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Abstract

Ti alloys have excellent specific strength and are used in a variety of structural
materials including aero engines. Although creep deformation occurs at high
temperatures (0.3-0.4 Tm, Tm' melting point) in general metallic materials, creep
deformation of Ti alloys occurs even at room temperature (0.15 Twm). Therefore, fatigue
life decreases at room temperature in the case of introducing stress dwell. This
phenomenon is called Cold Dwell Fatigue (CDF), and is particularly affected by stress,
microstructure, and dwell time. Until now, there have been few reports discussing the
interpretation of deformation behavior in detail. In addition, creep damage has not been
taken into account in the lifetime evaluation. Therefore, the purpose of this study was to
clarify and formulate the deformation behavior in CDF. In addition, the purpose of this
study was also to examine the applicability of the linear cumulative damage and
construct a life evaluation method by incorporating the deformation behavior
considering the effect of creep.

As for the effect of stress, the effect of stress and microstructure were
simultaneously investigated by using the normalized stress with 0.2% proof stress. The
results showed that the effect of the volume fraction between equiaxed o and needle
o was negligible, and the grain size of equiaxed o had a slight effect on the CDF life. As
for the dwell time, some properties were obtained in the long retention region, which
had not been verified so far. The minimum rupture cycle was defined, and the results
supported a broader range of life evaluations. It was also confirmed that normalized
stress and dwell time made a difference in fracture ductility and fracture mode. The
fracture surface morphology showed mainly fatigue damage with a little fracture
ductility under low stress and short dwell time condition, and mainly creep damage
with a large fracture ductility under high stress and long dwell time condition. In
addition, the knowledge about strain change behavior was obtained. The inelastic strain
change behavior during stress dwell depicted the primary creep, secondary creep, and
tertiary creep regions that occur in general high temperature creep. It was confirmed
that the minimum strain rate depended not only on the normalized stress but also on
the sress ratio and dwell time.

Based on these results obtained from the CDF tests, the applicability of the proven
linear cumulative damage rule in high temperature creep-fatigue was attempted and
demonstrated. The knowledge about the change in the evaluation area depending on

the creep damage calculation method (time exhaustion rule or ductility exhaustion rule)



was also obtained. It was indicated that the evaluation by the ductility exhaustion rule,
in particular, may be a realistic life assessment. One of the reasons is that experimental
results suggested that there is an upper limit to fracture ductility. Furthermore, the
equation proposed in this study can predict the minimum strain rate in the CDF test
with high accuracy depending on the normalized stress, stress ratio, and dwell time.
Finally, the strain change during stress dwell of the CDF test based on Blackburn's
equation was formulated and the deformation behavior could be regressed only from the
test conditions. This leads to the quantification of the damage degree, and the life
prediction considering creep damage was achieved by combining the concept of the
linear cumulative damage rule and strain change prediction. The life evaluation method
proposed in this study enables more flexible life evaluation according to the test
conditions than the conventional approach and is expected to have a wide range of

practical applications.
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1.4.2 HERBERER
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Fatgue calculated

Creep darnago calculated by time exhaus_.ppn rule by the ratio of cycles to fallure
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I 55 BB B\ TR K f OB IR A 7 L OIE T 27213 5 %A, S-N fh
B &N B IS SRR & B 27 L OBMRTIE, S A IRE OB J#b\ﬁ&%ﬁ%% 7 VI3
RT3 2% 2022, 106~107f2E DA 7 VHElE Tk SN RO N E{b T 28560 H 2
D3, ARFGETED 5 105 %A 7 VLT OFEIK T, r*“jﬂ)fzdﬁkﬁﬂitﬁﬁf% 7 v OBMRIT—ER
GBI CE D, — T, REEEZEALZ CDFHAOHAICB O TYH, HREFMNE —EL L
7o & FITHRRGIEIST) (=IEHRIE) OEANIFE S EFiLﬁ%% I VDD DR E N TN D
2826, L72L72»3 5, LCF & CDF DSBS MEIT R R D, KGRSO,
LCF & CDF Ot 1 7 TN TIL bR T 523, CDF o1 7 LD LD K& <
KTF9 5, KAIZ, BASIERNZRAD S5 & CDF WA 7 VIZBRE MY 5,
72, LCF & CDF O A 7 VD753, Bt NEERE L2y, RIENF E/NsL
2%, —EDRSIVUVELFTiE LCF & CDF Ol A 7 MITIFZERAE UL 25 L
HENTWD, BlxiX, KRGEIETIDM A & FFRRE OSAIZIE 1 Hi~2 HiT ikl -
WHME T T DD L, FRBIERIS MM 10K 710% & 72 5 & CDF & LCF O -

