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1.1 FEOER

PABAR IS ) ORI ST, € DR 90% & A EH DI T 2 JRR & L, 7% D D 10% %
. BERE, EERTES AN S UCRAT D, KLU, EHBEEICRK L CAED
DI L, RENREFLZE OO THD, FEHNEE L& ORI’ KD
Beb ORI, 1842 T HE Z o 72 ¥ = VW A BB O BEhOJE S REEEIC K D FRIC
ETEINDIED, EPNTIE 1985 400 A AMLZEE ORI BLIE 1L EEVE Sz, 2007 42D KR
TRART ROV xy b a— RS —iRE R SO CTER QR I RIS
EoTHZENTWDZ EB3bnd, £z, MEOBRBEb-HikE LT, K
F 1B OIEHKRE OB IE & ¥ L ORFUS NEEFN b IRZA2METH 5,
INLOEFBIOEERICEE L TRAELEFRITI AT I THLRESTIDY LTS
NIz Z &t @M EORERMER | & RFMUITHEMICHBOEALE TN TE
oo BT, REMEIORFMILIT, BRICZ LWARIZBWTIE, FrICEZERME
D—DTHY ., BEAKOEHIIK L THEEREHZEO DO TH D,

SJEMBFORE T BT 20981 1950 4R B4 BIZE D E THERE - %8 X
O L5043 BPIZ T, HEAFSEIRE & L CENAATIERICHIERNED b T
7o JETTMIEDOIEAEA T = XL, #0 IR UATESMEHZAM IS Z LIk > TE
U5~ H (Persistent slip bands, PSBs) £ 721328 L « ANiAZ & BN 5 448
RKEOMIMNIIBIT DISHEF & ZUME D EHOBABWBETH D, Licn> T, K
RO L TiE, MERE O 3 v P E—= 0 7 K 2E R &R bo £ v
T U A FERRLOWHIEIC & D S iREE b, F6 X UWE SRRLT (Lo AT O FlfE 72 & Dt iR
NELNTET,

—J7 . @RMEOm R LIS LT, k. AeMRofiliE, a—7 470
KO e RMEPRE, #E SR I X 2 I8 SRR o il At B RO fil#E 72 & 0 5K
NeEbNlTETL,

1980 AR TN ALK F OB EEZ 1T K - THRIE SRR BRI X 2 245
s B D EEREIL - ZHERRIL D 7o O OB 1 R 3 JEAE DRI T.7%(Grain boundary
engineering, GBE) ] & L CHE L., EWNITHREDED LTS, T4 D%t
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(3, RIS B ORI T3 DR OIS, 2 DRI OMERE (k& e ThE
173 % 2 DOREFRL O I ALEINR LRI DI L > TIRIE S D) (258 < KAF
T2 EITEDWT, E& L TREDKRIFOIFEME (RIS /3m) 26T 2 2
LIC X VITONTE 72, R OFEEIZ OV T 2 TRl 9525, R X (7 7=
25 15° LUF OARARIF, 157 L0 REWEMARLIAD 5 6 ORI O J 153 o J& B 25
W —fkA9 72 T 2 LR B K OVEHIMED @RI o S, IRA RS &
OSHISRIFUT T > & DRLFUT Fe S ORISR R I L TRt R 92 &
BHBNZENTND, ZHETICHE SN TE R R LRI 20580 % < 13
DL JTHEE (Face centered cubic, FCC) @@ EHIXT 2 b D TH 5725, Niz Al &J&E[H]
L&Y ONatERE2], TV =T 207 U —T7EROMGI[3]. K 1.1 (2~ 3 $h5 &
AR B ORLFE £ OIHEI[4], = > 7V — G2 DRI B L OIfl[5]. 7 /v
2=V A= UFULEEOBBHIETOM 6] K O 1.2 173 oG s RorE Rk 2
b OENT = v 7T DIRSTHErERIE[7]7: £ St s e R0 2% < DR M) 1
ARETHD ZEMRINTE, M12@)BLIUDO)D LT, FLiER SLTWD T
J e AR 72 SO SRR A A9 D AE TR R IR OFFESE 2 %9 10% 50
FTLHRTTHEIENRRELS [ LT 52 EDRINTWD[T], BT, = v 7V HE
A4a[8]F LUK 1.3 127”73 K 912 SUS304 SR[9)ICF1T 5 | IR AEEDHIFNIT X L TH
KR T EDOANEPNRENDDOH 5, KR TFEOFIEL, GRITHITHDL RWMED
mPEREALEIN TH D Z L2 b LRI OME D b HETH D,

RO 10 4R Tl RIR TR EPED S, N—alL—va Vi, 7774
JATFE DN TEAR PR 2 b DR O G, BT Z2R o0 Al OFFAT - A7 129
DR DPMTON TV S[10-14], T B1E, mBE ORISR AV EA S 2 (K FE)E
RbpT RN —D FCC M EHI X L T{Toa T & 72, Kobayashi H[14]1%, ¥ 1.4 |27
T X H12.SUS316L A— AT F A hRAT v LA B\ TR RDEREEE © 0T v
K LRI DR~ b U —2 (Maximum random boundary connectivity, MRBC) ®~7 < 7 %
N ZATW MRBC 237 7 7 Z VT D Z & DT 77 Z NRIEHMEROERER A 1Z
EL BNTRRE RN Z R T AR LTS, 4k, LV IAFEHIZHZ RO
22 AN P53 A0 DFEAM - R FIEZ ML T2 2 &3, RIR L7700 S b7 DR 0T
EoTHETHD EEZD, BT, RLLHHEE (Body centered cubic, BCC) 35 &

BT NI =0 LEZDEED LD Im OHEE XK= R X — 2 b O EHI 4 D kL
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S~ v R LTt 2 OREARMFESHT L LRI T2 WELRICH 5, 5%,

55 AR A T ) DREBRICIS VT, BCC @@t Bt R Sl i FIE O FaE &2

ST THERRE L E A5,

4
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Table 1.1 Past example of accidents and disasters resulted from fatigue of metals.
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Fig. 1.1 Comparison of corrosion in optimized (GBE) and conventional Pb-Ca-Sn battery
grids following 12 days of static polarization in sulfuric acid at 70°C[4].

Fspecial =49 % Fspecial =40 %
Hv =293 Hv = 367
Kic = 2.5 MPam'?2 Kic = 1.1 MPam'?2

d =750 nm (68%) + 39 um (32%)
Fspecial =37%

Hv =283

Kic = 0.7 MPam'/2

"l

Fig. 1.2 Control of intergranular brittle fracture in fine-grained nickel by grain boundary
engineering [7].
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Fig. 1.3 Control of fatigue crack propagation in SUS316L austenitic stainless steel by grain
boundary engineering [9].
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Fig. 1.4 Fractal analysis of maximum random boundary connectivity (MRBC) by box
counting method and control of intergranular corrosion in SUS316L stainless steel [14].
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(B3 A IER DA

