z 7 OMFZENFNE SN CTE 7=, LnL
RING, PEEREOEE TIZRITLBIG MO THMETH Y, R RBIENER SRR L LTEEIBHISND
7o, ZOFEMOBARIIE S CTldZe <, b < JIFaMmE R Z BT 2 7-0120%, L Bk L7cE
TN L DT DL TH S,

Bl X 2 b— 3 COFEZROTERITL, SNLODRWIRE SN CRELZERTE 228000, K
FEE O S ER AR AR 2 B B 720 D58 17y — L b e o TG, Y R 2 L—3 3 U E VT,
5781175 (Molecular Dynamics, MD) 25 DB 72 E T V& W= Rk L, AEdbEMA TRERIEZE O HRHA
ETNVE W FEICRBIE 5. MD % v 7= F15(Cahn and Tayolr, 2004, Cahn, et al., 2006, Hansen, 2004, Ivanov
and Mishin, 2008, Shibutani, et al., 2013)(%, FEARRIIES OV OITEHE COENLOARK « TK 8 2 - LUV DA X))
DESICHOMNCT D ENARETH L. L LR, ZOREIRA FOTdIZIY 5 FOTE 23k
A XFROENTWD. —J5, FESEMEATREZRTE % V72 Fi%(Liang and Dunne, 2009, Ohashi, 1987, Zaefferer, et al.,
2003)i%, FEAERIS COJRT-OREEWEZZENIENT 2 Z LIXREETH 553, MD & g L CRE Zpth 1 X0k
EROWE D ENIFENRS L. Frox OWFET V—T OBERO R GUII RS G & FZERO A5 b O T8 O PEfiF %
FEODUT DRGSR L~V DY A XD OEETH Y, Tk ChEsaEMEATBRESRE 2 A\ 72 RS O it & Eiiti
LT&7%.

T, KAE (2005a) 1X, FESHKIFNCRIROEEEICIZ X DR DA Uiy, il MEast] 2wz
FRIFRBRE i & T2 — 5 | SR O ST 2 S50 L, 5 SR 2 7 T Em Th - Th, AT H 0
ARTOG-2 070, T DN NFRERFMHCE T, TRDERICHIIDA B E, I FHI 0B (GN
#5(i7, GND : Geometrically Necessary Dislocation) 73 EEIZHERE L 7= RO 88 (GN B5(7#HY) # T 52 &
R L. 3bb, ZOZ&iE, WESMER T RO — RS BRERIZE W TH, TOERIIAR
¥)J—ThbHZ L a2 L TWD. RE—7251%, MEIOBIEIZRE OO < Z & 56 (Kang, et al., 2013, Tvergaard, 2014),
ZHUCET AR LPEITEE THSH. AT (2006) X, MMERGIEOIESS, 2 TV ROME, MEHC
WIET D WA — A ZET 5 2 & T, BFEITHPROGH & CRUN S AL DRI LE CA U 2 IEMR AT (R
HoFEE A, Micro-Incompatibility) OFFHUZREN L=, £7=, Mayama, etal. (2009) 1%, ¥Tf%, Kf& (2005a) &
[RER ORI Al 2 FAVNC, — i3 | 9R-EAE Ok 0 I UZE T OfE A SEIVERRT 2 3205 L, GN S5 & O RIT,
B LUAMREORKOT HEICKREREEBELZ T 52 LaR LT

FRRORRIZ, WYL L7 BT T VA IO T AR BN E A TR ELFRVEIC L DTS, A SRRl < J)FHIFE A
TERIRS, ZRUC K VAT DA —A & GN B ORBEDHAIRZ LIFTE72. LI LRnb, To—7
T, MEEaE AWEAFTEE, SAEIRTICAEE T DG AR & 138 D BER S TR R L S 1D 2 &%,
HlE S AT B T ALSORE o T TR ORGSR A W T BT T D720, ZREEIRDZT CEBRICE Z 28R L R
ORHLOLELFERETHY, SHEBEOEEEIE LIRS EET 5720100, 2 TEEIRL QO RWEEX
RENRD—D>— 2% BFE L, TOMAEZEARERQ T LEND D, AT ORI & B 7 Aot L
TR S 73 2 — 5 IR S B 72356, PSSR OMPEDOINI G, il % OREERIOZEIIRITER R D =
EMTHEND. Tbb, ZOMEEMIT PEEGE] L7220, BEMSICITRIR A8 L7 IR O /) FHIF A
TERPMEIK LB 205, LLRRD, TOFMIIAHTHS. Fo, BROBRICEENGRS LD BRSO
B LINTT D2 &b, Piftidh & BIEOMEIOEZEE O HFZ 50O 272 OITNETH D, ABFFET
1, BRTH NSRS DRI OMER & R —22 BT & ORRIZE B L TGS ORGSR 2 i L, KR oM
AL GN AL ORIEDRRIS KUY, ZAUTx T 23Rt BEfRRME) ORI HOWTHE L. £z, B
Al 35T % GN BEALODEE L DOFHIEI DWW T biRF 21T - 72,
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2. fRMTAE

