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Fig. 1-5. 10-hour stress rupture strength of platinum alloys at various temperatures[14].
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Table 1-1. Zirconia concentration, average inter-dispersoid distance and grain aspect ratio[22].

Average
mter-dispersoid | Grain Aspect Ratio
distance (um)

L-GAR-0.14 0.55 3.8

L-GAR-0.41 0.51 3.7

L-GAR-0.16 0.34 7.9
Stress direction 3

(a) L-GAR-0.14 (b) L-GAR-0.41 (c) H-GAR-0.16

Fig. 1-6. Cross section after fatigue test at 1200°C[22].
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Fig. 1-7. S-N curves at 1200°C[22].
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Fig. 1-8. OM micrographs of broken edges of ODS alloy after fatigue tests at 1400°C[23].
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Fig. 1-9. Rupture time-stress relationships for fatigue and creep tests at 1400°C[23].

-11-



1.4 Haa @0 iR Bd DiEEp]

LNLRR D, WTHOBHERFI I T b FERRITIEITE T 7151 9%-5 | 3R A7 B AR &
2o TEY, EBEON T AMERM CAM SNDIG R, B2, A2 —7—%2F75H
BHEGHBRIBNT, BT T AONEIZL L7 =TI & A% —F —DEEBIT L
DAL DR LTS DM AEDLIND KO BRGELEIRMENPRESBR LD, £
LOFMTINIEHTLHZ L IRNETH D, LA —T—%2 AT 505 RARICE
% Fpn Tl & 2T 2 720I121E, ASAEEOIRIMITETFETILLAADZ &, i
NS ST E O IRINTE T RHE L LT 5 2 ENMEL DR, ZbIZHE
T OMFEFERNL RN, RS, Bl 13E S L7z miR T ST IR WL, sz kb s
V—7"b, #RUMTIC L2 @mIEREY &l AaGbInemiis V=757 bz 58
ZUTEL, FaTHAELWIELSETLH 5.

— 5T, BEAEUNOERBITHE VT, B S BoRbEa0 7 U — 7 ReE[24-2710m
IR F7RPE[28-301721F T2 <, 7 U — TR GRFIEICBE 3 2 801 & 27 E T H. 22T
%, AU OERIZONT, B et &R O T2 U — 7 7RI B3 200158
FHIB1-40]DH D> BN OO ERICNAE AR~ % . K. Yagi H1E, SUS304 i 2 H VT faf 5 il
WDy ) —7 LB O 57 & & QBN RS HRUC T Y U — 7 ENEH % /it
L7z, 723, WBREEL 600°CH LT 700°C, fEGMAITEN M TH S, {HLNTRERICD
WTHIBRERIR L OOF @S EIEE O TER UMR, WrRENES G AI
HRFME & DI THME & FRMESIZIE B L7=h, 7V —THENMESRGEITEFF
CHiRHIiE & BITERANC R M5 Z & A ONIT Le., 2, maEiyE» Mo
KFEEBLTWNR2NWZDTHD LRI L TUVWAH[33]. M. Yamauchi 513 316FR $fid 7 U —
TR DA E L VRARICT 5720, 7 U — TR RIE TR RSO P
DNWTHELTWD. 22k, RBEEIT 550°C, WEAGMIZET M THL. TORE, 7V
— TR A L B TR 0.5 LT TR L L2 &R0, WEfTHE R Tl 715 &

7 V) — GO BRI E NI RS L2 W ASEMEERERI CIIRNL T 5 2 & 826

-12-



1.4 Haa @0 iR Bd DiEEp]

MM LTV BH[36]. K. Miyamoto & (% Ni 254 HR6W D27 U —7, B LN U — 7
Jraklp e i L, BERREORNETRo7 . 2ok, RBRIEEIL 750°C, 7 AIXiEhT 1A
T 5. BEEBROBRFNIE & ITBELEYT (EBSD) Ex2HWTER Y, fdkhiAE LR
HOBMRIZOWNWTELE LT\ D. RFTHNZE%7~7 KAM (Kernel Average Misorientation) ~
Y Inn, 7 V=7, 7 U =R L b, BEBERT DI TRFULE; T KAM
ERERFTL2ZEEZHALNILTEY, ZhbZxHT22E& TV =780 ) —7
RGN TE D AEEMEIRIB SN TWA[38]. DX HIT, HxRTEICL-TZY
—TEFFECB T HFMTRBRFTIN TN DD, ERWThoREFICE N THMES
FXEL S RO A TH D Z &0, WHIBED A 7 VBN DinnwZ &, 7 ) —THEOH
BHEPRERBEIC LD bDTHL Z L l, EBEORMBOFEMASIMITENS D LIEF 2T,
FEZHEMTUISAT HIIEERFIEE LTEERER S L VWA 5. £, Fm TRl
Fik L UTHRIBHEEGRICEIEH R, O3 i o#ikl Efx RTFERRRINLTND
HOD, MHERRBRAEIC L > THEATE LR RONTEY, ZNENDFRMIZ ThE
RFEERH LTS BERHD W2 D, —J7, S Taira HiFX¥ —EUEIZAMIILD I
DM 2 BEICHBT 5720, 7 MICEIRIS ) 2 A L7RdS ki Ui IS 7) &2 A
LHEMARRL, B2 U —7 B EF L TR 21772 > TV 5. 13Cr #l & VT 450°C D5
R TR AT o 7o 3, $RB RIS ISR LT IS 280 5 2 & CREIN iy A3 el
T2 &, BR LIS IRMb S Z LT, MEOEIZ LY 7 U =7 OFHMmldb 35 2
L EEIRLTWA[39]. ZDERFIEICOWVTUIEBRORMOM ALV EEZ BN
D, WHEEA B =X ARZDOFMTRNEZON TSR SN TN D LIEE 2720,
ZDEHIT, ALAELSOMEHCE L TIiZy U — 7972 AR5 RI 0 < S
FETDHO0, A7 ARERMHER SN ASERICEOEFHAT L2013 L&
ExbD. 61T, LRRhgER el oRERS L, RO T ARERH IR 5 et e

DERGEMHCENT, REE LD RE LTURENETOND. Eit, A@tetUso s Y

13-



1.4 Haa @0 iR Bd DiEEp]

— WG\ CBET DRI RN TR, RBRIEE DY 450°C 5 T50°CRE L > TV D, 2
UL, A7 VAR Ni AR EOMHREICBIT 28R %E T & LTEGAS, 38R
HEATETDHE, T/ Tald 0400506 RELRD. —FHT, H7ARERMIZHNTH
GEANER SN DIREKIT 12000C0 5 1700°CREE TH Y, T/Twld 0.69 205 0.93 121
T 5. BlZIE, 1400CORERTHEHA SN AZ =T —2 AT 50860 /{ERO%E, T
/TmlE0.79 L7205, ZOXHI, HHINDRELSANRKRESERL120, MOGEICE
T ORISR R S ITE CDMWIEA D = XL B L[N+ 2B 2 6ND. £DD, T
7 A BERE CTH SN D Bea &0 EM L Fm TR 21T O 7oDI2iE, EBROBEMFMI