WIEEREZEL 2N EVIELH D 20, Z 9 L7 CDF WA 7 v~ sk

X, 7V —TBGNRESEELTNDLEEZXLND, MTIBLOTIAEDERY Y —

TNZBWT, @ISHRHZ IR V=7, 27 V—", 3IRT V=T \WoTlzl 6077 Y
— TR FE B oR LIEENICEE 5 20210, — 5 C, RIS e DI AR &I/ NS 720,
EWT L22WIS IR b FET 2, T7ebbh, 7 U —7 ORBN KX 2205 )ik Tix CDF k-
AINVBRESKTL, 7V —TOREN/NS /2518 TliE CDF #Wiv-1 27 L5 LCF &
IERFELE 2D B2 6ND, LLED LI, WA 7L LIS OBRIZOWTIE, &
2L OWENDH D, LLRRRD, IWHOEIZLD 7 ) —TORE, Koy ) —7ElR
DB CDF B8 %5 Uz fliZd 22vy, CDF Bt o O A28 LCF kB o O
HELE D b RENVWZ LEEZRTMEILIHL2HOD, 7V —TDOEBIZONTIIELEINT
W, FTo, IS OB RRIZ KT BRI OV THRA T 5,

Fro, IO EEL U TER BOKGES +2Ii7e STy, —#iic CDF T, ff
RBREEEORE L H Y, SE-EafED R=0(H L<I1X0.01) OFRFETEBIND Z &
MRFETH D, LNLRBL, PRI, KRGS 72T Tl < SEHIR T O 5280k
DB R BET HT2DIZ R tt(?)ﬁﬁi%@afm“é%%#%?o

ES é—i*@iﬁ/\“f:i 912 CDF FHlZiZ I 7 vfllifk b 84 KF¥, 7 nffkicon

TlE, EAMBOZEL X OKD O %ﬁ’i“ CERLIZRENRZ W, E£H5MME LTI
MTR(Micro texture Region) & ’EIEIL 2 RATHZRE AN 7 72~ RO L 72 0 kKT
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PA I NEREIETSELIEREARD LSRN TS 210219, [LEMERICE L T,
Ti6242 75 Ti6246 ~ Mo &EHNNT 512241 C CDF EZMN/NEL< 72 b & &N TnD
219, —JiC, ofHOFREIZHE H L1z 5 2 TiRa, Ffila DB A BT FliT b7, 27
PRI BRRFEIC b B A 5 2 2720, SIRME, M) E W o 723BEIC K- TRRBIE
IS E kLT A 2 LT, CDF Fihlc 52 5 X 7 a ik 08 Z — RIS T X 5 alhElE
D5,

LLED X 512, CDF I X B 1 7 VAR T & & e KIS 1T & ¢ > TE{LT 273,
R RER L OO TAEL b —EOELIC b —EDOHBEBRNH 2 D iERmThH s, =
ZCARETIH, BB A 7 VICE 2 DB EBRGELTZ 9 2T, OFTAHELB LD
BB RE~D 7 ) — T DR BREELRTH, ZHUZ, RIEOEE, 7 oo L)L
OB L LTIk, CDF Frh~Dp 8% BEEs L VB %4 5,
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2.2 EBREMH
2.2.1 HEAH

HEEAIZIE Ti-6A1-4V (wt.%) Z AW =, 2 FEEO B Ly MOy 2 3 2-1 1R T,
Bl b LI 973K X 7,200s—>ZE i OBMLE O AFEfE L E L v MBIROFE EHEH Lz, 27
oA R 2 X 2- 1@~ T, BFEMEONE RO R TH Y, MR HNIZ L
S>Tary b7 A MPEIT D, 22T, BUVOMHBIOKEAOHatE, HWAZABIETH
%, Bl y b1 O 7 afifko Ko 3 &iafl TR I TR Y, R BOBHNTT
EL TV 5D, Sififlafl ORRITH 20um TH -7z, B L v b IHIEWEGEIC L - THRIRISK
FEL7, @& 190mm B Ly h& 1,123K IZMEAL, & & 30mm (272 5 & 5 ZAfHIHE L AR
WIZEIE UTe, BARISBER IS I BV 2 0 L, Sdhotl & $HRofl ORFER 2 HI8 L7,
1,223Kx7,200s—%F #5, 973Kx7,200s 28¢5 O M TEMLEL L7356 0 X 7 v ik % X
2-1IRT, By b 1 EIRIERERICZFfhofE & RLABHE CRERR S LTV D23, DT 0T Et
Wb HFEL TWD, LInLRR D, KEDIEFHuE TH Y, £ OREITH) 10um TH
STz, I, 1,223Kx7,200s—2843, 9T3KX7,200s— %215 DS CRVLEL L7230 7 1
FAE A X 2-1(R T, Fllokl & ERRoHDEFERNITEFRETH Y, KT IIBIADFLE
LTW5, ZifhofH ORI 10um, FHRaAHDIEITR 0.5um THHo7, LD X 1T,
3 M ORI K O lotl & $HIRoAB DIRER DR 2 k2 AT 2 FMEME LT, U
B, 2D XBIT 57201, K 2-1(a)DFEH % [Equiaxis A, [X] 2-1(b) DFE#f % [Equiaxis
Bj, X 2-1(c)0## % [Bimodal] &FERZE LT 5,