AKIFSE T HHE S 2 ARG ah O— MG [ HRMAT 21T, R TRESRIEMAT = — F clp (4%, 1987, Ohashi, 1987,
1994, 1997, 2005, ITjE&, KH&, 2005a, 2005b, 2006a, 2006b, Mayama, et al., 2009, Ohashi and Kondou, 2013)% Fiv 5.
LIFIZ, ZOfflra— KT, AR CHER LIEEIEET L0, MEIORMET L, TR ONTIR RS,

2-1 HEETIL
TR FRANEB A BHAET DS & L CUATICa%9 Schmid Hil & VW 5.

g = piﬁ,")gij (1a)
6™ = pMgy, (1b)
1
o _Lom,m oy
Bj" =5 (" +vb") )

22T, 0340 % n DRSS AWS /) (CRSS : Critical Resolved Share Stress) T& Y, X (la), (1b)®
FiE, DT RINWEMT 2 0EAWIE M OZ OS5 TH 5. P,-E-") 1% Schmid > /L, ;1% Cauchy &
H5 Y, v OB OHAS 2 } b, BV 30 FROBAAY ML Th D, O R LAl
X, PR ABTOT A OBy MW A2 VLU FORRICR SN D b D & 5.

M — Z pnm)y (m) @)

ERIZBNT, KM ZOFRE R, m, nlTEET N ZREAERLTEBY, EiT0 ZoLMERS. K
NI B W TRV NEE 2 (E L, SEMHAEREIILL T O (Hill, 1966)I2/E 9 D &3 5.

Eij =

-1 .
i+ ) (1) aﬁ-“af:’”]am @
m

St TR T T AT ATH D, CRSS (L, LUTFIZRIELE L7 Bailey-Hirsch 1 >3(Ohashi, 1987)IZ9E © &
DETD.

8™ =0, + z Q™ aub /ps(m) )

m

0o 1 TAG T BRI ) 2 G e lin AL LIS O 5B 2 3 1H,  ald 0.1 FRE ORLEFREk, widt A BrstEtetk, bl N—
H—ARY PADOKEE, pIMImET 0 RICHT DFEHCERTT 2807 (SS #307 : Statistically Stored
Dislocations) , QU™ | I#s(7 O EAEA DR E 2 £ ITAREATHITH D, SSHEMHEE OB 3IL, LATF DA AT
FTfti9~% (Ohashi, 1994).

S0 _ cy™ (6)
$  bLm

I 1 DA —Z OWRH, LOTEEEAOFHE MR TH D, L3, SSEEE L GN i EpI™ /L 2
oS || 8K & SRS < 725 & D LLF D7 L % J\ 7= (Ohashi, 2005).
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*

c
L =
()

[Zn e (e + o))

"% 10-100 FREDEOMEHER TH Y, o™ THNTIFR L O EAEHOM S 2 £ ITHREATHITH S, GN Bxhis
FED ) VI, GN SR D TR p oy e & BEASRIT DS eryen % FI TULF OHRIZHR S 415 (Ohashi, 1997).

2 2
o8 = (o) + (2 ®
19y
m)  _
Gr,re}dge -7 9&m) ©
(m)
m 107 (10)

G,screw — Z a{(m)

EmM pemizznzin, 0 ECBIT 590 FaB X OEUCEE 2R T ER L T0D. Ol
1%, KE)BLUOKXEG)~7) A TEN, LUT ORI 72 % (Ohashi and Kondou, 2013).