R TORHITFIES, £ ORRICESWIZHEM T HEDOHNL LA VLE TH DL LWV A D.
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1.5 ABFZED B

1.5 A#ZED B

Bt Rt Aen U A, H 7 AREIZB O CRICEIRIRE D R D H 5
PRSI E LCTHER SN TV D, L LA D, TOMET -2 1T+oTidnl, flx
IR Z =7 =247 5006 AROFEmMmTHZERIZITO Z LIFRETHL. 22T
ARFFETIE, EFLO &5 el R BT D5 TRIZ FTRRICT 2720, Bibaioaika
&n Yy AEEO SR FECE R L TR 21T o7

ZIZTET, BIMHOBEEAen U AE6e0 1400CI2RT 2 @ikt g7 — 4 &
BST56Z2 8, BEOZEDOBIEA =X LEZWHOLNITHZ EE2HE —OHBE Lz, KRIZ,
FEEOB A ST WS L LT, 1400°CIS THIIG ) & 15 U 7o i i (P 57 7 — & 2 1t
BL, ZOMBEA = XL ERLNCT LI EEFE _OHNE Lz, £ L TREICIE, %
RS DEMENEAL LT 338 OREEE A 7 = R LAOBEIZOWTELE L, WS %21 5405

ik Ben Yy AGEOEIRMITETICB T 2HF M PHELHIT 52 L2 AN E T 5.
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1.6 AGm L ORERL

1.6 AFRILDORERL

AR 7 EOER SN TEY, B 1 BCTIIAMIEEOE 5B L O ROZEER], B
78 HHJIZ DWW Tk 7=,

52 BT, MEITHEEE U 72 filis /) & 1 B rT R 22 mn ah (5 77 s AL & O 2L & R
%, B IO OIS IPREEDFENT I W= A TR EFRIEFENTIZ OV TRl 2k~ 7=,

#3 ETIE, BB baen U0 L5480 1400°CI 1T 2 sl il 5 77 3R R
L, BIXOZOWEEA =X LZHOWTHREAZINZT-.

554 E T, 1400°CIT381T 2 FEE Y m Ol ) 2 52 0T 2wl R SR R AR L, £
DIEHER T = A B DWW CTHBRERIEMNT 2 W TE R 2T oo, £z, HEAE OIS
H %30T iRl I7 IR T D Fm T HIEIC OV T b 2 A 7.

%5 BTIE, 1400°CIZR T 2 i 57 BRI B W\ TR HHlIG /1 &2 5 LT3 L
7o FEBAER AL, miR e 57 R S AT T S KA IS DWW T BN LT, E 7z,
iRBEE R L ORREREMATIC L VIEA D =X L 2B 6L, WIS Z25%T 5 mik
HTE G712 D Fm T NG A RE L.

%6 BETIX, 5 mTIRE LHMTRNED LM R O ER EFEIC O W TR

L7, EETIC LD TFHREN 7 V=T HFMIIKETEE, 8L ) -7 5 THEEG

%

P ERIR 57 AR AT TR O W CRIl L 72/ R 2R L, B8z~

FTETE, AFETELNTNRELRIGL, Mamzns Lz
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2.1 RABRA

BLE EBRIE

21 RBA
2.1.1  HEEREF

AL TP & LT, 0.16Wt% D b o =7 ARRLIRL 1% i L T2 B42-10% 1 2
LE4: (FKS®Rigilit®; Umicore AG & Co. KG) MW, Z 2T, SEITMEIC CTER LA
W[ & e A - BEE (STEM) THIZE Lo D% Fig. 2-1 (2R 77[23]. AHFFETH
W EERBIZ BV T Fig. 2-1 L RERIC UV 2 =0 A ERL -3 B L2 ¥ —12mBEh

TWDERFRBIE I TWD. F7o, RFEMDMEAEIL Table 2-1 13380 THD.

Zirconium oxide particles

Fig. 2-1. STEM image of dispersed zirconium oxide particles[23].

Table 2-1. Mechanical Properties of ODS Pt—10%Rh.

Tensile Young's )
Temperature Poisson’s
Strength Modulus ]
[°C] ratio
[MPa] [GPa]
20 430.5 200 0.261
1400 71.5 122 0.247
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2.1 RABRA

AR A OWTIE, Fig. 222 (IR T XD IZES 0.8mm (JEEMN T S Lz FM Ik LTV
—HEMLARL, ®iRER552IC R BEHALIRE Lz, O, ELES W
DNERER A ORI & MEIT/R D X O LA Lz, 2, EEOBFTIETHYOND
FABRRIZRBWNT, EESRARROME GRS L TEE L R>TWD T — A2 8E L
oD ThD. £, TNTORBRAIIIMNILRZIZ 1300°CT 1 KEO7 =—L &3 L, ft

kg & L7z,

t=0.8mm A

o0
HI ——

48 24, 63

F 1
k4
F Y
F

k

I
L

Fig. 2-2. Shape of the specimen.

2.1.2 AR

FRBRF OFESRIECTOIR 2 MR T 2 720, RS OB 21T - 7o, MRkBIZIC SV T,
YT ET A Y —H (#600,#800, #1200) 35 X U8 DP-Spray P, lpm  (Struers #2) (& THFEE L
THEIRAEIC L7, Fig. 2-3 ORI & 9 k@ z W CEff~ v F o 708
1T 9 CEOREBPIRZ R LT WIREBIZ L TiTo 72, e, =y F U 7HRIE, K
97.5ml, #E{kF R~ YU 7L 37.5g, Ml 30ml TR L, ZIREFRIC TH 7L OEGE DK
0.015A/mm? & 72 5 £ Th- < V&L LT 7%IC3 nHEET L2 & Ty F o7z
1To7. UL 2 Y 7V ihi L7-#, Fig. 2-4 (R E2IAMEEIC X 281538 L O\ Fig.
2-5 (2”9 EBSD fitfr &2 W TRl AL 2 lES 5 & & THUMMBIZ 21T 72. E£72, EBSD

TEIZOWTIE Fig. 2-6 (T4 & 912, K9 7001 R L2 ilBREIC E F A A5 &, &
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2.1 HB A
FIXIEHAMESEEL L, A 58 S0nm LU F O ARSIk L CHEIPTE 78 GEHER) 2MES
na.

TNEMTT 5 2 & THBIO G AIREL 725 FHETH 5.

Power supply
Sample

Platinum electrode

Glass beaker

s

J

Fig. 2-3. Schematic of etching equipment.

NAARRRY
\
WA

\

\.

N
m*\

Fig.2-10 Video Microscope.

Fig. 2-4. Optical microscope.