1.2.1 RIFURF & R AR K U R D]

1.1 Hi Tl _72 K 9T AL D PSBs OFERITIE 57 & HOFEARIR & 72 503,
B 151 T K DIT, ZREMEIOMIEER TH DR R GIRTT EHOBAEL T L2 5
TP SN TVWA[L5], 1970 4R IZ Mughrabi[16]3 £ OV Kim & Laird[17]i%
A= AT T A FRAT U VAEOD K D 7p FCC @AM O ITIREEIC BT, KL
FEDNE 97 E RO RICRGIT & 725 2 & 291D Ty LTz, Bl Tl 2k
ZRERLT D ARG AL OVERE - G DB E THBEIC AN ED b TN D,
1990 4F|Z Heinz & Neumann |, A —AT7 A FRAT > L AHOREHIZIBNT,
{111Y/23 RIS CHEIEMCIE 97 S WD S D Z & 2 L7-[18], L2 FeEo
{111YE3 R FUE, e BRI = 3L F —2ME < B R BHERE ITEN DRI TH 512
b B BIRYRME Y IR LIS N CIIESENRBE O R AL L e D, Zhid,
{111Y/23 B BT DHEALALRR DA LIC L 0 RS S 2Bk & 705 2 & {111}/23 ki
U D RIS DEFDBRIK & Sz, 612, K16 I1RT X 91T, MR
pZARAR 2 B Al 2RISRV T, RIAVE T RN T & DRI THRSERITIZ AL S
D DITKE L ARARLFUT TR0 LBIIAE S AL OHERE D D 70 < | BT Td
BT EWERIT 2 9 2 & B 5 NI 472 [19], & BT KR DWW T,
KR OB LED b L —ANT RO E AT RGE DI, T ERHBTR S iz
[19]. KA =HRGETWIEDOEI Y A F&72D 2 & KT U & DRI OEHENEDN
WKL =FAIZE, BEEICEWEIZ R T Z e oNIcINTVAH[19], b
DR ZHIZ, FCC &RI L UEaITx LT, mBEHEDIRMARIR I KL OISR D&
MNIZEED  JETTAERH O TE D et AT o4, X 1.3 O X 5 ITK R T2 DA 0D R
SNOOHAH[9], L, FHOSCHGHEIC LAV, R T O FIEIC X D9 T ke
BT 2 RFEFNI S HE LN TND EITE R R WIRRICH 5, 4k, R HHE
FAD X0 2 < OMBHT DT i TR R 2 b 508 1 o A2tk 2 B 5 2
IZT2MERDDEBZBILD,

—J7. BCC Hfi&i & & DG BHI G L T h | KRR A 97 & HOTECHGHT & 72
% 2 L N STV 5 [20-23], Mughrabi & Withrich [20]13, {5 27 AgE 95 5T %

2T D o-FRIZIB WV THMETZ L DR R OTRRZEAL N E T ORI E L TR
- 7-



HEHRELDHZEZMELTWVD, S HIT, MR OB GIL, BT DA aki 04
KETGALZEAEAFT D 2R L T\ D, 20 L9 728 A 7 VPG D ki
WAL RIFUC BT BN X ZAIT, K17 DX 5 I28k— U = (Fe-Si) &
&, 7274 MRAT ULV AHIZB W T HBIE I LTV 5H[21], BCC @@ e DI 57
IR RATTREFMAS DL S I Sho2H 5, Mori H[22]1, Fe -3wt%
Si B DI IIEEZ RAF TR OB 2 Fi -~ BE RSB TR O J/fE
RIZ KD B LR S D DIzxt L, IS REEE R CIEZe I3l I N2 no
EaRWE L, ZOREE LT, BRERREHTIE, BE W 2 & Toalkh C Ik
SERE NI D Z L AHIE LT D, Hashimoto H[23]i%, 7 =74 FRAT L
AZENTRE LT, BRI Tt U TR DR SR AL A b O RGREdmaRER  AERL L |
T OIE T & HEIRIRIE AP~ ZORER, W UK E b ORRA Th o THET A
RO LR DAL, RBRWVEANH D Z L R L, R T R
DA FERIRE D T S FHERICKRE R B L KITT L 2M|HNILTWD, Zh
5OBIZEIL, T U F LRFUCONTDORFARLNT b D TH Y | /MR kL A
WZOWTOHAIFHE LTV, S 52, Hashimoto H[23)1%, 7 =74 NRAT
YU AGHOES (112) BRSBTS D957 & FIERUS OV T, 97 & RIS T
Bt L C 45N 7 W EE U I W T EINICIER S D Z & 2B 68T L,
LD X 9512, BCCERBMEHTR L Th., 7 RIER - IR T DRLA O&E
B BN D0 278, RLFER DR DRI T2 HE-53< BCC @B ED
EHFmMEIC LT, S ONITREIFEIRIN TN D,



Fig. 1.5 Fatigue crack nucleation along PSBs and grain boundaries in copper polycrystal
[15].

Stress direction

Fig. 1.6 Scanning electron microscopy (SEM) micrographs of intergranular fatigue cracks
nucleated and propagated in the coarse-grained aluminum specimens cyclically deformed at
0. = 15.5 MPa [19].



Fig. 1.7 SEM micrographs of surface cracks induced by crystal deformation during
low-cycle fatigue [21].
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1.2.2 KL FGE £ DN

1950 AEAR LA, HEMASER B O FFICER U CAE U 2R URAT, RLURE &, KRS
B REIN R EORLRAE TR T 2 L AR O R et O L AR T
FORGOEERPED 1 O ThH D, FC, IR Z >RSI ET OB R Fi %
BT R DRBITAFT T~ POREEMEIE LT SN 24 —ATF 1 bR A
T VAR LT, ZE TULREICE W RSN EEFEENER RO LND L HIT
7o TS, DT KRR TS RIS R L ORIRE S R EIh oMz
B9 2 W28 2580 5T 5, 1970 BRI, 1.8 IR X 92T 2 =7 LU
mb B 2 I T2 BRREROBFZEI d0 N C L RLSYBE B LRI S AR o 7 (6 72 D PR N SRR L7
NHI I3 B LVELL O X 9 et fibi L 7 o & DRI SRR &SR L TR
BHZ TR T 2 ERHLNCENTZ[24], E 612, ZhbomiE, RX ECR Lk
R L F— ERFFRR A ZEOBUR[SIC B RIE L THEY | KT 3 F—DRR
EEMEENREL 2o TNDZ ENbhD,

Z D& IR EEROMIZEIC X VS S T R 2 R @B ORISR A OZAIZ K D
it i B R O PR S R LR LB 2 ERED b Tnd, ZHET, T
BULIRIEIC X0 | S O BES AL BE R O TR AN ST HARFEE K R r %
—DA—=ATF A FRAT L AH[11,26-28]. = v 7 VE4[28]7 Lokt LT, R R
THOMAIZ LV EENRKE S ET5Z ERREIN TS, 2D DT
BESIAREE S DA LV | IR 0L F =R T do 2 {111}/53 KSR OAFAESE %
80 %LL EIZE THIMEE A Z LI LTV D, BlxiE, West & Was (X, #hEAH
7 SUS316L A7 v L Al & = v 7 )V EAEG 4 690 DRSS B EFIL RIS 5
AN FE S R TR TR L o CRIBICIER S iz 2 L 2GR L7-[28], =X
T, Saito HIFFH-E A~ ABREEICE S5 SUS3LEL A — AT F A FRAT L A
DG EIHNZ T DR R TF O H oA ArEEZ#E LT 5[29].

E BT, RIAAEBRIE, SRS BMEINTT & SRR EIERE T 5 2 &
WL VR END Xy T —ZIZioTe/—al—varryaktALt LTRID D
SFEmMOZETHDH, LimA- T, Lim & Watanabe[30] B3 B FHAIIC R L= L 912 T
LB MR OEREME DESEINIC L 5T S —a L— 3 3 VRIS S SRR
Z X0 IEREICHIEEC X 2 RN B 5, Palumbo 5 [31]35 & UF Schuh & [10]13EEiHATIC

2IRTEBIRIWRITLORFR Ry NI — 2B A/ N —a b — g VHERIZHOWT, 2-
.11.



FEANC 23 MR 2 BB L CTIFE L C& 7o, 30 offRIC L uE, —av
— g UHRHLODEOE-CSL R AR K223 (n=1,2,3) DXl % & D% IR R & 50% ~T75%
WMATHZEICED | RIASILDOREBEZZTOTWT U X LRRDORy NU—T %45
Wrd2Z LN&TE D, i TIE, Tsurekawa 5[11]3 L O Michiuchi 5271, 4 —
AT FA RRAT U VAHD T B DRFRF >y N U — 712 Ko THIE S 4L 5 RS
BONR—aL—2 3 JCOWTHIE LT, TROHOIFZEICEY, M19ITRSND &

I, TUHALRIR XY NI =T DR—al—2 g VOBMEL 25878 %2 E TIK
SRR R O FAESIE 2B (E7213T 0 X DRIROIFEMEE 2K 22 % £ TIKF)
SHLZEICED, AT A FRAT VU LV AHOMRE BT RE <M ETS
ZEAB LM ENTERT).