R = (11)

aﬂcg(/nm) e J %06 + [ ])
B . m)
2L0m) [ pi™ 2¢ "

Ps
22 WHEROBFETILE XUBHEMY
ATV 2 X LR L, TSV ST A —2 2R LIRT. s o —ils | ERERIC B T 52
TEHICIE, AR A ME(E S, 1980) DN A X VR T K 0 MM BtAT 5720, MR IR )
— IRk L CEE R N Td % (Hook and Hirth, 1967a, UTi%, Kif, 2006, KAGf, 1980). LU s, BED
LT & HITHMERFEE A TEO IR K 0 B IMEOT AT X D IR & (Hook and Hirth, 1967b) 23 AR ¥ — 2% LT
XEEHE 70D ((HRSH) . 22T, ABHETCIE, MITRERZERE L3 < 35720, MEHIRARRY 7055 5 ik
EE+5. £, 2T ZOTEENC L » TE L AT LR b DB 2 HERR L TR R A Z52T 5720
YA IZ TR0 ZOIENC L > TORETTHHD LT 5.

200pm

Fig. 1 Schematic of a bicrystal model. « is the angle Fig. 2 Definition of Euler angles «, 6 and ¢.

between the grain boundary plane and tensile
direction. v is the slip plane normal vector and
b is the slip direction vector.
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3 ODHNLZ k/L[100], [010], [001]% HAAN Y hb &9 5 0 ISR & SRS A (X, Xo, Xa) D HIEABRIT,
Euler £ O#(k, 0, p) 2 FAWTIX 2 DFRIZE L, ZAUILLTFORIZ L W RBITEX 5.

[100]
[010]
[001]

|

ABIFFE T HIV 2 Ak dbatBH

—sin @ cos ¢

>= (sinxcos@cos¢+cosr€sin¢

cos k cos 8 cos ¢ — sink sin ¢

cos @ sin 6 sin ¢ X1
sinksin@ —sink cos8 sin ¢ + cos k cos ¢> <x2) (12)
cosksinf —coskcosfsing —sinkcos¢p/ \X3

52 D850 AR 2 (R BT FICK LT EORT M3 45°DRFIZ

1%, GNHERNHAIAERT, —JF, TV MEOTAN 44°8 L OV46° DA, GN BNLH AT 5 DASHERR
ST D (TR, KiE, 20053, 2005b). AHFIE T, XD EHORKT IS 44° & 72 HERIZ Euler 2R E L7z, BE

P,

B NI &2 T mEE & L, B LIS U TAROT 2 1 %D il 0L 2 o ST mic G2 5. &

REARAET, BURSERORI ORI a % 0~90°DHEIPH TEAL S CT—Hln 1RO 4 Fhi T 5.

Table 1 Material parameters employed in the present simulations.

Elastic compliances, m?/N

S =1.0X101, 8, = 025X 10711, §,, = 25X 1071

Shear modulus, Pa

= 1/5,,=04%10"

Magnitude of Burgers vector, m 1.0x101°
0, in Eq. (5), Pa 0.3x106
ain Eq. (5) 0.1

cin Eq. (6) 1.0

c¢*in Eq. (7) 15
Interaction matrix in Eq. (5) Qem =101

Interaction matrix in Eq. (7)

w™™=0 when primary as against primary or co-planar,
else w™m™=1.0.

Initial density of SS dislocations, m=

9.0x10°

Table 2 Crystal orientations and Schmid factors and tensors.

Grain 1 Grain 2

Euler angles

(,0,¢)

(74.983, 24.535, 79.469)

(74.983, 24.535, 259.469)

Primary slip system (111)[101] (111)[101]
Slip direction v
1p girection vector (~0.6947, 0.7193, 0) (0.6947, 0.7193, 0)
(B by.b,)
Slip plane normal vector
(0.7193, 0.6947,0) (—0.7193, 0.6947,0)
(Vx« Uy, ”z)
Schlni@ factor for loading 0.4951 0.4951
in y-axis
Schmid tensor of primary (primary) —04997 0.01739 0 (primary) —04997 -0.01739 0
tip system i P” S =1(0.01739 04997 0 'uij =1-0.01739 0.4997 0
0 0 0 0 0 0
= J-
3-1 GNERIFDOIME ST