Fig.2-3 Electron BackScatter Diffraction device.
Fig. 2-5. Electron backscatter diffraction device.
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2.1 RABRA

Electron back scatter diffraction

Pole piece

Sample

Kikuchi pattern

Fig. 2-6. Schematic illustration of EBSD.

ZOEIIT LTy F o 7B A L 72 DA BME L OV EBSD k2 W THlE ©
IToleftiR % Fig. 2-7 (7. MR LV, ARBR A ORG Sk A XIXES T Mk L€
Bt pm, F S I EA~200pum FRETH Y, HEIEIC XV SR A5 BT S
NIZRIEIRTH D Z E 3R S iz, £7-, EBSD Efgh 5 HIE L 7= skl i o s i
KIfR1X 29.7um Tho7-. £ LT, FERHNLIET VX LRIRRETH Y, WERRETHD Z

LR LT,
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2.1 RABrA

Fig. 2-7. Observations of the test piece. (a) Metal structure observed by optical microscopy. (b)
Inverse pole figure(IPF) map obtained by EBSD analysis indicating the crystallographic

orientation to the normal to each plane.
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2.2 IS ) & AT 5 RTRE 2R i P 5 AR BR A O A S

2.2 BG4 5 AR 2R iR ih R 5T BB DO RE 5L
221 HBREOBE

AR L VO Y 7 AR (PTF-160 ; TOKYO KOKICO.LTD.) % VY, FERR O
WOEWEREZ BT 572010 Do duEz T2 -7 £, fBRA o f i Bt
U 7T URBAMB S ROBZF2HE LT R HOFLEMATES LT, EEORK
fif L [AZED 1400°C 122> b —/L LN bkl e Eiinlfe L L7z, £72, Fig. 2-8 IR T X
DNHEID Fr & 882 K0 5I8R Y, F/NET) (omin) & LT EDENE S &5 S 7ok E
IZCTHHIRY Ok Ul IS /1ikiE (o) 252252 & T, EHREISEVS K Tl %
179 Z LW ARERARBCR AR L7, T OB, Jig BT 2 AT CRAIZEE L
TWD23, Jig A TR A O EFIZ 0.1mm OFRARRIT 5 2 & TG IZIFHER LT,
Fig. 2-8 OB T (A), (B), (C) IZBWTAM SNDIGIPREEIE, RBRA & Hiik ik &
RE LTe%E Fig. 2.9 [T HAK D L 51> THY, IS IR ARIND Z &Ik -T
FRER RRICE RIS IR S, FHR 0 TR Cd o T bR FIIRIE 7 R DAL
KoTHRZL., T7hbb, BlIERMA (A) TIHIEIIH R>0 OFR-SIRAROMER L, HE
e (B) TIXBUSIC KL D —EME, EMEEM (C) TG R < 0 OFIR-EME AT
DR L L 72 %, 705, Aib L7z &3 Y Fig 2-9 1TakBR T &2 SR & E LT JR J1IRE T H
D, BB Ko TIBHEERZ AU 5720, B DICTIRIEL 725 Z L ITHEE N MET
b5, TOLIITLUTHEELZRBEOT E% Fig. 2-10 1277, BBREEICOWTIEEER
THNOEHA TR LSBRAL, AHFETIE, #hiL LT 0MPa (515D 72 L), 3.9MPa,
15MPa, 23.4MPa @ 4 S/ CRBRZ FEH LTI, HlG /7 3.9MPa A3 F2ERD R 12T S
Lo TWD. 2 TRBRICHWIEEIBIZEEROBHRAELG L C 2 I8 % & [RERD IETX
KThHy, B L - ThHEZbND. £, MR FTORBRTHY, 7V —TDOEET
P 55 FF A SRR AEME S ELAL 5 ATREME 2N B 2 H D 120 [41], AREREI B, f=5Hz, 12.5Hz,

20Hz @ 3 AR TITVY, RERMEAFHEIZ DWW T ET 21T o 72
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2.2 WSS AT 5T e A i il R 5 B O AL

Axial direction

Sress amplitude (o) F -
urnace
(Displacement control by angle)
5 Tig A

Axial stress (o)

Weight

f' B ————r—  Cross-section of
5 (e '-" specimen

Fig. 2-8. Schematic of the bending fatigue test with axial stress.

Bending stress amplitude (o)
% ﬁ /Axial stress (Gmin)
ﬁ A ﬁ AN
E 0 VR\ Time E o Time
o, 3 a,
& Axial stress (Gpin) &
(a) (b)

Axial stress (Gpin)

:: /\ /\ Time
T

Bending stress amplitude (g,)

Applied stress
[=)

(c)

Fig. 2-9. Theoretical images of stress applied to the specimen. (a) Applied stress at position (A).

(b) Applied stress at position (B). (¢) Applied stress at position (C).
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2.2 W) A AT AT RE 2 s i it 1 9 R O

Fig. 2-10. Appearance of the testing equipment.

222 HABRA ORELT

221 TR TIE, PRICRE L7CERIFICZ 0 EBRA O R O FLAFTEOIR
FEZ72 b L 5Zar br— a2 LTS, L LAans, BB OMmEIXFEIMI I S i T
HYPEALRKENZ 000, BB IIIRERBESTN O EBZ N5, RBRAITHAE
THISNZELL RIES 572 OIITRBR A ORESA 2 EMICHEET 2 0ER D L0
AR RO RIE 2 550 L7z, IREERIEICIE Type-R 2VES & vy, Joili 2 i Ttk
JTACHEI S8 C 2.5mm T OBE S, BENLET D £ TR S 5L CIREDARNE %2
177~ 7=, PIE T HEO XK E L OVEHE % Fig. 2-11 (2, £72, RBR A O R H O H.0A8 1400°C
2725 L9 zay ba— v LESASIE N3 BT ORES % Fig. 2-12 1277, Zh
v, ABH O R HOFLE 1400CI2= > hr—L LA, BB O R EHIXSENIC
1300CLL EIZR > TV b DD, TALVIMUTIIRE HREMETFLTWD Z &3k
SNz, ZORERIE 2.4 TRARDISTENTICBE L, BB ICHAET 26 ORI L

7.
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2.2 WSS AT 5T e A i il R 5 B O AL

(a) —224 (b)

Furnace

Aoz Tig ||

. AN
Thermocouple for - : -

Test piece (type R)

Control thermocouple Thermocouple
(type R)

Fig. 2-11. Measurement of temperature distribution of test piece. (a) Schematic of measurement

method, (b) photograph during temperature measurement.

Temperature (°C)
— E —
O 1§
S
P —
——

1050 i / — — \ -
f \.

-30 -20 -10 0 10 20 30
Distance from the center of test piece (mm)

Fig. 2-12. Result of temperature measurement of test piece when controlled its center at 1400°C.
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2.3 HREERA T =X LD

2.3 REA =X L0

AR CIIE LT AMZ @SR T TEX TN 7®, B OEA T =L L LT
TEBEER L O VTR EICE LD 2R ELbND. £ 2 TET, —fRAREY
B KO U — TR A 7 = R BZHOW TR 5.

