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WFFER OB (J£32) : This study attempted modeling and simulation of a transient process from a
slip band to a fatigue crack based on Field Theory of Multiscale Plasticity (FTMP), focusing on the
dislocation substructures evolving during cyclic straining. A persistent slip band (PSB) with ladder-like
structure was demonstrated to be successfully reproduced via FTMP-based incompatibility model
introduced in a crystal plasticity-based FE simulation. After identifying the substantial role of the PSB
ladder wall structure in the vacancy flow there, a preliminary simulation for the transition process was
conducted, where the incompatibility model for the vacancy field was additionally introduced. There
observed surface groove formation and its growth on the sample surface near the edge of PSB, implying
its further evolution into a crack under successive straining cycles.

AT R FERR
(BAHAL : 1Y)
RS [ e 2 o @t
2009 4 1, 200, 000 360, 000 1, 560, 000
2010 4F 1, 200, 000 360, 000 1, 560, 000
2011 4R 1, 200, 000 360, 000 1, 560, 000
&t 3, 600, 000 1, 080, 000 4, 680, 000

hge sy e - T4
BFE DR « fH - B TR, AR - B2
X —U— R GOMG, AT Rr—)b, EiEHR, S, AL

1. BRSO = F R — VIR SIS AR R E IR DR TH
BT DRI RN E L, FomET 5. Thbb, B - R D
TV ZIFBRERATHmMD TF LTy O EHMEN D, EEALEENC BT 28T T
T TH S, FREEICK LT, R Vo 7R0valb—ya U, S
REF T RGN OERELET Y 7 OfE BT AHGHRICE D, MO THIHICHES
e 25T <, FERI IS B ZERIIC S EL I~ L ROWIERR &, Koz 7e iR & iRV




kBT Fua—FnEREND.

—77, ERSMIBW TS ILF Ay — LT
UV T BEM AR TDOILTWDE R, %
< OWFFEE ORRLIE, T U LOERmE L X
DY, EFEEELMOFELVI B2 — X6
] EICPE S KRB R A~ b Tnb. 2
IS ETBII"HNeT e —F L F X,
SR RMELE WO MR AT ADYE
PEAETE - BN %3 2 R AN, T 7
HEDX )R AT, Tnik EHRZ DB
XL D BRI BLE D D F R
IO TN, ZOFER, w5558
ODAREGEHFVHAKIZIE L E TRy, £
DL T Ta—FRFL A ETh
HOMBURTH Y, RFED X 5 2R
Bl Ebont s s n &z

B A 7 VRS T, —RICE BT
D B (PSB) & MEITHL 5 OF I shis T 5
MEIERmE S & RN AET D, FRRICET S
ISR 2 A i < M BiThbil Tl Y,
REGHMICIT L <HES N TV D, L LR
G, R OEMIES) - FAER D SRR
72T A LD TRV E &L R
Nh, TROAERE DT WE ~OBEBIBE
EEHELTEY, TORERET MEITIIMARN
W7 AT R VIR ML &, F
FPREZH LTy, 72, B FEbkRR & LT
D7 T B ARERN LD XD 7tk
ZHSOTHWENZOWVWTHERPETH LT E A
LR EN TRV, —J7, #ixfrE) /)5%(DD)
EEME U7 7 #—HkE, &< r—nLfoTF
¥ U R B T BERNLRE DB BT B REM
VIalb—a BRI TR TEREY
(RAZ), RIE OB 28 5 &4 AMEALR] O
WEERB LWL T +—v & OMELERIZOW
THREWE#ERN STz, <L, £9
U7 AHAAER OSSR, FAREEALZ A R — D%t
HETHZ b, FrorxdBitNy +—
IVERDONT I BN T R ZEFLAE AT 3
BT DI LIRBENT. ZOXIRFEMAS
SR NEMETH LT, YRR
%4 AN AT T Y v N TR R T BE
Thd W LT,

2. Mo HBY

AT, WHFRETICBTHTRYED
RO EROREICELEEEY Y I 2 L —
N5 Hikwma BT, B Ar—u
BT D AR ELORIREZHFICHER T
DHFEEMBOBEG TH D~ /LVF R —/LT8
P OHEEFTMP) Z2EH4 5. BRI,
(OFTMPAIE & £ 7L & R 7o G SR vk
FEMFEHTC, 7 X —iiEa ) 0wz

FHAEMENICHEELL, [ S AT e '
2L DBERER LT HZ L, QIFEERTO
B zsdh LR E ToM S S lcixE a4
E ORI A LT A L, AEE
WA N ENLEMT, @I hbEEDR YR
2l —YarETI - AFEERETHL
ZHIET S,

3. WFFED I

ITHEO ERRBIEAE R L BT OV I = L —
v CESMmEND, BV LEETIC
H AN AL S D 8501 Pk, & <I2H
SRERAL O BTG A- 7> DAL S D T X —Hifk o
BENZERT D E L HIT, PSB 76 D X445
AEiEER I A ELR - o—> L LT, PSB
PR C DERNLFAR AAVERNICAE 5 22 LR s K
WZEN O OYLHEORRIZE BT 5.

AT ISR LCiE, HREE A ICIEB LT
WD~ LT A — )VERPES O BREG (FTMP)IZ
BUAREAEET VERET S Z LT, M
VK LA OPSBDE T AL ik Ar, #ifk
R OHINE T ORIBHEBIG(T 4 —k ¥
— =V T EEDOT HREFHOTR) DO
Z I D (2. HFIE).