Ui, KAE (2005b) 13, KIFUCBUR O (KR OBURA a=0°00) TEERRFRIGH i O — il 5 | RASTEART 2

Fhi L, T Fa & ARTTH O 44° DB T, sk b & RIR & DA S X 0 45° 7 IR D,
WEE NIRRT DA D GN SN R RRBET D E WO RES. — 5T, T K (2005a) 1, ZFiLEFH
KEDFE S TN T, R & 3B B KOV N 23 AT 2l AT S D36 KR DR a= 90°DHE) ,
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GN B ITER SN E WO FER BTV D, REITIHE, RROBRME a DE(LE & B2, GNEIH OS5
N EORRIZELT DB AT .

X312, AR Ié,,= 1% D, 92020 GN EENEEED R S D5 i3, ZhbDKICE
WTC, RORSTEID8, 17— N—ORT I KL EOEIIRE & R, Se/IMELLT OfE i/ ME & R
& L7z, AHTICBWT, GNEENLIZIEIE TR S DD D Z & A HEREHTH 5.

[um?] :
BN/ N/ N7
(@ (b) (©) (d)
leéXl © ® @ (h)

(primary)

Fig. 3 Density distributions of edge components of geometrically necessary dislocations Pg.eqqe ~~ 0N the primary slip
system when norminal strain &,,=1%. (a)a=0° (b)a=20° (c)a=40° (d)a=45° (e)a=46° (f)a=60°,
(@)a=70° and (h)a=90°.

< ] % > ] e YY) XA
; X <
Re e Grainl K 2 Grainl <Yy,
» A IS A > K
» < > < »
> Grainl | Grain2 < » Grain2 4 2, Grain2
(@) (b) (©
2 G2
. Y, LY,
Grainl &,0') Grainl &Y.
X < “
2
. N . .
/t N Grain2 N Grain2 Grain2
X3 TX (d) (®) (U]

Fig. 4 Schematic of the GND bands shown in the Fig. 3. (a)a=0°, (b)a=20°, (c)a= 40°,
(d)ya=45°, (e)a=46° and (f)a=60°.

GN RN O AT #BIEET 5. FLANREIO EEBS L O T &R 556 (X3 @)-(F) , RROBERMAE a DK
X ICEDLLT, GNEZH DRI &3O L EZIX TEORZ DA EHN LTS Z ERBIEETXx 5. &
AUX, JTRE, K& (20053, 2005b) 723G FRAGRE G (BRI OMERHE a=0°) THRIEEREFERTH D, AT
WCHWIZEEBID BB LOTFIZ, MOREERIAMEET 2 EIRET D &, OB 3 HA B &EHR) ONE T
BV, ETD GN RTINS Z &I272 5. 3 Bt & HW T fRHT GITER, A, 2006b, Mayama, et al., 2009,
Ohashi and Kondou, 2013) T & [FARDBFTIC GN DB S D DB SN T\ D, —F5, KRR ORI K
= <, RRDEEI ORI & 2D DA (K3 (), (h) 1%, GNIEENOFEEIIEL, KIROBERA a=90° DAL,
TR, KiG (2005) OFEF L FIERIZ, GNEEAIFIERR S L/ehoTz.

GN #NLHF D Af & & 0 IR D &, LFLokiR 3 HAADOAED B MHOND A D GN = LIZMI B GN iz
AARDIERR STV D OBBIEITE, ZIOITRIAMER L7258 20 m i Eb T 2 DD HEGR TE 5. GN 57
WO RN OR L2 b O %K 4107 F. KR 3 EAONLEN LD A D GN A LIS D GN BEALHFIZ
KIRER S TEIEET H &, Grainl I TIL, KROBRMA a=45°00F0%4 (K13 (), (6), X4 (c), () , Riftirts
W5 DNED GN BT H SRR ST 5. Grain2 I TLE, R R OBRIO BN & 3B o4 B2 HIED GN i
P EL (K3 (), K4D) , SOITRROERA a P KE b LRI 3\ LMD A D GN HEALH;
EHET S (K 3(0)-(), K4(c)-() . LnLaedn, RIROBRE aBNS HICKREL2Y, Rt &Ml 2
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RODHEMEOEE (K3(g), (h) , KR 3 ERNSMOND GN N OHE L REEIC, 2 b0 GN RN 6
B S AR,