Fig. 2-13 (2R & 9 IS SRR 13— AR OISR LIS A OVEFICEW R I BV T E AN
FAEL, ISHHMITE LT TR (SREROFE TER), Tl bomEERL
H%iZ, #MOR UISHoxr UCHmE S ICHE R GEILBRE), Tk, RAmmr (FIEH)
L3 ODBBRICHITTEZD LN TEAH[42,43]. 22T, REFHIORTERHDEA
(crack initiation) (Z-OVNTI, MM &R ICH @8 TIIMEDSC R MaZe L il s &
T2—FT, RO DPWEIBOGEIE, FMREOILREI RS & 5 aRiiO TR0 I
KOFRELTANIAR LD AP FAEL, REIZITZECHE) KT XOBBRELND Z
EDRHLNTND. 2ok, KB THO TV B&E@ITHRZZ O WMEITH D Z &)

5, REOTNVEIZLVBE LT NABNOETEHKPBETHEELALND.

Crack mitiation
Intrusion—__} Crack

3 ; ; : w

/ N Crack propagation direction &

- @
Extrusion =
i

£
'.r-|= g 5

I I I =

Fig. 2-13. Schematic of fatigue crack propagation.

06-



2.3 HREERA T =X LD

W, — k727 U —T RO A B = XL ZOWTEAT 5. IR T CERIC—EDIHN
AR LTESEIC, BEARRIE & BITHEIML TWB G A2 7 V=7 LY, 7 ) —7Iz X
STHMBIPBIET 22227 ) —TRELITS. 7 ) =732 o@BMEHZ W T
T/Tm (T 1EALR) 78 04~0.5 DL ETEE L7250, 2L ) — 7 OETEHME DS BIEPED
WREICHEHEINTWDEINE THDH[12]. —EREDO S & T—ERNEMRIZHEDOOT HD
B2 b 2R Lz b0 a7 ) — 7 il LR, oA a6 % Fig. 2-14 (TR$. 7 U —
THIRRE, 7V — 7 HEE D R & & I T DB, 7 U — TR —E & 7r D B,
BEOZ V=T HEPINE LB E D BRBEDOEIC 3 DOERBICH T B, TEER
2 ) — 7 (transient creep) , &% 7 U — 7 (steady state creep) , Iif 2 U — 7 (accelerating creep)
EMEEIND. ENENOERE TA U D BGIN Lk & B4, MPEtOBEN O TE 5.
BB ) — T IENOHERE, BEO ERIC K > TNLTEERE T D720, 7 U — 7 3 E 2R
VI 5. ER 2V — T OB TITHENL O FPREENL O _EFEEB R 5 AR O FZET R Y (Z

PO ERALOTHBKIC L W EEAAE T, ZoEHE EMTHEEAEY &9 2 & TERNREE T

Strain

Transient
creep

: f&cceleratu1g
: Steady state creep :creep
e ‘\_I.ﬁ' N .
¥~ il - -
Time

Fig. 2-14. Schematic of creep curve.
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2.3 HREERA T =X LD

7 V=TT S, IR U — 7 TIRRORIAR ZH AU ZER (Void) MBS, Th
OORRET D Z LISk o THRIBDETT 57207 U —FHEERNEM L, BEICES. 7 U —
TR X0 RISE N A C 556, R —EH R SICAE T SUBRIARA B (wedge type
void) |ZIS TN X 0 S ZMARAE LA EE L CTHEICE S w2y U — 7 (wedge type)
& RIS N0 L0 R LT R F-PI M EM) 72 £ DALEIZF v 7 ¢ (round type void)
MRS FL, ZHUCIR A2 S TR LI RICRI T > Tl L7 7 v 7 7
L THIEICES v B2 U —7 (round type) D 2 DIZHEIND T LR LTV S[44,
45]. w7 UV —7TlX, Fig. 2-15 (a) OBEAKNIRT XL 91, PR =R SOED
&% (wedgetypecrack) RSN D. £/, wio s U —F130E - &isH GEHG) T
BEEICRAET DMERICH DS, —F, Mo s =722 T, Fig.2-15 (b) OEAPITR
FTEOIZ, KA F Yy ET s OREDAOND. e, 1 MO7 ) =73 - RIS (B

Fam) W CHEE IS AT MM

2 : Gram boundaries
Gramn boundaries

S

S

Wedge type Creep void
crack
(a) Wedge type. (b) Round type.

Fig. 2-15. Schematic of grain boundary creep fracture.
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23 HREEA S =X AOfRE

DL ED A E 2, AFZE CTIIREE 2 B = X L OFEM R O 72012, W L=
% LT Fig. 2-16 (ORI EAEFBAMSE (SEM) B KLY, Fig. 2-6 1Z5% L 7GR 2 )
WCTHIEEIT o T2, BREBIEZRIC OV TIE, SEM % W T Fig. 2-17 (a) 127" 7 A N5
BIEREITV, RBRAREOREBOBIZEIC OV TIIEREMSEIC LV Fig. 2-17 (a) (&R T B
FnoBEEEiTo7-. £z, R HEFBMEEE AT Fig.2-17 (b) (T8RS 4 1)
WrLC, XD C FHanbaliFmbimalasd 52 LT, W& ONERIREER KOO
SELERZEICHLAER Lz, 2B C FANOOBIERIZ OV TR, MBI & Rk &I
THHEZATOBRIEIRRBIC LTct:, =y F o7& l, R ZHR L3 < LRIz Tilg

AT/ o7,

Fig. 2-16. Scanning electron microscope.
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(a)

(b)

Fracture surface

Fig. 2-17. Schematic of observation of test piece.
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2.4 ARRESAIEIC K DRSOt

2.4 HREREIC X 2RSS 0T

AMFFETIL 1400°CO R FIZTRER AT O 7o), FEERITHRERA R SRR SN 56 iR
WEARET D LIIRETHD. 22T, RBEPO R HICRET DIENBLOCOT RO
MAF~ND720IZ, ABAQUS Z W THIRESRILIZ L DT 21772 o 72, 7ok, fHTICIE
8 Hisl 6 mAIEME A TR Z VY, MNTET /LIE 5220 His, 3680 EHE CHERKS LD, Fig. 2-