21 PR OFR (wt.%)

Ti Al v Fe o N C
=2 N | Bal. 6.43 4.02 0.16 0.19 0.006 0.014
Ly M Bal. 6.40 4.12 0.16 0.17 0.025 0.028

: “ >~ Z Jut 50pm
2-1 3D I 7 v#fifk. (@b Ly M1 :EquiaxisA#f, ()L v b OEEEZIFHE
LR : Equiaxis B4, (B L v b H#E% 22 EVLEE © Bimodal 44.
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2.2.2 MRERER

SREERBR IS ERER, R, 7 U — 7R BrE %M Lz, FIRABRORER A TR
2-2 1R T LD 6, F—YES 30mm & Lz, RBREEIT=RIE (25°C), 09 A
FEIT 8.3X103s1 THHii L7z, RBRHIIZEHERA — 77 7Rk 2 vz, EIrRo
AR TRIER 2-83 1R T L DI AT ¢ 6, ¥ — VRS 40mm & L7z, AN 2-4
R, RO RV Y IR LIETEO LCF B &, (REfDOH 5 5RO CDF b
Fifi L7-, LCF iR, CDF ik & & ICHITHT — NIIATEAE & L, RefAmRRIzEn2
N2 THY, HABIRIEIIL TI9MPa~876MPa & L7, Zhidthih+ 254 2 7 ofilfko
0.2%IM 71Kk % 85%~96% D A2 %, CDF R OLRFFRFHIIA T Tl 120s
THE— L7z, F£72, RHIZO0, 0.33, 0.67 D 3 A2 FEM L7z, WIHORERH KK TIT
W, REBREITER (0 25C) Thoto, 7ok, BEBRHEICIT MTS A8 E 3 — R ek
Bex R, F72, MOGHIEAL T, 2oL FENSKE SHEGBENER-oTLED
M, o, WO G E CIBRETETICH T AN ERIME L TLE > A2 EE L, K
RERCITIRY (T 2o tz, 2072, OFTHEITRBPEO R b v —7 B0 Z2 3R AT
HESTHRTZETHEHLE, 7V —7RBROBRBR A TRIZN 2-5 17T X 9 12478 ¢ 6,
F—UEE 30mm & L7z, =iE (] 25°C) 12T 876MPa DIt 115 L Tr U — 756k
i1 o7,

M12 xP1.75

3R

E} $6.2+0.05

|
ﬁ‘ N ¢6+0.01

k2 ML1P1.6 o
%6 %\ -
¥ AVAVAVA /
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“« > —
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2.2.3 WEBIVOI 7 oilREZR

mEigEx, R E27 ke by, =¥ 7 —L, HUKOIETENZI 15min T O H ¥k
W Lo #BIZFEMm L7, Wi SEM #l%22121% SU-5000 & MV, AN##E+E 15KV,
WD=15~20mm OFRMETHLZE LIz, 7 sl OMEREE LT, o7 e T
AU —#KIZT#320, #800, #1200, #2000 F CRAMELZ L7-DH, g XL Ul
O (2 v A 21 77:H202:H20=60:10:50) % AT, 13.35N Ofi[EIZ T 40min
VL bl BF 21T o 72, 2 7 v #lli#l 220 SEM (21X JSM-7100F % W, J#EEE 25kV,
WD=3.5mm O 5/ T4 E 1% % #l22 L 7=, EBSD(Electron Back Scattering
Diffraction)!Z OIM data collection ver.6.0 |Z CHIE Z 1T\, ML 20kV, HIEE ~F
0.5um OFMEE Lz, F7=, fEHTIZIX OIM analysis ver.7.3.1 & 7=,
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2.3 HBLSHIZ L EH
2.3.1 BEEBEER