AT, ZAE LD S o Rt 1) B3 B R 0L % B R L TR AR o0 A
DOFFAM - HIHE0 O BEEMEAFERE S A, FEEEIBFEDMT L TV 5[32,33]2%, £72% Dl
T EDOMESLITITE > THRVY, S DIT, 57 2Rk 2 R TR O 22 M8 221 AT
b KRS BID DM BHFEIC K E 72 B A RITT 2 EAVRB I N TV D2, Z O
IR T DRI £ 728 H AL TR0,
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Fig. 1.8 Misorientation dependence of (a) grain boundary energy [25] and (b) intergranular

corrosion [24] in aluminum bicrystals with [110] rotation axis.
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Fig. 1.9 (a) Relationship between percolation probability of random boundaries and
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SUS316 base material (BM) and grain boundary engineered material (GBEM) during
sulfate-sulfuric acid test [27].
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1.3 BHFZED B/

INFETHEATELDIZ, KA LFONIEE, KRR X T/ F—DFCCER
MEICHL=v T NVEEEB I VA —AT A FRAT VL RAIHICK L THED B
T&E Tz, A, EFE KM= R LF = BRI LT ORI TS B LB ERR
B BARFESHL S, FTLOA ) RX— 3 VORIRIZ O R 5 6 O & HIFFT
X5, ZORMDEOIT, AFIETIE, BCCHEEDGBMEITCHDL 7 =T bRAT
VLAHNCIER Ls, 7294 FRAT UL RHIL. TEMEOBANSITA—RAT S
A RRAT VLV AHIZE DN, LT AZLE LTHEAEBEL WD =y r v eEE
RN ED D S E LRI OBLANDRER AT v MDD, AT TiE, B8 A
— N —FHFCBNTHEA—=R=T =T A FRAT LV AHOBRFERED L TN D,
R TS PP v & R 3 FENL S v, RIS SO IT Rtk o) Es R S h

U, AMELOH LWISHOERE»N S Lo LS5,

RIS BIZONW T, R R F —ORIFUT EEW it a2 R~ 3 2 &2 FCC &8
2R L THE SR TW5,BCC B ICB W T b B R L X — Tl &MEA2 MBI TE %
bDEEBEZOND, —T7, WITMEEIT, KR F—721F T <, PSBs B L UIL
T &R ORI E I BR OB E R ZITH b D EEZ b, FRZ BCC 4B T
(T < TRV R LBEHENTHZ LD FCC ERMEHCB T A 2 E TOMAEZD

FHHTHZ LITTERY,

FZTAME TR, 7254 FRAT L ZHORFMFETH 5 SUSA30 8 430k
E LTI UDIZE A 7 N5 RO & R KIE TR D B2 3%

MZFA~DZ 2B E LTz, RICHDILTZH RICIEDS E @A 7 VI J7 i O H)
12 K 2 RHFMMEO T D ORLRMMIAR ORE 21T 0, & HIT, FEHME L RRE RO
M ES < RFMALD T2 ORLFMARRLRRHIE 7 2 & 2 (2BE3 2 AR 2152,
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1.4 BFFEDORERR

ABFGEIE, 7 =T A FRAT L AMDORFFMLD T ORI TS BT
P AT 2EEEHAES D LA ANE LT D, BB L ECARIIROMmE. 5
2 BIZBW TR B 2 FEBRTIEZ R _T-%, 3T TR A 7 V&R
DGR RETRIR OB A | 5 4 3l sy & R R IZ I 5 ko SMH#L Ak o 5 &
ZREMICIES TR Z 1A BT 2 1o o ORISR A B O ST D, I BI, F
5 CITRLIUE 36 L OE YA 27 VI 7R o Wil A 2h 7ok U 4 15 2 7=
DB 7 B 22 /itd 5, %6 Hid, AR TH LN/ CTh D, LLTFICANIE
O BARI IR IENE % 77T

1.4.1 RLFYR TS X RIS RIE SRR DR

553 BT, SUS430 7 = T A RRAT v L ABIDE A 7 WV K D & Pk
R RAF TR OERE % | KR OFEKE & BT FRIBLE (B R 2 Y CTTERMICHA S
T D, TIRD SUS4A30 Sl A VARV L 7= 1%, Fx OIS IIRIED STt o
IR TR ATV, IR TT & RO % 1% )7 HGEL A 7#R 2147 (Electron backscatter
diffraction, EBSD) & (233 < fdib 5L H BhARHTZE & (Orientation imaging microscopy,
OIM) FRHTIZ & 0 FFAl L 72k SScHIRELRR & BIEAH T TS MIC T 2, IS Ao
TR RAE TS L~V DB STk R B, b R 57 & 2Rk R FUPE RS
FFHEIZOWTERBMICHAND, 51T, EROBM SRR O il LT PSBs
& DRMIFHIBELRIC OV TRENCI A~ D, DN HAN G FCC B EHI BT 5
W57 & ZUBRL DY A & DA 1T BCC & B IO 97 & BRI BT AR O &
M EERT D, BT, 72T bRAT VLRSI D959 X 2 A 072
D ORI A 2T D,

1.4.2 895 & FERIZKIT TR AR RR D &

BCIE, SUS4A30 Sf¥E 57 & ZLEE I RIZ TR OB L | RO & X 2
DA FHIBI RIS K OR A ZHAICERZ S TTHLNIT S, 22T ¥
7 EHERDZ DB AT KN LT, RFTHY 7 & 2RI L O
JRHEE DZALZ OIM fEHTIC K 0 3FM L 7ok S ikt ik & BRe (i TR+ %, 13U

DOIT, P55 & R ST TIE) LIV D, LD XD RISHFFCE
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WTRLADHEBERKRE S RDDNEFIND, 197 & HOERRIEIZ KT IR DB
BRI RAERS F X ORISR O B2 AELE T B U CRllid 5, JRETAO 700 97 & Stk ik
JEMN, BIRB L ORI R ZEHROREL LD X 5 IC% T TET 500 &S,
BONTMAIZESE T 2 T4 FRAT VL ABON 57 & S REE 2 KT S 845
Y G I R e S R

1.4.3SUS430 AT > L AFDRF LD 7= ORI HIHE 7" 0 & X ORRES

555 FTIE, SUSA30 Sl &t A 7 VST &R UG £ OINHI 0> 7= 6D ok FLHIE 7
T A DEAFEE 2 I TEVLEEIZ X BRR T2, s IS B W Tl BRI ANRE E D 7
ALZEL R L7 B R S8 5 Z LI L 0 | SMEE ORARIR I L USSR 2
BT LIEEBET %, mE TROMGMEELE & £ D% OGS EVLELSA: 2 KA1
TS5 2 L2 X 0L IOV T, OIM FRHTIC X 0 R SRR % &
BEIIZRHMET 5, S 512, SUS430 SICISIT 20 ks X ORI VB &I BV T,
T B DRIRDESRIE L 70D T EIER L, T v F DRI O ZERME 0 72 3 AR
e M OFHMIICAWSND 77 7 ZVRITIC LV BB LT 28 LW TFiE2
ET 5,
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B2E EBRHIE