SIVRT XD ICHFM T2 ENC L 12 ETLTHD. A vy at A RO TITRER
AOEFHM%Z Imm R THEIL, EHAIL 12 T MTBNT 4 DOERITHEI L.
£, BESHRAZX S SDOER, 37205 0.lmm I LICHEIZ{Teo7-. I, BESRMC
DWW Fig. 2-19 1R X D IZFERI L2l i OIREICESWORESMZ 5 2, WHEE
DIRERENEE BIE L TR 21T 72072, 7238, WMEEDREEKAENMEIZ DU TIE Table 2-1
IR L72 20°C & 1400°COfE A MR T2 2 & TR Lz, Wi, WlREFE2xR LK%
Fig. 2-20 (27”9, $HSAHIC OV T Fig. 2-8 @ Jig B IZHYS T 58 252 s L, Jig
A BNEEBRORBRG B & FRRICEEBR A O BT 0.1mm (SR A5 T THIRZELE L, 18J7m
DIHF L T D DG FNZITAH LTV ZRVIRRE S Uiz, @i T 5738k 0% iR
WZHOWTIE, R IC K > TR L7aEEZ HWCTEI L. $72bb, BB BRER L2
W EAUE LTEARARNEIS ) & 22 o T D — 07, EBRITITE DIRIRIC & - TITRBR A I RERR
DAEL, SHIZIEERTHL7OICZ V=" EC/[LTD, BEA I =X LDRFO T
(ZHRIEYE 7 ) — TR T L. E OB, BRSO TR L 2R 8 &Nk 5 720, FEH
L72 S-S B ZHWTHT 21772 o 7=, IR KT 1400°CIz3s1T 5| D S-S #RX % Fig. 2-
LITRT. 20 S-SHREZBEECE#EL, 20°CH L 1400COF Z M-+ 5 Z & T
IRERAFIEIC DWW T BB L. AT CITEHR 7 7 7' F A2 ABAQUS & HW T 573,
FEAR SR I T B AR C— %72 von Mises DFFIREIRLZ VY, BEALAINZ I D R LAFE I
BIFOIAT T —WREOBRG A RET L7 0B (LAl ZEHE Lz, £72, 7V —70

T HORERRAUL, SRR ST AMI ] o Ei/NT7 U —TOF HIHEEDRIR N 5K
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2.4 ARRESAIEIC K DRSOt

OI-LLTFOR, (Norton’s law) Z VY, #HXHEE T O E L CREKEE L ZE L.
§=Ag"-eDIT 2.1
ZZT, A n DIFMEHEETH Y, HTICHWTZZINEILOMHIZ A=0.0074, n =428, D=

36900 TH 5.

Fig. 2-18. Analysis model.

Fig. 2-19. Temperature distribution in the specimen based on the measured values.
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2.4 ARRESAIEIC K DRSOt

P Axial stress

Rigid body
(Jig A)

0.1y
; N
Fix v
(Jig B) 0.14
A
Fig. 2-20. Schematic image of the constraint conditions.
500 T T T T
400 .
<
o
= 300 _
(S)
2 200 — T S
7 ---- 1400°C
100 .
|

0 0.05 0.1 0.15 0.2 0.25
Strain, ¢

Fig. 2-21. Stress—strain diagram for the ODS platinum-10 wt% rhodium alloy at room temperature

and 1400 °C.
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3.1

BIE BRYsEGRILEEr DU AEEORBEMITESHEL

FORREERA = X A
3.1 s

1 BT LD, Beaiuabaen U L5630 7 A-EIZB W TRICE
IRIREE DR HADEALIAEEE I & L THA SR TOD. L LARRD, ZOMET—4
TR, Farllz EMICIT) 2 EIEREETH L. FlxiX, A —F—%f(75HH
eEeMEROYE, U7 AONEIC L Z2WISITINA TAZ —7 —OfHE ER T 5
TZNZEAEE DAL 5720, Aea@ilEIRITMR LIS hrnasisnsg. —F5 7T,
b Bt B4n U A2 oW T, %2520 5kt TRRT — 272
FThL, WIS AR L2y, B2 mRR AT ST T — Z 2 oW T EE STV R,
T ZTARETIE, FTBWoEiRiltadea oy A4 B iR R S

ML, ZOMEEA =X N ZONWTHHNEZNZSZ L L L.
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3.2 EBREMHE

PEEAAITIT 2.2.1 T OR LB Btk Ben O A648% W, Fig 2-2 IRLT
L OITES 0.8mm ([ZIEEM L EN2RMITH L TY A P—EMLElE L, miks 5
S R EEZEALRRE Lic, OB, EESmARER R o7 & TEIZR D K91
TN L7z, INTA&ICIT 1300C T 1 o7 =— 2980 L, #alikies L.

COXEIC U TERUZRB AT L, 2.2 & Cil~7- @i ih 79 57 35 2 v T
1400°CORKHNC TRkl P sk 2 65 L7z, 7272 L, Fig. 2-8 LTy, ZZTiX
HHPS IS G- U722 OB 72 i th P 7 ekl & L CERi T 5729, Fig. 3-1 1R T L 9 (25
WZE VDGR WMEL 5 2 D50 ITH Y RV TR A i L7z, E 7z, MR N CoRE BRI
BWTE, 7V =7 ORELZT D & TR FEMICRRIEFAIER BN D ATREMER B 2 5
N5, =T, REREWENL, f=5Hz, 12.5Hz, 20Hz ® 3 0TIV, BERURAEPEIC DWW T
HIRFTEIT o7, 7ok, RERBRICB W TIERER A 235220 0B L7 IRB A & B L7z,
W te OFRER 2OV T, 23 STl X ) IcikmBist, £Rmelgl, WmBlgEsitu,

Tt X = X NDEE LTI~ T

Axial direction
Stress amplitude () Furn;c e
(Displacement control by angle)
lig B X Jig A

Fig. 3-1. Schematic of the bending fatigue test.
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3.3 ERERBIOER

3.3 ERERBLOEE
3.3 miR#TRS RO BB BK N

1400°C O EIR Tz W T, RERJEF S f=5Hz, 12.5Hz, 20Hz O 3 54 Crpii ih 7% 77k
B2 L, R FMMFE (S-Nceurves) ZHUfG L7-#E R4 Fig. 3-2 (-3, Z2°C, fldlx
24 FiTHRATZ L ST, HBRT RN LA & RE L7 (AR IG D HRIE & U, Al 3B
HNERITEE LT BROMBE LA R L TWA. %72, 77 7HICIFTNENOEEKICE
DR R A R L7 IR BRI TN T b, 2k Y, WithoEEkic
BOTHIRIERBEOEE T, WA T 7IZBWTH TR OERER LTINS Z &2
D%, iz, REBRRH OFIHAN TITHEITIRE T A DI TW RV, I, ReEKAFEICBE L
TEOBEEED H7-0IT, Fig. 3-2 (Z3517F 2 BRI O 2 A WriRF I 2848 U TR L 72 2R
% Fig.3-3 O d. 2 Z2°C, KRHKFEOMBAN R Ehot= EET D &, Rl 2 i rn sk
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Fig. 3-2. Results of bending fatigue test at 1400°C. Horizontal axis represents the number of cycles

to failure.
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Fig. 3-3. Results of bending fatigue test at 1400°C. Horizontal axis represents the time to failure.
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(b) Surface observed by optical microscope.