FIERER CTH O NS -OT BRI A X 2-6 12T, MEICE ST, ZIEFRROZEE) T
H5D LR SN, Equiaxis B # OB OO dhfR & Bip o> TR2 503,
ZAUTRBRBRLERF DI B DD 5 A D EEFE L EZ bivd, £7-, CDF RBRIFIZAH 57 55
REIRISTIORENEIR 7 V—TZiEmd 22 A THA TH L0 EFHIT 2 LERH D,
hep HEE DM BTl ~ 7 v 2RI TIXOT HHEOFEN K E L, o, BRIGET
TR 2 22T R ZAENTERY, BRI Y —TBG L ITRRIEHE TCHLLEZ DN
B, LIemo T, |RZ UV —7%&Eim T DT OIEE 2 £ 9 I 1L E, D DRERIG T
UFTHHIERROLND, BILUDITENLOIEE) LEED D5 E LT, IG/1-OF Zdhf
B W T do /de BN—EEHIIZHER U5 & X D)5 1% Micro yielding stress (omy) & &
F LT 21, Z2O78, AN T HERAIEEIB IS T omy & BIRIG oy Z R L T
ARETHDH, 127201, do [deDFEHFHIIZT —Z DIXH-E 2Z[E LT 10 XEOBEIE
¥)e Ule, &P OIS -0 A, 72 5 ONT do /deZ [K2-71277 7, K277 B 64
72 0.2%IM /) (c0.2), BEIRIGTT (oy) Micro yielding stress (omy), ARWTZEME, AEEHRE YD
FER A 2-2 1TRT, 0.2%I0 /13 L ORIR)S 7113 Equiaxis A #4, Equiaxis B #4, Bimodal
MONRIZKRE < 2257z, 0.2%M 0 & BRISNITIEE A L% THY, 10MPa AN DR T
ol BRIENE 0.2%IH 70D 99%RE DI L EFET D Z LN TE 2, EBAIEEIRLAIG
Fomy (TXT L E 0.2%I0M /1PRARIS T & RO FH & 1372 63, NSVt Equiaxis B
¥, Equiaxis A #f, Bimodal ¥f & 72 >7-, W3t d 0.2%IM /11D 82~83%FEE D) TH
ol Tbb, AT S CDF B TORKSIHEIG/1E 0.8200.2~0.9900.2 D#iFH
ETHIET, BV —THEORELEEICKMRIEOND EEZEZxOND, £, K
WrsEPE & AR 0 1B L CiE, 200X IO oD b0 D, MR OB =R
THERR S LR Do T,

# 2-2  BERARS OO 5 | BRI R

. Go.2 Oy Omy Elongation Reduction area
Microstructure
(MPa) (MPa) (MPa) (%) (%)
Equiaxis A 917 910 765 (0.8300.2) 14.5 40.4
Equiaxis B 921 918 757 (0.8200.2) 15.6 43.8
Bimodal 944 938 773 (0.8200.2) 14.3 45.8
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2.3.2 CDF RBH R

TR X H 122 7 v EOEVICHR LT 02%M N R D, T2 T, ISHOREL L
T O —IZIT 9 72912, LCF § L < 1% CDF RBRFFO e K5 5RIG S & 02 1 & 0 Hikk
L L= b 2 €% Lz, LCF Bk & CDF Bt (R=0) OIWrH1 7 V3 & kLG
JOBR %X 2-8 1277, LCF iR, CDF iR 3 & BUS LIS 1 DK T IS O A
7 TR Uiz, EREN O % i3 % &, LCF #BRIC T CDF 35k it {4l
TOMWEYA 7 VOIKRTRE LdoTz, FlxiE, BULIET 0.85 & 0.95 OfER A KT 5
&, LCF #BR TIE @S SR RN 1 7 L2340 15 IR T35 Dlcxt L, CDF &k TIidk
120 IZIR F L TWe, ZOfmAE Mo Ti ASICBWTIE SN TV HRER L —F L, &
TREMEZOWTIZILCF LV 6 CDF O AR KREWE RSN, £72, LCFRABRTIZIZ
RO B TZIEMR EINT, s 7 7 LicB DR —# ETORENAETH -
7o —H T, CDF #BRICENTH I 7 nfllf O ZITIHE YV RE 2V HDOD, HF N
Equiaxis A #4 D5 23 [Fl—BUEA LIS NIRFIC R Fm CTh o 7o, Ffllati ORI FER THHRatl
DIEFER D2 % Equiaxis B #7 & Bimodal # OFERNIZIERE ThH o722 L b, Bk
JET) TIPS 5 2 21T K0 Flliofl & SRR D IRTER O BTG CE D LR SN D,
— 5T, FilofHORZRITHOT N TH S0 CDF HEin~EEr 52 TnWbEE2bND,
TR BT, CDF Rl V=7 OEENRRKREI W ERESNLTHDLZEND D
24,216, FEfflofl ORIFEN 7 U — T RIS L TV D Z E N REIND,

0.98
S 120s dwell
L 096
g o 4 b
9
., 094
o ° o
% 092 | * &
1S
>
£ 090 | Open: LCF A A
é Solid: CDF
g 08 | eBimodal
% 0.86 || AEquiaxis A
z * Equiaxis B ® 4 OA
0.84 . . .
10 100 1000 10000 100000

Number of cycle to failure

2-8 LCF#BrL CDF B (R=0) DA 7 v &AL o B
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LCF U & CDF #BRIZ 35T D akWriEE & ks bis ) OBk A X 2-9 12777, LCF
% OREMIEME I HASAVIS N DTN ELZZ T TR Y, SIS ORI EOFEH
(2 Uiz, —J5, CDF kBt ORWHENE T LIS o K& < B2 Z I TBY, Bk
LIS TI59 0.92 LLF 2> BEEBHE M I T 28I Lz, RIS/ Ch 513 E CDF OB i
LCF OEMrEM 2 LT, BUS IS 0.92 LLE Tl CDF OfEBiEM 2 K & 72281k
TNz Enh, EHEMED EROFIEN TR IN D, BRETAN Z bR WERiZ2 7 U —
THRBROFERTS, 20O XD RWHIErEO/E R TS STV 5, Dutton O#HE Tid, il
Ti DR Y )V —TRHEBEFERTH D0, FIRIRE D T8%LL LIS T) T OMBHIEMEIXIZIE—E
L7200, LT OIS CIEEIRICRWHIEMEAME T LTz 2D, L7e->T, 22 &
oY, CDFRHEICIZSZ U —TRERKRESEBEL TV D LRSS,