21 W=

AWFFENT KR T RIS E T =T A FRAT L AP OIR TR & W FUSE £ 2 30
T2 LICLDEHFMEOT o RAEMNLTHZ EEHE LTS,

RETI (CAHFFECHE L7z SUS430 7 = 7 4 hR AT > L ORI &
O R EREAN G, 3B E U GERE L2 RIZOW TR RS, F I, AR5
DRRIZ DT> THF—U— R ERDRROSFEFEIZ OV TEEICR N5, =1
KR T2 BT P28 Tl £ ENEA O % b o TR OVERE O [ E RS R 2
RF =2 L LTETEND, LR o> T, RAOMRERETANIICI T Db BE
IREBRITIEE 729, AW TIE, 1990 FRICHH¥E S 7z EBSD HIZEIC S < OIM fi#
Hri&i&E[34, 35] % W TR DIRIE 21T o 7o, & 2 CH =1, AREEEZ VTR
PIETTE, B LUK O 538 TR B D BRI 12>V TREIZ IR~ 2,
HAZIT ABFZEIZ BV TH 72BN DR O 22 [ A AT ORI WS 7 Z
7 ZNEHTIZOWT, £ O & T T iEIZ DWW TR~ 5%,
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2.2 BPOERE

2T L ZHIE, 1S0 Bk (1SO 15510)35 L OVH AT ¥4 (IS G 0203)I2 3T,
RFEA 1.2mass LA T, 7 oLk 105mass % L EEDERAEE L EHESN, BN
MEMLRT, A7 VAL, RESHDETDHLEI7 B LCNRDOT =T 4 FRAT
YL AW ESRNT YA FRAT VA, 7 v ==y 7 (CrNI)RDA— T T
A FRAT LA EHTHELR AT L RO A FEFEICSE SN D, THEMEICE L
TIE, 7B b—=y TNVRAT VAL, 78 L5RAT L AGNT LA~ TERLTWY
Do El-. WML /0L —=9 P VRAT VL AHBENR TS, LILARNDL,
T7xT4 NRAT UV LVRHIE, VT AZNLVTHIL=y TN EZERNEND, 40—
AT FA FRAT VA ATEMTH Y | RBWZIRRZ G T 5 L0 ) R b &
5o Flo. W OPDEEDA—AT T A FRAT VLV AFICB W TR E 22 D157
B~ VT YA FERRITZ, 7= T4 FRAT ULV ABTIIAE LW Z &b EIHIN
THOBEP L LA THD L EX D, 2O, EAGHO X 52 5RO =01,
7274 FRAT U AHOMEMER FICBET AR ED SN TS, ZTHET,
72 T4 FRAT UV ABOEMER BT, EICHEIERINC LV IThivTE Ty
%[36], RIS TS MHEMEDF EIX, &8It DU E & 22 W BB Bty
ThHoHZENDH, BROZ LWHKRICEWTIL, JLREIEOE D b BERBINIC /2
HHDEEZOBND, AW TIX, 7= 74 FRAT LV ABORRHIENCEE T 515
WEH AL L2 HINE LT, REMFECTH S SUSA30 23kt LTHWD Z &
& L7z, SUS430 #illE, HHED Crafa&E (17 masskw) #2771 FMRAT
YL ZETH Y | X421 D Fe-Cr It R FEHRREM[37)I/ RSN D L D12, |l &
BETT7 274 MARRDHERF SNLD, LIRS T, IR BAEZOSmIZE > TH 7
T4 MAERTDAT LV AMTH D, BENLEMN, FEMRER LOFEM
R EMRIAVEIFCHER SN TN D, REEERN—RLLTE DT =T FRAT Y
L ZGANBHIE STV D,
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Fig. 2.1 Fe-Cr phase diagram [37].
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2.3 RO

PR OMEREIET, X 2.2 1IZHEEAIITR Lic & 9 1B 2 2 DG aLRLF O 8 % AL
BIfRIC Ko CRELS SN D, RIFAARI L2 EE DY 15°LL T ORI A RIS &
FREIL, RIS R AF—DRVKRIR EEZ SN D, ZO X D IR AR FUTHERNL R
F o T, FIREEAL D JE B TZE OfEDN R S D, K 2.3 1%, RARAR DR E
TNOWAIKTH 5o BIRGALAEME O, S5ALO/N—H— AT [V b, $xhL ORKE D
DORNITRADRERR B 5,

o="11 (2-1)

L7eRo T, N—=H—AX7 "L b ZA&FHELORE K 0.25nm FREE, #5605 D
2D EVWBNECRWIRROMFEZ 2~3 R & AU ABL Y TR S 5 kL
RIGNEZZOD EIRITA) 15°L 52 Hivd,

— 7 BRI A FEN 15° K 0 K& WRIFUT B AR & TN 5, mARIRIL,
PR DR BN EIIREE DGR D BT 7 LR (K 2.4Y) & FEEH S M kL
R —OhiF L | K O A MR (ElERE 3 L OREEMA)ICH 0 | JEHIRY 72
JRFBLA 2 & B R L F— MBS ISR & FEIEN SRR b S D
(B4 2.5) , xSRI OREERY 72 JE IV A R THRIE & L CEEE WO ER AV HLD, =
I, R dR DB T 5 5t F O AL OERFE L O s L TER S D,
ZIE, X 2.5 1%<001>#if[7] ¥V |2 53.13°[F[#5 L THF B 55 SHSHLR O TH 5,
UZIBNT, — DDA T O HFIZITIR 2 5 & £4L, 2D 5 HO LEMHE LT
Wa, 3726, XGSERIE U5 THh 0I5 KSR & TS, SRR TH-TH
SEDRRKREL 2D LT U FLRIR & DFEDZEN /NS 72D, 2D, HIETIEY
FRICEROH HTMEE L TE29 FTERISRIAN L LTI 5> ORI 72 0 D
2 5[38,39], & Z T, AWEIZHWNTH OIM FEHTICEE L C2fED ERAZX29 £ T
TE O THFUAS DRI 21T - 7o 736, XIS OB 2 HALEAMRIE, [hkI]Z [EldsH)
LT HAEODRRRDLE ., [BlEA 0L SMEIZLL F D (2-2) s L 2-3) A TR D,

1 Z & NRLXE R E BRI X IR TS OIS RN 2, X 2-3 1XFH O 729
DB TH B,
-20.



@=2tan"(Ry/x) (2-2)

T=x?+R?y? (2-3)

ZIZ T, RE(W+KHP)TH Y . x B Oy 13K TH S, #ilE L C<111>[aldxm| 2 %t
L CRHE SNz [AliRf0 & S A 3 2.1 1277,

KPRLFL & U T OHEIT, IEMEZR ISR DENS T NIRRT L Th
RLFUZ ZIREEZANEA S D T LT KD | =)L — A2 E 7Rk IRL A 0D J8) i i i
EHRFTHZENTE D, RIFURNIZ K > THI D 2 & O TE 5 TNAD EIRAG X,
Brandon (2 & - TH(2-4) TH 2 51TV 5[40],

15°

AG, = 5172

(2-4)

SEDN NS WA E, RIS OEANIC L > THI D Z LD TEX DR RKOTIAIX
REL 2D, —RITT & DRI & SHRRLR OHEIL, Kokawa © 234248 L 72 xhii s
ALBEERD D DI RO TIAAG KT DT IAAODI(AOIAG), Vi@ 2 Brandon tb
b L lAThbi[41],

A6

AGy(Z) (RPIRLSL) (2-5)
A6O o1

A6, (2)

(T v & LK) (2-6)
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Grain 1 Grain 2

Fig. 2.4 Schematic illustration of atomic model of random boundary.
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Coincidence Site Lattice
Coincidence Site

Fig. 2.5 Schematic illustration of atomic model of {111}/Z5 CSL boundary.

Table 2.1  Occurrence of CSL boundaries (£ = 21) for <111> rotation axis.