PLEX Y, GNELHFOGAAITRIAOMERA a DL LB L, FrZ, RIANRE EmB X O TmE b
L6 &, M 2> DT H 2556 Tl GN S5 OHEFEOM A DR E S BT 5 2 L3 bh o 7. GN BRI,
OPTIICZIRRDH D & ZAIAHET DL TH D, LIZi-> T, 0D GN B8O A DAL, kiR oeE}
i a DELIZE T, OFTHOGANRE LI L2 KL DOTH D, REITIL, RADOBEENILE S O H
DHAADOELERET D I8V, GNIBNHOSADOEILFEKNZHET 5.

3:2 VFHOITE NERDSH

AFEHTTIE, GNBRALHFOAIL, B OBRA a DZL LU L LT, AFITIE, ETND ROPEEA
T Ay Primary) L GN B EPareage D ol L7 DT 5. [RI51C, E40 R 5B
HAMOT BON T2~ B AWOT 2051 (K5) L GNESEEDS M (X3) s 5L, Wit
FAWOTHOTRY FEA~OZ I FPRKRENE ZAHIZ, GNEMHFRAERENTEY, £ ) ENERGHT
38, TOEENRENZ EVHERTE . FAOMERA a LBHETABOT O Z SFOKE OBURIZER T
L&, FiROBERA a=45°0FFETIE, aPRELS 2D L, BMEEAMOTAOZ SEITIREL 2D, Zhal
AT aBdRELRDE, ZOZHRITERLNICRHMBMICHD Z ERNDND. S HITRROBERA a PN KREL 7
O, BLADGEHA & 220 2 -0 %E (K5(9) , F % ORGSR CTEMMEE ABOTZMTIE—RRE D, =56
\CRERDBRADRE <72V, R Ll KO & HATICR D &, B RE TEMEE MO 3 —4k
L72% (K5(h) . KIAROMBRE T Z D GN A E M OZ (K3) 1, ZOMPEEAMOT HD010
DEERM LT D THS.

Fig. 5 Distributions of slip strain y®"ma) on the primary slip system when norminal strain &,,= 1 %. (a)a= 0°,
(b)a=20°, (c)a=40°, (d)a= 45°, (e)a= 46°, (fla=60°, (g)a=70° and (h)a=90°. b is the slip direction vector.

BEROBRLE T, S ABTOT BN ELT DAL, RIRMERT 2 2 L2k v, 2 SOfbikio
RN T B2, TNODNAMEZ T TZBOERIRGEAT 572D ThHeELXLND. T70bb, R
OERHE a DAL L T A PR OFEBEEEOEIZ LY, TORRE ORI EZ —H XA 1= OICEROARY
—MIFEET 5. 51T, BB R KON T AR T B o 2 RO MR H O, RLROMR S 3T
ZAT 2Bt OEILE O EIB L ORI CTHIR SN D720, WIS AWOT B0 oA TR R OfER & 12281 b
L, ZHUZE > THERBORE—MHITELT 5.

PDLEX D, KEENTCIE, 1) PEESROIEEAMEIC K » TR micE U AR &, i) 30 Bl & Tl oA’
FRIZE D, BRICAE—MEREAIN TGN IENHNERIND Z EXbnd. £z, WiEmOERRED X
NFE L OZOMSITRIA DR a DL & BT B2, BRORE—MENZE{L LT GN B E DSy
L (X3) bE(ET2ZERNbnd. WEITIE, BFROMRE GN EBALOBEORRIZOWVWT, L ER
AN~ S,

3-3 GNERRIZEBEQD Schmid 7> V)L & HFHi
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B ORI DZA L & uﬂ#m@#Lmﬁ@ﬁé I, Hx OFEEROEIIR IR E & SE 5
T2ODERRR L, RN DN ETEHED, MR AMOTHDOZ HBOKRE SEBLEEE. FDIH
BLOZEAb & HC GN BB EDORE ST 5. 22 TlE, WEEEEDNER LB, FHh AR 5550k
OFBOE, T2 b MEROIEESTEDIR S OE D GN BB EIZE 2 D BIZ OV TN D,

Gralnl
Grainl | Grain2
X; Gra|n2
- —

(@ (b)
Fig. 6 Schematic of the rotation relation between global ~ Fig. 7 Schematic of deformation shapes under tensile
coordinate system X;-X,-X; and grain boundary loading. (a) a=0° and (b) a= 90°.

coordinate system X;"-X,"-Xa.