25
® Bimodal 120s dwell
20 | A Equiaxis A .
& Equiaxis B %
S °
=3 15 Open: LCF
s Solid: CDF
‘s
e
o -
g2 10
4 o
5 o A
: o
A A
o
0 L 1 |
0.80 0.85 0.90 0.95 1.00

Normalized maximum stress, 6./ 2

2-9 LCF il & CDF iRBRIZI 1T 2 T it & BUksAL)S T DBtk

Wz, i EsE R 2 X 2-10 (27~9°, Bimodal #4 & Equiaxis A £/ CDF #Er1% O
BIERRTH Y, X 2-10(2)~(e)1x CDF #Bat%, X 2-10(0~() X LCF i Ok CTh 5,
Bimodal ¥1Z T LI 0.93 & L7= & & D CDF i T, EAITARHE CaRnn
THY, SIERRBREZO L 5 MR O EFE Ch -7 (X 2-10(a)), —J7 T, Bimodal
M TR IE ) 0.85 & L7z & & CDF i CIZRFITaR LT £ 9 (T A2 Bk
Th bV, ZZLERER S HE SN Do MR SN (1X2-100)), Equiaxis A #2350
THMMEFEETH Y, Bt RO AL /7 0.96 0 CDF fif i Tl SIIAHR TH Y,
IS OIKALIE ) 0.85 ¢ CDF A €l & Z R A2 75 B C & it R ek & 5B o
FEBIZ 3o TIRM 2T D Z ERbholz (¥ 2-10(), (), H{LIST1 0.90 @ CDF f
L, ERTmRESNZbO0, ZEREBIIHEIIGT 0.85 DEA LI L ThS
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<, &l U CEMEBEOBE ST WEREEZ 2 LT e (1K 2-10(d), LCF fifmicBE L
TIE, K 2-10 FIZREITR L X 9 ISR S PR AITHETH v, 2t EER bR
B RIS [ o TR © Tz, Equiaxis A M OHEALIE T 0.96 DO E 1213 A
nNEEHER S e (K 2-10(h), £7o, Thb OB OIERBIEER R A K 2-11 1IT77, X
2-11(a)~(e)i% CDF #Brt%, X 2-11(0~()i% LCF RBR# O T 5, Bimodal #4112 TH
AL 71 0.93 & L7= & =@ CDF il I3t 3 ln o 7o 7o, PR o TR & 4 852
Uiz, BENT 4 TR & 72> TRV, IR A F bR S 7z (X 2-11(a)) . Bimodal
M CTHIRALIET) 0.85 & L7z & & @ CDF %2 xh U Cldukd s 5 OYERBIE 21T o 72,
SHRERIZEDA NI A =—v a URHER S, HILIET) 0.93 D54 L0 b Malkr) 7
mHECTH 7= (X 2-11(0)), Equiaxis A B2 THEEALIRT) 0.96 & L7= & & CDF filiE
X ROIEEFEFT ALK L TEH Y, Bimodal M OEEALIS T 0.93 DIGE & RIFRICAEET ¢
YNV TCh o7 (IX2-11(c) . BUE(EIE 7] 0.90 & 0.85 O CDF A ik s 15 4 41k
KB Uiz, HREEIET) 0.90 DA ITITERERICEI D A M T A4 =—2 3 VR SN,
EBIZ—WTT 4 A biERENT (K 2-11(d) ., HA&LIE ] 0.85 DHAITIT & 2tk 2
WCRDA N TA == a USRS, SRERE S RIKBREOKEIZE TH 72 (M
2-11(e)) . LCF AmIZBIL Ti, WINORFIZE N TH EHERICEIZ2A NI/ =—T 3
R SR, WatER R TERE T o 7o, DL B ORI EAE R K DR E RO — &
# 2-3 12”7, LCF BB CIIHB LG B L 7 o fifllc L 59, &R E2 =L Lz
fatkry e ch o7-, —5 T, CDF RBBRIZHB N TIE, 7 oo EBIIRD bk
0, BN 0.92 UL EO @ISR TIX AR T 1 v 7V E BT HMEME A A U TR,
BRSNS 77 0.85 OARIE )k Tl LCF #RERIE & [AERIC X 24t R 4 T & U7 etk 22 fiigE ¢
bole, Thbb, @S TIEZ V—7HBEREERTH Y, KIS I THEEG E
KThsEHZEEND, BUSLIET 0.90 BREDIS /R CIEEZZERICL DA T A =—
AL ET AT NOMGNERENTZ LD, WEIFRER L O 2 HEERNOEB
ThdreEZLND,