<111>

21.79

27.80

38.21

46.83

60.00

73.17

81.79

92.20

98.21

120.00

141.79

147.80

158.21
166.83

Rl |, |OOW|OW | W]IO |IN|IN|W|P>|lO|IN]|]©
galw IO |lwWwWIMNMNOWIFRP|ITWIFL]IFRP]IFP]IRFP]RE
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2.4 FEG-SEM/EBSD fBHTIZ & 5 R SRASHIRE AR 24t

FHAMEIO R I31E, 2 < OFEERL TR SN DS CH Y | B DMK %
b o Fo AR RIINAS 3 YROTZER] T HWTHERE LTV D, 1984 4242, BUL KOS AR
(2 X0 B S TR R E AN D <t L DRI T ) R EIBRFE 7' = & A Tl
FrE D MRS 22 b DG SRLIY 0D fF LA (R SMEAK 53 A ) o0 il 2 T B 7k A o B Y
ELTER HlL T, FFEDOMME L ORIR DD J7 R RS D K 9 72,
L0 BEME 7R MG AR DB A S — 2 L — 2 a3 V1011420 B L N7 T U H L
[13,14) Dt FiEZ W TIThIL TS, 2O X 912, R THIZ K DB EHBE TS
(2N TR, RGO i BRI 2SS AT R T b 20 R AHIRR O & Bz B0
TIE, 1F U DIl 2 OFEARLO TFALMFATIC L 0 | Bz L7z 2 D ORS KL T AL EAGR )
B RLFUERE DIRTE Z2AT 9 737 FBHI X LT, B EINS53 R B o R 5 oo ik % (7]
ET2FEE LT, 7b 7 ZA5EEH O 10pm FREE ORI INR i SR O 7 % ks A
INOZELDFERRLIZ DWW THIE T & 2 EAE FBMEE T v o1 v 72—
>(Scanning Electron Microscopy/ Electron Channeling Pattern, SEM/ECP)7%7% 1980 A-1X;
(2B STc, ZRG e B ORI MRS 7340 & /L 7 etk 2 BNEAT T 72 A gE, 8 KO
B F AR R O IR R BT 2R F IO N TE 72, L L., fEdlkiAs
Y7 X7 1 o LUF OGRS SRR 2 T 5556 B LU ZEOBHIHAR O
FH - E BRI FHm AN L EE e BT IE, ECP IETORMFRED M, FEHEIC X 2T
D7 DIRFFEBIZR R & 23 6 DESRITH IS L EARVIRILIZ R > T&E /2, b
DORIEZ RS 5 FiEE LT, 1990 FR5E T, & 7 HGELE F#r A EBSD)IC
S HdR AL B EVIRATLEE (OIM) 23 B % S 417-[34,35],

ARRFGENT I T DA shi 70 B BYEAT Tl MWV fRRE A 15 D 2 ¢ PR S ik iR
B8 A 2 L7z B NL AT B o Ak AR EE 1 WA E (Field emission gun-scanning
electron microscope (FEG-SEM), SU-5000 )(Z TSL #:#dD OIM & FEIEI D it o
AT KEMIA TR E A VT2, FEG-SEM/EBSD/OIM & A7 A DAL Z X 2.6 12
Y, AEETIL, BBRIEE )OS0 EBSD N Y — U AH0t A7 U — v &
HWEH AT B LT a—ZIZMYiATeZ &IZ8 - T, BECREsa 0L 2 RT3
5o ENTED, [X2.7@)F LU(b)IE BCC ABOE Y 75 v inb B EBSD /<
S— 2 L ZNTHREBS T LTERERO—BITdH 5, EBSD O HULLE D EEHD 2K H 77
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WY 2, F£72. OIMIT X 2 HAHITREE 13K 0.1°Th 5,

ARAEE TITE AR L E I L > T, B REZ TORE LI EERRETE—
LEROED ZLIZED | EHICREIR I ORI A T 5 Z N TE D, £
DOFEFR L EEMRZ & OfRmIT —F 2 RNABO T ) v RTERRTHZ EIZLY,
[l — i a b oTe KA Y v RPEELHEEE OOk LTHET L2 L
INTED, K28DEDBRIERITNA A —VEFERTHZ ENARETHD, AR
TlE. 6 DLL EDORGE RN DRER S LD Ik A —DOfEahL & U TRl L, fEtaa

DECHEZ B BRN T2,

CHE TORA TEDOWFZEIC I T, HMHE R RRIRARRIA (213, F72R 5%
B2 b ORI O OTFAESEEE 2 FFt Iz £ & D 7ok APER 434 (Grain boundary
character distribution, GBCD) 35 X ON&72 P& 22 & DRSS BN £ D 5 12adifs L
TWD DM Z Rk FOEREM:  (Grain boundary connectivity) 36 J2 OVKE AU A3 /7l 72

IR L CEMPEMICED XD ICEE L TV D0 E R TR &M S A & (Grain
boundary geometrical distribution) 72 E232M8 SV TWA[L], ZivE TORS LFICH
WTiE, 2?0955 GBCD DFfIHNZ DWW T bFFENHED i, DL 7 Ktk D
M AN THDLZEHREINTETND, £ T, AUFEIZHBN TS KRR
RO FFAMIA F- & LTy 7 GBCD Z ¥l L7z,

Fig. 2.6 FEG-SEM/EBSD/OIM system.
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1Q - 794.23 Cl - 0.800 @l = 2897

Fig. 2.7 EBSD pattern taken from a grain in bcc polycrystalline material: (a) Captured
EBSP and (b) Indexed pattern.

1 scan step

boundary levels: 2.0° 15.0°

B —
450.0 pm = 30 steps Shaded 1Q 133..965

Fig. 2.8 Reconstruction of orientation image of grain structure.
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2.5 77 7 Z NN ES R O 22 ST 2R 5340 O 3

BB DR FS L O OFMIIC kI L, 77 7 2V OISHBED S Tnb, 77
7 B iE, 1970 FR % 12 Mandelbrot (2 K - THE 2 b2 & OEETH 5[43].
LERROR, WM EEMERCIRERIT H-0ICRBSNZb D THY . HEM
LB LV RESIT b, 777 ZNAVOFMETIX, 77 7 ZVIRoG & FET 5 FIE%E
BROWGTTREAFRT, K291%, = vRiif L I RENLR T 7 7 2 VIR
Thsd, ZOayRHRT, LAROBITE 35D LIZKS L, ZDOEAF DS &
FRLT, ZNERLE IO 2 R TIE=ARORMLZIED LD IZE I M H1EE%E
BOIETZEICEVELNDIRETH D, ZORE, K%L &aEIE N oIk OB
BRbHoHEE, TDOT7 T ZNVKRTEIER-TNANTHEZBND,

D = log N/log L (2-7)

2y AR TR, KoEIE3 THY . 2T 412> T Db,

D =log 4/log 3 =1.26

L7220 126 RITDHETH D LIS 5,

U 7 2B OBy Dviie EOFERIE. B ICIT A CAREME A R Tz
B, BRLEESEESHEEBERICH D Z D, TREICH SR D%
EHEOZ N T T ANOMEEIER LU CGRHET 22 N TES, 22k, U
TARMREO 7 T 7 X ARTEE, 110 205 1.30 Ko, B LUK OF S mvuiE 1.30
125 1.80 ot & FE H LTV 5 [44],

777 BNRITERD DHFEIE, (1) Ar—VEE (2) =1k 3) Ry
7 AHY Ly ME, (4) BRI, (5) ERERE, BXOY (6) %R ML
ENR®HBHIA5], ZDH 6, ) Ry 7 A vy MEZ, BEED—D>THLHA, OIM
fEATY 7 MC R OREIN DR R~ v T T — 2 BT — 2 LT 52 LIk by B
P CEDZ &b, Ry 7 AT METIEL, 52Nk E —LDOES LOR
Y I ATEN, TOBREBEI Ry 7 AOHNEZHRD, LOMEEEZ THYVIEL N
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B, MEORRRNG 7 Z 7 ZNVIRITCERDD B D TH D, X210 1%, Zifdh= v
TIAZBNT, RERBICB G ORI L 70D T L X DRIRNRDL D 2GRy hT—7
DH L, AROEREMEE B2 O (Maximum random boundary connectivity, MRBC) (2
DNT, Ry 7 AB Ty MEZEHA LIZHERO—HITHH[46), L WIS R5HI1FE
NLAKREL D Z RN D, 2y ARMHROEE LRI, L & NL)DORHIZ(2-8)=
DRI T 5 & & MRBC IZH OB Z > Z L1725, Z 2T, Drid MRBC
DT7T 7 ENKRITEEE 2D, LIzhi->T, MRBC ®~7 7 % LIk5E Drid, logN(L) &
logL DREFRICH T D EARDOEZ NHR9)AXD I HITKRD DL Z ENTE S,