Fig. 3-4. Observation after bending fatigue test (6,=85.4MPa , /=20Hz, N=5.9 X 10°,T/=82.4h).
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Ap——
Axial direction

(b) Surface observed by optical microscope.

Fig. 3-5. Observation after bending fatigue test (6,=114.1MPa , f=20Hz, N=3.6 X 10°,T=4.9h).
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DIEEEZ BN & S Sa & Lz, 72k, 5 B OMEFNERIL, 2.1X10%um?> TH L. £
DO, Fig. 3-6 (R T R OFN T & S 13 Sa=17.2pm Th o7z,
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YT NVDRENZDWTHEHAIL, mIRREDO AL 5B O W T O RE 21T o 72, 78,

AR TN DR SR MEFT b S S HERB T E 270, o w2 A E & L TR

Measurement area

Fig. 3-6. Measurement area of the surface of specimen after bending fatigue test (Axial stress
OMPa,,=85.4MPa, /=20Hz, N=5.9 X 10°,T/=82.4h).
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Axial direction

(c) 60% of fatigue life. (d) 80% of fatigue life.

Fig. 3-7. Surface images at each life consumption observed by SEM (o,=71.0MPa, /=20Hz).
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Fig. 3-8. Cross sectional observation after bending fatigue test at 80% of fatigue life (6,=71.0MPa,
/=20Hz).
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TWDHZENMD., ZOZ L X0, RFUIIHAE L 2 ZTERE T, (58 LIz raetEn%
X HID. ZHUZHOWTIE, RAELOBIEIZLY, A v b TR A% 50 S W7z Ni A
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1EET 5 2 EDNMBINTWD[46]. ZDT2W, ABFFETHW Y nHR (ka7 L
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Fig. 3-9 IZBWTHIFITIZZ UV — 7R A RO SOBD EHDOREITR LR o722 &)
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5, HilI S & AT L2 W B e RN 57 O SE T2 U — TS X D BB AT,
TGO L VBIEICE -T2 b D EBEZ OND. 2D, WMiFEMIZI T 2 R
DINS oo EHERISNS.

PLEDBIZSRIR L, WS 2415 U W B2 @il i Y 55 DSz TR, ISR
BN L O3, REOT R0 EENC LA LI AR - EEH LSRR 5%
LW K0 RIS IR Lo 2 A8, R A T e U CREBTIC = S 2 L 2V &

neklprotz.

Crack growth

Fig. 3-9. Cross-section after bending fatigue test observed by optical microscope (6,~85.4MPa,
f=20Hz, N=5.9 X 10°,T=82.4h).
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Fig. 4-1. Schematic of the uniaxial creep test at 1400°C.
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Fig. 4-2. Uniaxial creep test results obtained at 1400°C.
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Fig. 4-3. Scanning electron microscopy images of the fracture surface for the uniaxial creep test
specimen (¢ = 23.4 MPa, 161.7 h). (a) Whole fracture surface, and (b) a region in Fig. 8 (a) at a

higher magnification.
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Fig. 4-4. Results of bending fatigue test under axial stress of 23.4MPa at 1400°C. Horizontal axis

represents the number of cycles to failure.
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Fig. 4-5. Results of bending fatigue test under axial stress of 23.4MPa at 1400°C. Horizontal axis

represents the time to failure.
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(b) Surface observed by optical microscope.

Fig. 4-6. Observation after bending fatigue test with axial stress 23.4MPa. (o,=17.8MPa , /=20Hz,
N=9.3 X10°, T=130h).
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(b) Surface observed by optical nﬁcrnscﬁpe.

Fig. 4-7. Observation after bending fatigue test with axial stress 23.4MPa (0,~82.9MPa , /=20Hz,
NF1.2X10%, T=1.6h).
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Upper surface = = -

(b)

Fig. 4-8. Cross-sectional observations after bending fatigue test under axial stress at: (a) 6a=17.8

MPa and (b) .= 82.9 MPa.
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Stress [MPa]
(a) 0=17.8 MPa

(b) 0,=36.9MPa < Return >

Higher tensile stress
<Return> i Compressive stress
Higher tensile stress

Fig. 4-9. Stress distributions obtained by FEM analysis at: (a) ca= 17.8 MPa, (b) 0.= 36.9 MPa,

(c) 0=82.9MPa

and (c) 6a= 82.9 MPa. The upper distributions are those for bending and the lower distributions

are those for the return to the initial position.
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Fig. 4-10. Mechanism of high tensile stress remaining inside.
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Fig. 4-11. Stress generated at the center of the direction of thickness according to FEM analysis.
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Fig. 4-12. Relationship between creep rupture time estimated from the stress at the center of the

direction of thickness and the actual failure time.

-62-



43 EERERB L OB

Upper surface ;:,

Fig. 4-13. Cross-sectional image obtained after the bending fatigue test with axial stress (.= 82.9
MPa).
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Fig. 4-14. Schematic of the fracture process.
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Fig. 5-1. Results of bending fatigue test under axial stress of 3.9MPa at 1400°C. Horizontal axis

represents the number of cycles to failure.
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Fig. 5-2. Results of bending fatigue test under axial stress of 3.9MPa at 1400°C. Horizontal axis

represents the time to failure.

-69-



53 EBRERB LB

IZ SEM |2 X 2k miBlEE %,  (b) IO FHMENC K2 KmREBOBISEME L =T, £z,
P L BBRJE R £20Hz 12 TR Z AT 572 b D Th 5.

Fig. 5-3 (a) BX O Fig. 5-4 (a) XV, IHWIEIC L &M iEs /245 L Eii
HFE T RBRICA OGN b O LB LM E R LTV 2 b, RITEFREI
TR -T2 LD, iz, X (b) &V REIZOWTSEERIZE LM A2 A4
DIMNMNBE SN, 2R XY, S 3.9MPa lIZ oW T b Eilis /) & 15 LR VEA & Rk
2, REOT D EINC K VI LT NARIT LV IET SR BAEL, NEICERT 52 &
THEBTCE S Z E NS E otz LinLaans s, wlBk ORI S5 iR AT Tl Fig.
5-3 (a) BLUFig. 54 (a) OFHOILKKNIRT L 9 IR A RORENHER SN, £ 2
T, BHEICRONIZRA RIZOWTRHEMARBE 21T 5 72, &EHIL LT, Fig. 5-3 1R L
ToRBR I3 LG, Fig.2-17 (b) R R O X 5 ISR 2 BT L C, X TP IREHR O
WrEs 4 C s bGP BAMERIC L 0 Bl22 Lo/ R % Fig. 5-5 1T~ 7. 723, Fig.5-5 (a)
IR OB 5 T T DR T v, (b)EBRIE S R E OIERIK T D, F
7=, BBV TIE, 212 IR LE L O ERBEORFICTHEEMBLS IOy F 7
i LT\ 5. Fig.5-5 (a) KV, BWRWIEICASL oA 3Bl sninole. —7
T, W (b) OX I THE AR AR LTl 2 L, RPRAIORT L
ITHREERLSUC AR A ROABIE SN2 200, BB 7 ) —FIC L EERAE LTS Z
LMD,

VL EOBIESRER L0, Bl 39MPa DA TIE, $lhis ) 2415 L Gefk & Rk IC £
DOF Y FEENZ LV IEAE LI NIAFA - 2 EH LICERT 2 LOWMME AT 55 LD, &
R FA - ERT D & THINICEDL Z LR LNICRoTe. £O—FHT, WETIEr o
7Y =TI R DBEEBENTREL TWD ZE bR INT. LR, ZhHDRA
RPRESHEEL TN &, 26O RA RAERE L TWRNT &2 D, kN

LCIRIEREL 5z Tt E2 5.