#2-3 WHEIZEDE LD

Omax/C0.2 0.85 0.85 0.90 0.93 0.96
Material Bimodal Equiaxis A Equiaxis A Bimodal Equiaxis A
CDF Brittle Brittle Ductile-Brittle Ductile Ductile
LCF Brittle Brittle Brittle Brittle Brittle
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(d) (e)

2-10 mEBIEAE AL, (a)Bimodal #4, Bit&{b)i/) 0.93, CDF #Er#%, (b)Bimodal 41,
HUFR{LIS 77 0.85, CDF sttt (o) Equiaxis A #1, B (LI 77 0.96, CDF ik, ()Equiaxis
Ak, HIkILIS /) 0.90, CDF B, (e)Equiaxis A B, HUK&{LiS /) 0.85, CDF Bk,
(HBimodal #f, Bik&{LI5/) 0.93, LCF #lt%, (g)Bimodal #f, Biks{Li5/) 0.85, LCF it
B7%, (hEquiaxis A b1, BHLIS /) 0.96, LCF #45:#%, ()Equiaxis A b1, (LIS 0.90,
LCF #Rit%, (DEquiaxis A #f, BUE{LIS7) 0.85, LCF ilBit4.
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2-11 EHEIERBIESRER. (a)Bimodal #, Hif&{b/in7) 0.93, CDF #l#%, (b)Bimodal
¥, BiFEALIG 7] 0.85, CDF ikBat%, (c)Equiaxis A b, B#(LIS7) 0.96, CDF skBafk,
(d)Equiaxis A #4, #l#&{bIE7) 0.90, CDF iRBit%, (e)Equiaxis A ¥, Hik&(LiE 71 0.85, CDF
RBRt%, (DBimodal #, Hiks{kit7) 0.93, LCF i, (g)Bimodal #4, BUA&{LIET) 0.85,
LCF #kBrt%, (h)Equiaxis A #f, #i#AbIG71 0.96, LCF iAB#%, ()Equiaxis A #4, HiA&(L
J£710.90, LCF B, ()Equiaxis A#f, Bt/ 0.85, LOF slrts. 247 —n3—
¥ 20pm.
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2.3.3 =ZOFEAL I 7 ik

BUEALIE 112 X > C CDF sBRIF ORI RE N B0 5 2 & ZRiTE Tl 7o, FEMEfREER &
Mt R R KB S T8, &9 W\ otz I 7 a kO ER Y TRREENE U097V, fREED
ALDEEERDLTWESIIE ), ARSI HLERNDHD, T T, ﬁ%%
B E Wi BE2IC K- C, HIEORET HIMREZMA L, BEOMITHMILIE I
THHICE 2720, KIETIT Equiaxis A M &G E LT, min/iik (Bsibiss 0.96) L
RIS 7738 GRAE AL 77 0.85) T HrlrakiiR & 320 U 7o, Wt 1 7 VX1 7 L 25%,
50%, TS%IZHYT D% A 7 v e L, TNENO 2 % Uiz, Wt OFEATH R gz
Gl L, Wi o B OB L OV EBSD HIE 21T 72, ENFEnogikibis s &
Wrth A 7 VT 2 K E 82X 2-12 1277, IS T) 0.85 D & &, 25%fkkr i1 7
VT TICHNERDRN E ZUTFEAE L T, ERITaABRIPIZIEAEL TR Y, ERAZRIZIR
Th o7z, BO%REMWTH A 7 /L TITHRIN E HKPRIFITE L TEB Y, T%MWT 1 7 /L Tl
T AR~ NE BB L Qe BRE LSRR L2 &b, fifkiZ
EICEHOELRTWHMNEFF SO ENREZ LN, WKithA 7 v 2z -3 BRIz L
T, ESRIIBEZIZ L T 505, ABEIIE 2 DRt - 7 — VN 2 8158 L 7o
BThHD, WUNEENT 3 fESRIU EICh o TEE LTV, ZAbITRAR 23R B4 T
Wik ZERL L -5 RCTH LD, M ROE S I2i3Famit & OMBRRBED b, FHa
FEOHEINZ AN N E R L T e, — 5T, HEIET 0.96 DA, &2
DOFERRITFERC 25%MHI 1 7 VOB S TRINICHER Sz, L LR, Z0%