N(L)>=LPr (2-8)
__ logN(L)
PR logl (2-9)
1
< T N V< I V< I

Fig. 2.9 Construction of Koch curve.
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Fig. 2.10 Example of box counting method for fractal analysis of MRBC [46].
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BIE KRG E KBRS RIE SRR ORE

3.1 %

ke B EIO @A 7 OVIE SIS 1T DRI OEENZ OV TIL, 1980 1%
PR NED LN TET, HLIETHIRATZ LB, ZULOMEIL, T30 %
23 B i 72 FCC 4B )@ & W02 T o4, 1990 4E4RIZ1E Neumann & D 7 /L— 71 &
ST, RS . RRIZBES ARG EE I & 9 57 & R D BIFR 3R S #172[18,47], 2000
FERIZIE, Kaneko 5[48]. Zhang 5[49-52]10 7 /L — 712 L V) | S5 A I E R
PERE DR L0 3 s N7 SN TE I, L Len b, 3730 RA3iHER BCC
BRBITKTT DT TR T 2 EITIT LA LR AROEEREEEZ LN
%, BCC @J& DI IR DMEN 6 L Tid, #IH S[53]IC & % Fe-Si A4 Tk
HENZRET 2ME N H Y . e FEORMNEL A ST, FEXM T 1L F— 2l
W92 Z LI kD, B FERAROTZREN DY | Y7 & SR AR E — R )
DRINIEEE — NIZBB T EBRRINT0D, LLBRRL BIfEETOLE A,
KL fUER & BT 1) 72 BCC @ BRI OKI R T2 B3 5818, FE DM DR Y
W, BIAR T2 TEOBH OF B L LT, BCC & @M EIOR % 55 & ORI
FOFTRIMERE OB A EEANCH B NMCT 5 2 ik, RiREEE - B~ o' 20k
NEAZXF LT, BEERAMMENGE LN b OWRFTE D,

AMFFE T, SUSA30 Sl oD &t 1 7 V55 skt DRl i #1i > SEM #i%% & EBSD
HIEIZ R0 ORI 57 E WL DT KIETRIFER DB 2 E 'R 6T 5 2
LR AMET D, WIT, RO FRIBLE & BB 0 7k JOUS i & B 2
HONCT 5, EHIT, FCC &)@ L ik L7-56 0, BCC @BICB T DR oH|
DEEMEZRETT D, FOATCHRN G @A 7 VI GTREERNHI D 72 8 O KL SR
Hilk 2 a3 2,

il

e

7
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3.2 EBR G

3.2.1 SUS430 AT v L A D RRE SRR L & 57 R r D fER
AMFFETIEL, K31 ITRTEES 160 mm, 15 40 mm, JEX 3mm D~FiEE $ D SUSA30
7274 NRAT UL AHIOG M & HFH & LTz, SUS430 27 o L A SR ES
DALFALAUTER 3.1 DAY Th D, AM 2 ERE LT 2 2 L 2 B E LT,
X 3.2 1o d T v o BMoEZER (KDF-75 &) %4 L, £ 10 Pa l25| 2= HZeH
[ZEBW\ T, 1273K (1000°C) C 64.8ks (18h) D5l TEEMAALALEE L 7=, BLELE DR
BtOREITT A Y —#L (#100) THIE L, REOMILA r—V &2 RE LT,

20mm

Fig. 3.1 SUS430 stainless steel sheet used in the present work.

Table 3.1 Chemical composition of SUS430 stainless steel specimen.
Element Cc Si Mn P S Cr Ni Fe
(%) 0.04 0.23 053 0.028 0.002 1649 0.17 Bal.

A 7 NSRRI A, K33 () OREICRT L9, F— VRS, BS
10mm E3mMmMBEIPVEE 28mm & 725 X HICV A v —@EN LA AW TEI L
72o K33 (b) [FIMILEDOHBRA DERTH D,

SEM/EBSD/OIM fi#ATIZ & 2 ¥ 55 5k Bt O3Bk i 2R 11 12 %9~ 2 BHEARL AR R EA 0D 72 6
95 57 BT O F 1 & KL EE#100 7> H#1500 £ TOT A U —fk A IV THFEE L 7=, ki1
PEO5 pm ETOXA FVEL AT Y =& HWTATHBEEZITWEEICME BTz, &
bz, K34 DL IRTERERE HWT, Wi & mERBOMRMEL 3: 1 (g
308 me, WHEFEEL 92 mt) L 78D KO ICIRA LB TT <. ERIKIRE 277 K, &
VL E 9.2 mA/mm? DT 40 s OEFEITEE 21T > 72, [X13.3 (b) IXEMIFER DR
BRADEETHD, ZIC, GRFFEBITMBBIEOOIZ, E7ERHOBRICEELY
FIE S WRREEIZRE O T2,
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Fig. 3.2 Vacuum furnace (DENKEN, KDF-75 type) for solution treatment of SUS430

stainless steel sheet.

—Z1
(@)
o
12 10 12
50 | t=2.8mm

(b)

Fig. 3.3 The shape and dimension of the SUS430 specimen for high cycle fatigue test.

Fig. 3.4 Electrolytic polishing system for microstructure observations.
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322 &Y A 7 VEGRE
A 7 VSRR I AEER T T T - 725 [ 9ERER IC X 0 15 & 40 7= SUS430 SilaER o

RIS — SR OT Bl 2 X 3.5 123, AR A DO RRIG )36 L OFKR SR T)
X, TAEI 312 MPa 3 L1464 MPa & RAED LTz, T b DEICESE &Y 7
IV G BR DI 1 M 2 R TE L T2,

w7 VR GTRBRIE. X 3.6 (R R U TR — AR L —  (EHF-EB2-10L
) ZAWT, =ik, RRT TIT o7z, ISEE A B, /NG & R RIGT Dk
Th OIS ZSIR—FIROIS AL 722 X 91201 & L, IS /1RIE % 146 MPa 7)»
5 188 MPa £ TORIPHIZA L S, AMTAEE 10Hz & L TREREZ1T > 72,

500

\
/

w
o
o

T

N

o

o
L

Nominal stress, c/MPa
o
o

0 0.1 02 03 0.4 05
Nominal strain,&

Fig. 3.5 Nominal stress-nominal strain curve of SUS430 stainless steel specimen.

Fig. 3.6 Servo-hydraulic machine (Shimadzu Servopulser, EHF-EB2-10L) employed for
high-cycle fatigue tests of SUS430 specimens.
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3.2.3 BV A 7 VEFRERE ORBR BT ARAMEEDORIEFE
X1 3.7 1%, @A 7 G5 X0 Bl U 7=5RBR i O£ E O OIM itz L W &

7= (Inverse pole figure, IPF) (23 < fEdbki 5 (IPF) ~ v 7B L OFRE S
NIZRLROFEE 2 R TR~ v T O—FITh 5, IPF~ v FIZBWT, bl
b tld, FMAMIIR LI AT VA =MD ALK LTS Bav7e it is L
TW5, it~ FZBWNT, RRITT ok, RRKAMIC R LIED T —N—
DENTKIG LIRS 2R LT D,