-70-



53 EBRFERBIOBE

]

(b) Surface observed by optical microscope.

Fig. 5-3. Observation after bending fatigue test with axial stress 3.9MPa (0,~65.4MPa , /=20Hz,
NF~1.4X107,T~197.2h).
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oy e R

(b) Surface observed by optical microscope.

Fig. 5-4. Observation after bending fatigue test with axial stress 3.9MPa (0,=132.0MPa , /=20Hz,
NF1.7X10°, T=2.3h).
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Bottom

(a) Overall view.

Fig. 5-5. Cross-section after bending fatigue test with axial stress 3.9MPa observed by optical
microscope (6,65.4MPa , f=20Hz, N=1.4X 107 ,T=197.2h).
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Fig. 5-6. Results of bending fatigue test under axial stress of 15MPa at 1400°C. Horizontal axis

represents the number of cycles to failure.
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Fig. 5-7. Results of bending fatigue test under axial stress of 15MPa at 1400°C. Horizontal axis

represents the time to failure.
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3

(b) Surface observed by optical microscope.

Fig. 5-8. Observation after bending fatigue test with axial stress 15MPa (0,=53.3MPa , f~=20Hz,
NF=1.7X107, T=160.9h).
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(b) Magnified image of the neutral axis.

Bottom

(a) Overall view.

Fig. 5-9. Cross-section after bending fatigue test with axial stress 3.9MPa observed by optical
microscope (6,=53.3MPa , /=20Hz, N=1.7 X 107 ,T=160.9h).
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PRI T, AREICIE S < IZHONTRERA ORI 20 Xy F o 7K L TEY,
T X BRI OR TR £ THIK 7o o T DL ols, Ry R 72 o0nTiE, Bic
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(a) Fracture surface observed by SEM.

e —
Axial direction

lmm

(b) Surface observed by optical microscope.

Fig. 5-10. Observation after bending fatigue test with axial stress 15MPa (o,=103.5MPa , /=20Hz,
N=6.3 X10%, T=0.8h).
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(b) Magnified image of the neutral axis.

Bottom

(a) Overall view.

Fig. 5-11. Observation after bending fatigue test with axial stress 15MPa (o,=103.5MPa , /=20Hz,
NF=6.3 X104, T=0.8h).

-80-



53 EBRERB LB

5.3.2 TR T SRR RIS RS SRR & EE A = X s D E1L

INETORBFRNG, WS 221T 5Bt Aen 2 U Aaao @RS
PETTIZBNTIE, SIS IR K E < 2R DITHE - THREE A 7 = R APE R D 7 U — T H
BEALEB L TN ZERHERINT. T2 T, K2 OEMICE T 5HEMTHIEIZONTR
AT D720, ETIXTAE TITHE HILAE R A OB U, Wi KA 3 Hilis /) o
B OWTERT LI L L L

1400°C KA, UBRJEIEEL f= 20 Hz (& TRk & 722l /) 2 4 5 U Cl 7 sl 21772 -
T A& Fig. 5-12 (9. 2D ORBRES R IX £ 4L Fig. 3-3, Fig. 4-5, Fig.5-2, Fig, 5-
7 0 BERBRE AL f= 20 Hz TIT R iR AWMV L CR—27 7 7R LIEb D TH 5.
Z 2T, G 7) OMPa [ XEER A AT S L2V EiR T T R R A R LTV DL Aeds, it
il LI U 7= 3R T DR AR XIS LT v o 7SR TN 24T WREH L7z R EHL o0& M
DICTHRIETH D, 7272 LRBRA DER L, BMELRE 2 Z S 7220 LAUE L7256 O
PISHIRIEE L O D, F70, BlEEB R 220 L BRSO M2 & LT d. &
T, ZORRNOEIS NN RE S R DIE EMBHEMPEL /o TWD Z ENRDND. Bk
73 OMPa D56, § 7005 Bl 72 @ L i T 57 BR O B S IRk 4 7 7 7 18 TR B & 72
v, K oEALZEOERH#R AR L TV D, BiSJ12 3.9MPa DI5E S [FAERICER & 72 o
7oD3, WIS TIAY OMPa D354 & i U TENCHFMNE RoTND Z Ehbnole. —
73, SIS TI3 15 36 KUY 23.4MPa DA W 7T 7128\ TS ARG & BT IR ] 23 AR
BIRIC 72 <, JEHRIEDV NS < 72 B2 2N TRl 2 X0 2B 2R LT, Zh
(TG HRIEDY OMPa D5y, T2 b BRSO A% 5 LI5GAIE, #iS k52 U —
WS 2RI L TV Ted b B2 bivd . il 0B % 5 Uiz 6 O
IX Fig. 42 O 7 UV —7HWHRE» LA 5 Z LN TE, #1723 3.9MPa D5 1349
107,000 FE[#], 15MPa DA 13K 800 FEE], 23.4MPa DA 13K 160 Rl & 72 5. T D=0,

S AP RE <72 51 E EREWFMAEL Rolo b BEZBNS.

-81-



53 EBRERB LB

I ||||||I| I ||||Iu I ||||||I| I ||||||I| [T TTTTH

G 0;“7:.}{ gq = 153.71T;70513
S 12 © 4 d"%o..ﬂ -
o N o) ~-® i
N o A4°Hh.
a0
= L. A [f o
= © &
g ™ Axial stress: o 3
% - & 0MPa " A -
b [0 3.9MPa
3 [ A 0
= o @
>

101 | ||||||I| 1 1 |||||I| | ||||||I| 1 1 |||||I| L LI

102 101 100 101 102 103

Time to failure, 7,(h)

Fig. 5-12. Results of the bending fatigue test for different axial stresses at 1400 °C.
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Axial stress :
0 MPa

Axial stress :
3.9 MPa

Agxial stress :
15 MPa

Axial stress :
23.4 MPa

Fig. 5-13. Fracture surface after the bending fatigue test under an axial stress at 1400 °C. (a) axial
stress: 0 MPa, 6,= 114.1 MPa; (b) axial stress: 0 MPa, o,= 56.5 MPa; (c) axial stress: 3.9 MPa, ¢,
=105.1 MPa; (d) axial stress: 3.9 MPa, 6.= 65.4 MPa; (e) Axial stress: 15 MPa, 6,= 78.5 MPa;