TR E IR INT, 1RERRNOMNERHOBEEL T, 202 &0, MUhE
@%éﬁ%iiﬁ WZAELD DD, Fi- DHEEERIIM/N & H TRV TR 2 R~e T 2,
(4 2-10, 2-11 O K 5 ITHUEALIET) 0.96 DIGE OB RENIEMIRE Th 722 Lvb b,
WUNEHOERBFHER TRVWEEZ LD,
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[ 2-12 Equiaxis A ¥ % BN 7o I oW SO 115 (@) BUSLIG /7 0.85, 25%fkikr 1
A 7 v, (DKALIET] 0.85, BO%MEMIY1 7 v, (OFKAILIGES 0.85, T5%HEKTY1 7 v,
(DBUEALIST) 0.85, 100%A&EH 1 27 v, (e)BUS LIRS 0.96, 25%fkki1 7 v, (DB
{EISTT 0.96, BO%REWTH1 27 v, (QHKAILIET] 0.96, T5%EW+1 7 v, (WBFILIET)
0.96, 100%fEIkr 1 7 L. A4 —/Ls8—(F 10um.
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WIS, BUNEZDOE LT DR RL O IZ DWW THE 2 5, EBSD JIEIC L~ T, X 2-13
VR T LI ERITNT IS hep HEDEREIZIR 2 T THRAEL Tz, £72, M 2-14, 2-15
IZIX EBSD HIEN ALY 2 Xy NRFORMHEREZRT, =2 Iy MNEFIETRY
RN < i VWIS T ~DAMIS T O T EE G2 R ITHRIETH D, T AW 1T
@DIcX-THEEINS,

T=0"cosQ - cosd 2.1
2T, TSR AWIES, olZWERIEICMD DI, @lX TRV mOERT A & 5§
FHiaE ORI M, GTTXVENOTRY FEESEEGRORTATHL, =y MAF
ILcos@ - cosO D EFET, 2 Iy MAFHRREWVIZE, TXROVEENELSTL, 20
AL 06 THD (p=0=45° DL &), M2-14, 2-151ZBVTIE, Y2y MAFZ
015 0.1 AATET L TR, K 2-14 ([ZI3FEH O<a>fiz0r, 972 5H{1100K1120)0
valy MAFRRERLZ, 220, AmMARITREB R TH D, £, SHOEL
TUWZE & AR Cas LT N E D34 LT3 {1100K1120) 0 > = 2 » R K+
DHBIERWNESIC—H Lz, LELARRD, v= 3y MAFOERWRIE TS/ & &N
ANDDTTIERD -T2, X 2-15 121EK 2-14 & F— TR T B EfD<a>tzhr, +74bb

{0001} <11-20>D > = I v NMAFOFERZR LTz, v & &R AEFTIE{0001}(1120)D
Yo Xy MAFOEWED EfR—E L Tz, F72, X 2-14 ([ZBWT{1100K1120)0 >
=2 X v MAFIMEWZ HBD TN & &VE U T Ze o 72620, {000131(1120)00 3 = 2
v MR RHBH/NE D odz, LR -> T, MUhEHORBELLT WRIORH#ME LT,
{1100K1120)D > = X » FAFMEL, 2>, {0001K1120)D > = X v MAFRENZ LN
HFons, £, TOESOLEBLTCWDLAEERDH D, M T, 20X iFMEH
THRNES L TWDHEAICIE, BhEA EE L TRAEL, RHICEETHZ L TR
R X R L 2 DB BESND,

{1100}1120)D > = X » MR FOARVKL TR > THUMNERRHEAT 52 L 13 Qui
HOWEIZSH D Ti6242 OFER L b —ET 5 219.210, Ti-6Al-4V ([ZBT 2 | EIL I E T
ol b OO, REOMHEF D EFLORFEOFE RN SE LN,

Graiqr_b_gundary

2 2-13  PNEBOMUN & R & Hb I OFEAIX
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Min  Max
o o1
B o1 02
[Jo2 o3
B 03 04
I o4 o5

2-14 Equiaxis A ¥ % AW 72 P O{1100K1120) D 2 = X MEF-. A7 A 3R
BEHRTHY, ZERAEMITANNE —%. (@QBUEILIET 0.85, 25%WiY1 7 v, (bl
F&AbIS 77 0.85, 50%MKEWTH1 27 v, (BUSILIET) 0.85, TH%AEIETYA1 7 v, (BT
0.85, 100%fEHiH1 7 v, (eBARILIST) 0.96, 25%HEET1 7 v, OBKILIETT 0.96,
50%HEIWTA 7 L, (IEALIET) 0.96, T5%AMEKTH 1 7 v, (WKL) 0.96, 100%f
WA 7 v
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=
=

Max
0.1
0.2
03
04
05

AO0EN

©cooo0oe
W N -

2-15 Equiaxis A # % W72 kS ©{0001K1120)D > = X > MAF-. Aff 7 Ak
BT TH Y, ZHFATILTARSE . @BKELIST 0.85, 25%WT1 7 v, (b)E
F&AbIS 77 0.85, 50%MKEWTH1 27 v, (BUSILIET) 0.85, TH%AEIETYA1 7 v, (BT
0.85, 100%fEHiH1 7 v, (eBARILIST) 0.96, 25%HEET1 7 v, OBKILIETT 0.96,
50%EIWTA 7 L, (DIEALIET) 0.96, T5%AMEKT 1 7 v, (WKL) 0.96, 100%f
WA 7 v