£7, FAOHERA a= 0O AP DOGEEE X 5. KENTTIL, 84 OfSdahL XIS AR —
P72 T2, 2 SDfEEKL (Grainl & Grain2) ZRIFCYIV B L < x Bl 7 —filhs [BEA R S B854, kiR
BRI 2T AUTERIT T 2 5. BT AKOT 2% py 3258, H—T 0 DS, BIREIEER Xi-X-Xs

2B D EHOT T, &) = )’P(p”mary) LFAED. Grainl & Grain2 D4V RITET D Schmid 7 > Y v &%
i PEremt . pEreinz L g < L Grainl & Grain2 TiE, #2 LY, Schmid 7> VL OEEKAITHELL, £
AT, % BHAANCE LTl o8l & s BHOED HICE L TR TH Y, Bl it e chsr Z &n
5, LUFOBMRAALY 320,

yPGraml — yPGramZ
yPGralnl yPGraan

yPGraml — yPGramZ =0 (13)
yPGraml yPGramZ

Grainl _ Grain2 _
YP5 =yPys =0

PILEL Y, Grainl & Grain2 OO A 2 2hel @™ ef ¥ L n b AMGERIE, efpuint = gfpainz)
g§haint = gfrain2 - glrainl — (Grain2 g Zefrl A-Yi 7= 93 54 ”Ta*o'é LD, AEESRME, B T A
NS T DS 2T L TN D DT, gfrint L efran2 pri B.mif iy GN BT O E © 72 53 G, KAE,
2005a) . F7z, MGESEERERCT D REARRIO Schmid (K234 LWGA, WMHAEIC AR —M3 7 - U, lx OfE
BRI DI 2 2 1= 358 OWEMER AUMTOT 7 y BNE LN LD, O 4EE Shmid 7 > VL% FV TRk
TEDHZ ENbnd.

WIT, R LRI n 6 Rz & & D 2 SOfEEBLOIEEAVEIC DWW TR T 5729, X Hillla] 0 ISR DR}
a T2 VAR U7 R X X0 X3 2> B L7238 3 Schmid 7 o VLT HOWTE 2 5. X 6 IZFEFER X-Xo-Xg & X1'-Xp -Xg
DOEHABIRZ R T, T ORISR IZIBWNT, FEfANIE, JCOMEEER) O KRFHRI D IZA R a 72T REE L7
BEIC L2 5. RIFUBRE T & B Grainl ¢ Schmid 7> Y VPR ™ 3 A RS 22 331F % Schmid 7> v
JLPeraint b [alfizf 74|
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cosa sina 0
R = (— sina cosa O) (14)
0 0 1
AW,
I)RGT'a'i‘"'1 — RTPGTai‘n.lR (15)

LFEEL. L, TIdEEART. L2 - T, Grainl {l|ORIFUEE R T Schmid 7> Y Vi,

Grainil i ; . . .
PRI = PEraint cos? o + P4 sin? @ — PE %™ sin 2a

Grainl : . . i .

PR, = PEranlsin? o + PS4 cos? q + P sin 2a
RGrainl _ nLGrainl _

P33 = P33 =0

Grainl 1 i i . i (16)
PR = 5 (PEraint — pgraintygin 2q + PE%n cos 2a

Grainl ; . .
PRI = PEranl cos @ — PS4l sing = 0

Grainl i . i
PR, = PEranl ginq — PS4l cosq = 0

L7 %, [AERICLT, Grain2 [l CORFELER DD R Kfod Schmid 7 > Vi,

Grain2 i ; . . .

PRI = PEain2 cos? o + P42 sin? ¢ — P %2 sin 2a
= pfranl cos? o + PEI4nl gin? g + P4 sin 2

Grain2 i ; . , .