(f) axial stress: 15 MPa, 6, =42.1 MPa; (g) Axial stress: 23.4 MPa, 6,= 82.9 MPa; (h) axial stress:
23.4 MPa, 6,= 17.8 MPa.
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e ———— [
(a) Axial stress: 15 MPa

6,=78.5 MPa < Return >

< Bend >

(b) Axial stress : 23.4 MPa
6,60 MPa < Return >

Fig. 5-14. Stress distributions obtained via FEM analysis: (a) axial stress of 15 MPa, o, = 78.5
MPa; (b) axial stress of 23.4 MPa, .= 60 MPa. The upper distributions were obtained during
bending, and the lower distributions were obtained after the test piece was returned to the initial

position.
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i ~ X o0,/65.9MPa il
22 | A c-533Mpa i
B 3 O 6,=42.1MPa O
S = 10 E @ 6,=31.3MPa E
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§: & T A 0
2 8 _ i
&F X
S5 C 7
23 i
Luujf 100 | | ||||||| | | ||||||| | 1 111111
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Actual failure time. T.(h)
Fig. 5-15. Relationship between the creep rupture time estimated from the stress at the center point

of the thickness direction and the actual failure time (axial stress of 15 MPa).
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Fig. 5-16. Fracture surface after the bending fatigue test with an axial stress of 15 MPa: (a) 6,=
53.3 MPa; (b) 6.= 65.9 MPa.
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Fig. 5-17. Stress distributions during the test when the axial stress was 15 MPa, obtained via FEM
analysis: (a) .= 53.3 MPa; (b) 6.= 65.9 MPa. The upper distributions were obtained during
bending, and the lower distributions were obtained after the test piece was returned to the initial

position.
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Fig. 5-18. Calculation position of stress in 25% area.

Table 5-1. Comparison of the generated stress between the center point and the center 25% area.

Axial stress : 23.4 MPa

Axial stress : 15 MPa

Virtual Average Virtual Average
stress . oft.he stress 01;5‘ the| Difference stress pas Oﬂfhe stress 01’% the| Difference
amplitude, eenles point center 25% [%0] amplitude, penles poft center 25% [%0]
G, [MPa] [MPa] area [MPa] G, [MPa] [MPa] area [MPa]
17.8 24.38 24.36 -0.05 31.3 19.54 19.68 0.67
27.1 28.66 28.67 0.04 421 24.49 23.92 -2.35
36.9 34.85 32.99 -5.32 53.3 33.89 29.31 -13.50
60.0 51.08 45.65 -10.63 65.9 45.78 36.49 -20.28
82.9 67.98 56.87 -16.35 78.5 50.93 40.27 -20.93
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Fig. 5-19. Relationship between the creep rupture time estimated from the average stress in the

center 25% area and the actual failure time (axial stress: 23.4 MPa).
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Fig. 5-20. Relationship between the creep rupture time estimated from the average stress in the

center 25% area and the actual failure time (axial stress: 15 MPa).
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Estimated creep rupture time calculated from
the stress of the center 25 % area, T, (h)
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Fig. 5-21. Relationship between the creep rupture time estimated from the average stress in the

center 25% area and the actual failure time (axial stress: 15 MPa).
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Fig. 5-22. Relationship between stress generated in the center 25% area and the virtual stress

amplitude.

-92-



53 EBRERB LB

120 e
E -+(Or=+  Fatigue (surface)
= 100 |- Q —a&— Creep (center 25% area) -
;; y =41-- Creep (center point)
s 80 i
=]
IS O.___
g a0l o, J
E 0.,
g okl N T O _
E ------------- o

109 10! 102 10° 104 105 10 107 108

Estimated failure time, 7%, (h)

Fig. 5-23. Relationship between the creep rupture time in the center area and the fatigue fracture

time of the surface (axial stress: 23.4 MPa).
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Fig. 5-24. Relationship between the creep rupture time in the center area and the fatigue fracture

time of the surface (axial stress: 15 MPa).
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Fig. 5-25. Relationship between the creep rupture time in the center area and the fatigue fracture

time of the surface (axial stress: 3.9 MPa).
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Fig. 6-1. Schematic of fracture origin.
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Fig. 6-2. Schematic of the test process for creep test of fatigue damaged sample.

-08-



622 7 V—7IZL 3 TFHRENRIEHITESFEMIRETEER

6.2.1 TH & [FIRE DR 2 Ay, 2.2 #i T~ 7z @il il iy 573 2 ¢, 7 U —712
LD THEE 5 2 1% S ER MR B A2 S L7-. £, Fig. 6-3 D Step 1 12”7 &
1T 1400 CORKHFNT THIIS I D B2 AT 5425 Z L Tr U =T R 24T, 7 ) =72
L2 THEE 5272, O, Wit/ & LT 234MPa A L, it/ 23.4MPa (2515 5
7 U =7 W4 (161.7h) D) 50%DKFHE (80h) L7p-7-b ZATHERAIFIL L. &
(2, Fig. 6-3 1D Step 2 O I 9 (@il i 7 alBka Sk L, iz fllE Lz, vk,
I T 57 FBR X 1400°C KA HIC T, BRI £ =20Hz, RARSBRMEIS J1HRIE 0,~71MPa
DERATIT R o7, FERIS, 7V — 7l oK) 80%D sk (125h) O FHGE 5 2 723
BRI OWT b i I o7 s 4 F2 i LU, BT OWE 21T/ o7, £z, Mg o
BRAIZOWTIE, 23 Hi Tl L o Iokm@les, RKmBleg, WimBleEair, EA =

ARLDELE LTI >T-.

<Step 1 > < Step 2 >

Axial direction

Stress amplitude (o)
(Displacement control by angle) Furnace

Jig B e ig A Axial stress Jig B Jig A
- (Gmin) - ==
Weight ‘V ’

Furnace

Fig. 6-3. Schematic of the test process for bending fatigue test of creep damaged sample.
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Fig. 6-4. Creep rupture time of fatigue damaged samples.
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Fig. 6-5. Fracture surface observation after creep test of 80% fatigue damaged sample.

Creep void

Fig. 6-6. Cross sectional observation after creep test of 80% fatigue damaged sample.
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Fig. 6-7. High temperature bending fatigue life of creep damaged samples.
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Fig. 6-9. Cross sectional observation after bending fatigue test of 80% creep damaged sample.
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Fig. 6-10. Relationship between the creep rupture time in the center area and the life reduction area

(axial stress: 23.4 MPa).
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Fig. 6-11. Relationship between the creep rupture time in the center area and the life reduction area

(axial stress: 15 MPa).
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Fig. 6-12. Relationship between the fatigue fracture time of the surface and the life reduction area

(axial stress: 3.9 MPa).
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