PEITRBRIE IRV TH I RET R TOREERLITISN T, FEARIN OERALE DK &
E B L VWS R O S REOM N Z KT 5 X 5 BT 72 H AL D%
i3/ S <R AMERS & EREICTRE CE 7o, E 612, RO TAORE L ol
it LI U TR, £ ORGSR D TALRNT T — 2 D 9 B[ EBSD /X% — OEE D
S &9 Image quality (1Q) il & FFAZf#HT DIEHEME DR & Z 7= 3 Confidence index
(C) ED3 R RLFSE ORI E SO TG T — 4 & AT, BT 5 2 SOfbiki o
FAet AL BAER 2 BB KR D D Z LT L RIS 2 FIE Lz, ABFZETIE, F—0%K
FRBRRMIHK U, BEOBRBTICOWTHRBREIT) 2 Lc Ly, otk L
RLFUERS D BIFR % E EAICFHE L7,

Type of GBs
- [
- 33
5
- Y7
e 29
z11
wes ¥13a
= ¥13b
= Y15
= ¥17a
= ¥17b
= Y192
= 319b
= Y2]a
= ¥21b
- Y23
= ¥25a
= ¥25b
= ¥27a
= ¥27b
m ¥29a
= ¥29b

= R

111

101

Fig. 3.7 Example of grain orientation micrograph and grain boundary micrograph for
fatigued SUS430 specimen.
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3.3 EBRHERBLOER
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Fig. 3.8 Microstructure of SUS430 stainless steel specimen: (a) optical micrograph, (b)
grain boundary micrograph and IPF obtained by OIM analysis, (c) grain size distribution and
(d) grain boundary character distribution (GBCD). The SUS430 stainless steel specimen had
an equiaxed grain structure with an average grain size of 38 um and had a high fraction of
random boundaries of 89 %.
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Fig. 3.9 (a) S-N curve of SUS430 stainless steel specimens and (b) SEM micrographs of
fatigue cracks observed in the specimen surface fatigued at different stress amplitudes (i) oz =
157 MPa, (ii) oz = 167 MPa and (iii) ca = 178 MPa. The intergranular fatigue cracks
nucleated when the specimen subjected to cyclic deformation at low stress amplitude of 157
MPa. The fatigue cracks were propagated perpendicular to stress direction regardless of
microstructure in the range of higher stress amplitude.
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Fig. 3.10 SEM micrographs of intergranular fatigue cracks nucleated and propagated in the

specimens cyclically deformed at oz = 157 MPa. Intergranular fatigue cracks were
preferentially nucleated at random boundaries.
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Fig. 3.11 Relationship between the fraction of fatigue crack nucleation and the type of grain
boundaries. 94 % of intergranular fatigue cracks were nucleated at random boundaries, while
the cracks were never nucleated at low-angle boundaries.
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Fig. 3.12 The number of intergranular cracking as a function of the angle between the traces
of grain boundaries on the specimen surface and the stress axis. The nucleation of
intergranular fatigue cracks is little affected by the geometrical configuration of grain
boundary plane to the stress axis in our present observations in SUS430 stainless steel.
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Fig. 3.13 Effect of the angle between the trace of grain boundaries on the specimen surface
and the PSBs in the neighboring grains on the intergranular cracking. The fatigue cracks were
preferentially nucleated at the grain boundaries with the larger angle to PSBs in the
neighboring grains.
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Fig. 3.14 Schematic illustrations of intergranular fatigue crack nucleation in SUS430
stainless steel specimens with (a) conventional GB microstructure and (b) grain boundary
engineering (GBE) microstructure.
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Fig. 4.1 The shape and dimensions of the CT specimen for fatigue crack propagation test.
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Fig. 4.2 Schematic illustration of the experimental set-up used for in-situ observations of
fatigue crack propagation. The in-situ observations of fatigue crack were made using
2D-motion capture system consisting of a CCD camera mounting a high magnification long
lens, a computer with an A/D converter and a video capture card, and a monitor.
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Fig. 4.3 Evaluation method of type of grain boundaries around fatigue crack path in
SUS430 stainless steel specimen: (a) image quality micrograph, (b) grain orientation (inverse
pole figure, IPF) micrograph, (c) grain boundary micrograph with strain in grain interior and
(d) grain boundary micrograph without strain in grain interior. The crack path was indicated
by yellow dashed lines in Fig. 4.3 (a).
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Fig. 4.4 (a) Relationship between the crack propagation rate, da/dN and the stress intensity
factor range, AK, and (b) optical micrographs of the path of fatigue crack propagation in the
SUS430 stainless steel specimens subjected to crack propagation tests at different stress
conditions. The ratio of intergranular fracture to the overall fracture path was increased with
decreasing stress intensity factor range. The branching of fatigue crack more frequently
occurred at the specimens subjected to fatigue crack propagation tests at lower stress intensity
factor range. The width of zigzag path of transgranular cracks were increased with increasing
stress intensity factor range.
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Fig. 4.5 Relationship between the ratio of intergranular fracture path to overall crack path
and the stress intensity factor range. The ratio of intergranular fracture path was increased up
to 60 % when the stress intensity factor range lowered to less than 40 MPa m*2,
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Fig. 4.6 Image quality (IQ) micrograph, inverse pole figure (IPF) micrograph and grain
boundary micrograph around the fatigue crack in SUS430 steel. The deflection and branching
of fatigue crack was affected by grain boundary depending on their character.

3

.57.



433 EHEHORFTHEREEIZRIETRABIURR=EADEE

AREITIX, SUS430 AT > L ABIIC IS 1T 29 57 & RME R O JR T2 bIZ KIE T
BRI DR A T S 2N T B 721D, IS & SR O % OSB 24 R & EBSD
BEI L0 15 57k AL R & 2 BIEAT T CREE T %,

X 4.7 1%, 957 & ZRBEGEEE ORI 1 mm (272 5 FEIRIC OV T OB 5 =
Bt~ v 7 BEONZ O OB IS U7 57 & SR O R 72 s B2 b o
WElZR LB Th b, 91 (4.7 DES) (T8 50 LRI IZAK = 35
MPa m2Th 2, X 4.7()DNCFIAMEEEE Cld, i L CHIE T X 7oy & Stk
DZOLBE DR 2 HHR, AR K LES 1,000 VA 27 WEONE 2 BAR, fE
EA LV VEOMTIRLTWD, £, RBFEOSHIETIZ, CCD A AT L PCE=H
—OEAIZEY | —FEIZZDOGBIE TE L EHRIDREKRTH 0.15 mm IZHIR S5,
T XN PCE=Z =S T L—AT T NTARNCRBRO RS ME L 2 5,
E R 2 TR Lo, T OLRBIEOAERE & 7 4+ — 0 ZAOFHED T2 O (i
WCEEDPOE T A 7 NVEET DI OBIREN TERWERDBEL D, £ 2 TH 4.7()
BRUO) T, ZNOORBIEFEBOA A=V RS TORLT,

e gy & FUERGEEE Y, AR SO (T b BIE MR RREEIF O R) 124k
T, HFHIZHEINT b TIERenZ &3 0o05d, KATC)DORKE TIh-TlsD X 91z, F
WCRLRUZIR - TR T 5 S /PRI —FH RIS EET D & SHERITHE T A 7 1
iz o T L, 397 & M EE X RFTMICEL 72 o7, X 4.7(0)D gi-g1s 1X. #
RPN S RDPER LR CTh D, B g O K O M KFESRIN T, &R
HEE T RTINS LT, Z O, [F—&fE T 7 - 7o OB T OB R Ric ks
WTHRETH -7z, EHIT, B GB1-GB; TIX., 7 vV LR RZ R L L TR &
PHERE LT, BRI GBLB LN GBa IR END L H 12, T v & LRI - TR =
HPERT D56, € OEFEOMKERNNE ERT 2551, EREE TR
W 2560857, M ATOIIRESNTRA —EHAONOEE EHOT 2 LKL
FUCHER U7 2 HO iR 215 kISR & B Ee ki f = H R B LIRS 5 & |
THUTKR —EHAONL FHDO T o ¥ LRI h-> TR L, ERHDB KL, 20
FES. TRIK GBs T, = ZMERHE VIR T Lz,

TR RITTRIR O AL S HITREICIHMET 272910, K481, XV &

SO % ZHRIE DBUERAE B L AU KIS L & 58 R FE 0 SR ITi 7 25k % % L 7o i
.58.