PR, = PEram2 cos? ¢ + P{TM2 sin? @ + P %" sin 2a
= pfranl cos? g + PErenl gin? g — P4 gin 2
RGrain2 _ nhGrainl _

P33 = P33 =0

Grain2 1 i i . i (17)
PR, = 3 (PErainz — pgrain2)sin 2q + P& "2 cos 2a

1 . . )
— E (plGl‘raml _ szz‘raml) sin 2a — Pleraml cos 2a

PRi;;ainz — P163min2 cosa — sz;gﬂainZ sina=0
PR = pfrain2 sin q — pErain? cos q = 0
N L. . . 9 > > Graint crams
LA, LEEN-oT, RREEZRIZEIT S Grainl & Grain2 OEMEOT 2%, %ﬂ%msRijral" = YPRijmm ,
Grain2 Grain2 ) | . ‘
Rij.ram _ PRijraLn LB L, RFICERNDHS (a#0°, 90°) HBA, gRg;aml * gRg;amz L7y, A

L.

WTRE, K% (2005b) 1, EARARGESIZAE U D GNERNEBED /L A0 Schmid 7> Y V& AW CGEHME T 5
ZlAERLTE. 2T, R RTO Schmid 7 Y VA IWT, FHEEATGER O GN A ED /LA
DOFHM 23R 5 . (16) & (17) & 0 Kb 7= Grainl & Grain2 ORIFVEIERIZIIT 5 Schmid 7 > )L ORIFUERNELF
PEZ 8 IR L, AMRNT L0 1F D7 GNHEALE L / L A OSEXORIERME T2 4 9 12~

BRERE A2 81T 5 Schmid 7 > Y )V Opksr OfE (K18) 1%, Grainl & Grain2 T, RIAOMERME a DEML &4t
(CHRIO AL ZRTD, EDRZERROND . ZOEDIREN, WiERHOOTHORYE) AL S, GNix
A B LSS5, 9, Schmid 7> Y VOIS (PR, ™, PREY™) 12 HT 5 &, KLROBARIAS 45°
(U< R, Grainl & Grain2 TEDZENRKE NI Enbhd. ZOZ Lix, KIROBED 45° 0T OSET, i
skl 2 DI & & 2 - 8A 0, Grainl & Grain2 TORLRE OFIR (HifE) OFENKE L B Z L 2B RT 5.
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(9) 1%, BLAOMERIA 45 TENVMEE 720, ANTRERILIZOZ & /AT 5.

Wiz, Schmid 72 Y LR AWy (PRETE™ . pREIYMY (] 8) 1k HT 5 &, RUROMEAME a=45°DH
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90°) {21, Grainl & Grain2 T® Schmid 7 > Y VOV AWII G DENR K E 72D, LI L7eN D, a=90° DR,
Schmid 7 >V VO ARy DZE IR TH 503, 308 Bifi & TS DN BER SR L W BRI
HZERRWED (KT, ZO8EEIE GNERAIEIEAE LAy

AFRNTEAIZ 3315 D Schmid 7> Y L DRSS DIEDFE (T70b b, M ORI S E O — S 57D
EAROES) Lk Bifi & FilCiie D BIRRO &5 65 GN RN OHEFFIC K E < 5T 500 %
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ST DOITITIRVVETEH A LETH O, AT B O TIEEE s L O FEISRE S - g, N
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PLbEX 0, RIRDMERL7-5A1C GN BRI E Om S AT 201k, MEROIEEATEDOM & OF &3
i KON HE COZEHRDIRIK TH Y, GN ERAEEFED ) )V LD E S IR R0 5 L7z & & @ Schmid 7
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ORI DERH OZACIZEEX L2 FEEE ORI OZBLEER LV b, TN L > THELARE(AERIZE -
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PIRE LTFHEET L ERAWTELNIZ LD THDL Z LITEETHIVLERD D.
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SRTOFATIC BB FRES L& 2 bb. 5%, ZO=RITOITIIIT A FIEOA AMEIZ OV T
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Fig. 8 Changes in Schmid tensor components with Fig. 9 Profile showing average norms of density of GN
increasing inclination angle of grain boundary. dislocations.
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Fig. 10 Density distributions of edge components of geometrically necessary dislocations Aiage

primary slip system when a=0°. (a) &,=0.1%, (b) &,=1.0% and (c) &,,= 5.0 %.
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Fig. 11 Density distributions of edge components of geometrically necessary dislocations pegge

primary slip system whena=45°. (a) £,,=0.1 %, (b) &,,= 1.0 % and (c) £,,= 5.0 %.
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