HBEFITKE LTI, PSBONEEE T 5 s
WD T X —FEiE 2 f0E Liz4 OO 7
TRVKEESAEARE L, ARSI
DL EBHIEBOIENT 21T 9 Z & T, [AEED
BB 2 R ELT D (2.2ITxIR).

RZICHREORBE RNEAEET LV EBED
THIFEDY I 2 —a VETIVITEAL,
PSBEL S EUEIRENC BT D & B I X 2Rk
\CRAETREEZ TR D FIEIZ OV TREZ N
25 2. HH).

4. BFgERCER

MBFE T C ORI RT3 A LB, 370
O BERNL G- 7 4 — VA E O 4H 5 Rl 7P
FNZOWT, LLFOfEwmSI S LT,

(1) 7O EAEIC L W PSB MEBTHRAE L
72722 flX. PSB DOANER~HET 5. Z D
B, 0 4 — VAR N AL ORI & LT
BE 2 Bl-4. FE L4 OEO$ T
FIVRBESA, BLOE LI 22 LI 4y
1 &2 K17,

2) 7 X —tEExE KT Dwall BNZEfLOILEL
B LDz LT, Z2HIT—EDEIS TPSB
S~ SN 5. ZHUT X 0 PEY X 2 oRiE
WEETHLHED, "ZELTRETSZ &N
R ENS.



parabolic
1F2I|1L'Z(-Iidéll ) i (i) (viii}
II " ’\ II ’\\ II II"" |Inll Ilnll Ilﬂll
l e S TE— ALV L
constant  lincar log sin
X 1 OF BT p VX 5540 & Ri% D
22 fLIR LSy A1

L OHEGFTMP) ([ZES ABEAELET LV
% fb e AP ERE R S (LR ) 1T EA L, B
FEERET VO H—3 Y FALICx LEEOT
HIRIEHIE T O LAMEZ 5253 I 2L
—varEELEZ. Bon-EERERE
PLFITRT.
BREAEETTLOEANZLY, 7 X —IkD
TEEE A o T2 TR W H AN S
W, [FEEIXOTAOMICb SIS Z &
DL NE o T2, [AECI, OTAOEH
Nz, BEAT U RL—T0RIED Fha~
D7 b, TbbI7F =y MUEIEZLED
T EMNTRENT. K212 2 S OfE RO
T,

(4) T FRENCxT 25 T X —DOMEIL, AF

HTFIZB N TE D EAIZITWFEIZERK S 1,

ERRICBZE SN AHPSB IV EREA T

A

1T 3 -1

True Stress o, MPa

o . £
2i) -
" - [
. 3
4 - d
Ratchot-like I
© wa {
ol 1 Cyclo Deformation %
h In PSB Region £ |
50 Cyeded = |
g
100 Cycles L - |
00 L L L
005 0 005 01 015 02 | 1

True Strain ¢ i ]

B 2 FTMP ~— 2 R RE&EET V& H
UNTE AR U S T PR AT G SR O

EEIOmx T, &5z, EERZEfLyEsdiRtT <
BoNFHREZRMLEZY I 2ab—32a )
A, PP X BT AN 5 EREERIZ DWW
TR 2 /b5, LR ORERNE k.

(5) HI = HOFBUREETH HREICK T D
EORFRE 1 IRA NS RY, —EDE|
&, TRbLEFEICEMmT 5.

(6) ZEfL BB T HZ & T, HEDTRY H
HIZB W T L VIRWENER IS, 2O X
D PRI S E A DEB A L0 iR < AT
LR ERELTWDZEARBRENS. X 3
2, shoT aRBREO 7 7 7 A VELE
R

[man] LI 1
=
oooos - | e 4

with Increasing Cycles

I

I

I

|

I

I\ |1

R o | Groove is Formed and Extends
W

" at the Edgo of PSB
|

|

|

|

50 cycle
y To be Evolved into
— a Crack
300 cycle g with Stress Singularity

3FTMP XR—A F¥ I 2 lb—v 3T
@57 PSB R bl L b
T C O

5. E7pFEFKGmLE
(WFFeEA . WHIEo R e O DT 24 1
(ES )

(MRS L) (BE 0 1)

(FpR] Go i)

O HOHGHIZEES I X EP8ARfED~
WNF A — LT Y T Ial—
I

R - BAREEE] - AR KED

5524 [ B AHEIR S5 ) S

(2011. 10)

@ BT FEICRT S X AR AR
DETMMLE I 2L —v g

e - AR RES - B EFE]

5554 [l H RPN B Lol A i s

(2010. 10)

@ LOHGMIZE S I EEABEDOE
FupltyIal—ay

g - AR OKER - B L]

5523 [ H AHI - 5 R ) S

(2010.9)

@ MuR U1 %500 2RO BT~ 0 5
BT DI I 2L —va v

i - RAEGE]

H B - B GBI T AR B AR 3

WSR2 (2010. 3)



® Flow-Evolutionary Law and Its
Applications, T. Hasebe, Workshop on
Mesoscale Mechanics of Complex

Materials (Vancouver, Canada, 2009,
11)

(XF) GF 110
(DField Theory of Multiscale Plasticity
Cambridge University Press

6. WFIERE

(D) W iERE

FEAERHAT] (HASEBE TADASHI)
MR « REFERE TR 9eR - =
WF9EE %5« 20237994