RO~ a9, X 4.8 OBIEMERIT. X 47@DAEMOEE O EICHIZDH, 22
TlE, X 4.8@)DLEMIIR SN T BWIRR O E Z X R E S a=0 OfLE & L THXE
LTCW5, [X4.8(2) OMFHEMBTEENTIZ, 500 VA 7 VA0 X S R IEREZ (O
MCAR LT, £z, LIMEARA, S+HEMEIIHSRA, R IXT U F DRRTHDH Z
Ex L RBLORIL, TR EIRITUEES JORINIREIC L0 AR ER L2 L %
BERL TS,

IO D L 912, FADEZ LD TITRI 2 BE Y] - THE S RIN 2 £ R 3 2 fHi C
(T, EREREEITRITHIHM L7, #EEOB LI VO@D X 512, 1#97 & TR
D—FFNZ T o DRI O % & A T2 T, & SO RS 13N Lz, S0
EolT, TRUEMATO R ICRE LY D & & S ZT RIS ER L,
EREEIMET Uiz, K48 IR L7eBLIEIZB W T, RIFUTTR o T2 97 & Kootk
(X7 FLRFUIB W TORBIRE S L, G —O0 X 5 I & KB OITEFITE3, £7
BRUZ9 ISR DELE L7258 BB SN2, 20D OXFISRI AN & R IR I
705 Z LiF o7, FCCABIZOWTIE, Vinogradov & [65]12 & - THKLIL 239
5 ERRBEI e BN LRI TE 22, BCC A B Th H SUSA30 AT o L A
IZHNT b AR 3 57 & SLE R IR 22 & 22 W ATREM O VR STz, 7eds, ARBIE
il FTIE FPE AR HPH ASAK = 35 MPa mY2 D 25 F T 97 & ZE R O Z OB 21T
ST 3ODRBA DI BLO 1L OOFRETH LM, o 2 SRETICENTH, FHHE
SR\ KT T IR R D S B L RER DB AT 8> > 72,

7o, AL THE S NI TR 7R 7 & REREE I MAT TR OB SV T,
ZIETICHAE SN TE - FCC i SUS304 Sl %3 % & 4l66] & [k DIz
bote, LinL, Wit ZE L72GA. 102 < 030 208 & A EMEC /e
% BCC @ SUS430 #il Tl hrift 2 R 5 & = DRI K 5 & R oMl %)
R SUS304 FHOG AT~V NE L 7rofe, EHIZ, WikfElE b T v & LRI -
ORISR YA U 72 I C I, RE P RBE oD BRI b~ C & G Ji el B VR AT A L g
L7728, Z ORI SUS430 £ i SUS304 8 L v K< 2oz,

.59.



3
5
7
9
11
13

color X
Bl L

=, 20 —
» 2 ¥ (=} el S
> 1= o)
— - — =
7 P > o
T Ny Ry
IR EES Y R SR =
B\ ‘,' = —'};\ - f a0
A S
AL SRS ) 2
b i % )
S - —_t v
p % j 2 o0 %, &
o)), ()
NI s ik L 4T
r} fu -’.‘ S o ‘ N . OIE\ -
,‘A x:«fl Offi é
"4 T 77 Q{l A
%) N
. ] 50 =
0 j S
) m lf? 420
@ S o
- 5 ~
Y
: A s
Q
@ €N
: 3 ':' — O& oS' w
= . oS
o a |e
.“g . - ( M i m(\l
OD 1 Q{« _fﬁ O
m =F::==========================
= ~
o =l - -' {EEESSESSSSSSSSSEESSESS wiEEES
a g IT\L~~ : ¥ 3 \¢‘* % : = e =
o |4 -ﬂ[,ﬁ.@j h & L R m
O | AN N ; " &)
cc = Y N EEEEEEECEEEEEEEEEEEEEEED
Ll
Q 1 1 1 1 1 o

wvi <t on N - O

yder3omomu jeondg  ydersororw go sa[oko/wiw (O X/ Up/vp

~ ~ —~
< Na Q
e A N’

Fig. 4.7 Optical micrograph and GB micrograph around the fatigue crack path and local
crack propagation rate in SUS430 stainless steel specimen subjected to fatigue crack
propagation test at the stress intensity factor range of 35 MPa mY2 The fatigue crack
propagation was inhibited for a while by arrangement of triple junctions. The local
propagation rate of fatigue crack along random boundaries was larger than that of crack
across neighboring grain.
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Fig. 4.8 Optical micrograph showing grain boundary character around the fatigue crack path
and local crack propagation rate at same region in SUS430 stainless steel specimen subjected
to fatigue crack propagation test. The crack propagation was locally inhibited when the crack
across X9 CSL boundaries. The propagation rate of fatigue crack increased when the crack
propagated along random boundaries.
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Local propagation rate of fatigue crack
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Fig. 4.9 Schematic illustration of effect of grain boundary microstructure on local
propagation rate of fatigue crack. Fatigue crack propagation rate is locally inhibited by
arrangement of low-angle and low-X CSL boundaries and branching of crack path. Triple
junctions inhibit the propagation of fatigue crack.
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Fig. 5.1 The specimen enclosed in a SiOz glass tube with 8 mm in the internal
diameter and 70 mm in the length in a vacuum of 10 Pa.
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Fig. 5.2 X-ray diffractometer employed for evaluation of surface orientation
distribution of the cold rolled SUS430 specimens.
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(b) Sampling of RBSD (c) Fractal analysis of RBSD
by box counting method

Fig. 5.3 Method of fractal analysis of RBSD
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Fig. 5.4 XRD profile of specimen before cold-rolling and cold rolled up to 80 %, 90%, 95%
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(a) Initial microstructure (Solution treatment)

(b) Cold rolling: 95 % in reduction ratio
Annealing: T=473 K, t =720 ks (200 h)

Rolling direction
g >

Fig. 5.5 IPF maps and IPFs for (a) initial specimen before cold-rolling and (b) specimen
subjected to cold rolling and subsequent annealing at 473 K for 720 ks.

532 FREmBVLHEIZHES ESMBORE
5.6 3 LXK 5.8 1'%, FH 24 SUS430 $ilaAER /& 95 % F CTHMELE L7-%. 1073
K T120s 75 54 ks & THASMBWIE4 A Z LIk GEon-H BRF DR 5250
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Fig. 5.6 IPF maps of SUS430 specimens subjected to cold rolling to 95 % and subsequent
annealing at 1073 K for different times. In these regions, the {111} recrystallization texture
developed during annealing.
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Fig. 5.7

5.6.
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Fig. 5.8 IPF maps of SUS430 specimens subjected to cold rolling to 95 % and subsequent
annealing at 1073 K for different times. In these regions, the {112} recrystallization texture
developed during annealing.
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Fig. 5.9
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annealing at 1073 K for different times. These IPFs correspond to IPF maps shown in Fig.
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Fig. 5.10 Grain size distribution of SUS430 specimens subjected to cold rolling to 95 % and
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Fig.5.11 Relationship between average grain size and annealing time in SUS430 specimens
annealed at 1073 K.
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Fig. 5.12 GB maps of SUS430 specimens subjected to cold rolling to 95 % and subsequent
annealing at 1073 K for different times. These GB maps correspond to IPF maps shown in Fig.
5.6.
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Fig. 5.14 GBCDs of SUS430 specimens subjected to cold rolling to 95 % and subsequent
annealing at 1073 K for different times. These results correspond to the results shown in Fig.
5.12 and Fig. 5.13.
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Fig. 5.15 Relationship between fraction of grain boundaries and annealing time in SUS430
stainless steel specimens: (a) low-angle boundaries, (b) £3-X29 CSL boundaries and (c)
random boundaries.
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Fig. 5.16 Sampling of RBSDs from grain boundary maps of SUS430 specimens.
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