44



2.3.4 ARV A 7NV OTHROELL

CDF B CIEX 2-9 I TRI N2 L 91, W L7-3BR 13 LCF 3k & Fhig L TR & <
LT, BEHFRXOFTH CDF #gF o afv1 7 VIcty: 5> O3 A2k LCF
RBFOZTNLEY BRENVWZ LERTHERIXS L LOD, 7V —TOEBIZONTITHH
ICERIN TR, £72, X 2-10, 2-11 OAFHEEHE CITIEMREE R ST\ b, N
2T, TWERERIZ W T b & AR LS O ZER SR O EZEK & 7g > TV D Al REME S R
ENTW5D, CDF RE~D 7 V) =T OFBRRKEI N EIFHATHY, RETIE CDF &
R OARTY A 7 LD OFTHDOEE 7 V) — T EROBENDELET D,

CDF i RIZ BT 2 OFT AZAL O KEB /I RFFFIEA S TS, CDF BRI AT %
OFTHREIE, FERPEOTHOETH Y, BYEOTHESE 7 ) —TOF Bl OFT
bb, T, K216 DR TRT LI, REPOIEFHEAEOT LA ML (KA
I NVOIEOTHEEEND) BEL TV Z & TRBEOAERER & IEHE O3 A2 Z (ko
BfRER o7z, 7o, BUSIKIG G2 3 5 L T\ % Equiaxis A M2 R&EFI & LT
T L LT B,

Control waveform

Strain change

t

R 216 REFPOOFTHIOMLOBAR. RO L 5 IS ABETIC FRHO X 5 20
FRARBEND.

BAEREFIFH] & JEMMEOT B OBMR A X 2-17 (R d, £ 7z, ARETRFRIC R & 220
HOHT0, TNENOMMIRFR 2 L U TRBRERMZHBIE LERR, ThbbE
b TR L7CRER &K 2-18 (R T, (R O IR 0T BB T — k22 7 U — 71
THELD 17 V=7, 27 V=7, 3R V=7 HT L aiiiz, £z, FEwE
OF LSS T EER M THEINT 28 mIcH 0, RO O Amb K& holo, £z,
37 V) — 7ML T < HEREHTH Y, FFTKY OB LD b0 EFEZ b, RFTKY
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DRETDOTHEL RS 5720, Wtk ORER R OB — LT3 OEEZHIE LIz,
ZORR, BB O NORERHSN L 0T HEN, 2KV =7l E TOOTH

I LT,

L7=23-> T, CDF#BrdiciiRans 3k UV —71%, R vicksHE

JETIHEINZRR T % LR SN D, ZOMHMIIBRILISA DR REWVIZEHE TH -T2,

3.E+06

18
16 ! ©(.9660.2
S )
; 12 ¢ 0.8500.2
£ 10
L 8
8 6 A
2 A A4
- 4 AA A
A
2 PO IR R4 <@ < @ < ®
0 1 1
0.E+00 5.E+05 1.E+06 2.E+06 2.E+06
Total dwell time /s
X 2-17 BAECRERRER & FEEME O T A2 b D B
18
16 | | ©0.9650.2 ’
14 | A (0.9060.2 P
X ®
=~ L ©0.8560.2
= 12 o ®
5 10 o o®
% 8 t o ® °
é 6 o ® N A AA
4 A A A
A
2 “’ 60O O o o ¢ ®
0 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1

Normalized total dwell time

2-18  Ffn bk & HEIE O B L O BALR

1.2

WU, OFT BB Z RS LT O3 Aol & RFERFFIRF R O BIfR A X 2-19 (12”7, &
7z, RRERFIERZBUSL L7z & OO HEEORR A K 2-20 1273, O Al E D
SHEITIRFALIS S OB RN L7z, 10%s FREE £ TIXOF Al T EFIcRED L, =
OPMEFNIHASACIENTIE & A EIRIF L —J7, 10%s DI T, B LIS D3Rk &0
FERMICRNOTHEEZRL, OFHEEITEIMCEE U, R/hOTREELRTFH
IR LIS R AT, Ffv bk 0.5~0.6 FRED & EF/NOTABEZ R LTz, —J7 T,
i /NOF B A AR ITBEALISNC R E URFFL TR Y, BLIS ORI DR E <
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molc, FORREK 2-21 (TR T, BUS LI IAY 0.85 OBE DR/ OT B 1.5X
1071 Tdh > 7= DITHE L, HEALIE SIS 0.96 DA Ol /NOT BB E L 1.1 X 1041 Th -
7z, CDF #BR OBUEAVIE T OFFN TR S HT D F/ NOTHEEDEAL AL D T ERREN
770 o) ET/INOT HHEE DORIFR & LTl Norton BN —f%HTH 5 2189, Norton HI|TIX
I/ NOTIHHE RIS ORI TEINDD, 20 L XOERERNEK LTS, £<
O&EBMEIOEIR Y UV —7 TS EEN 3~5 THH—FH T, X221 D71 v ) bHHE
ENDILTHEEIL 56 TH o7, ZOEFITHEWVISTESRIL T &4&0=ERS ) —7FAED
HLDOTH D NS OWE L H O 5 ORE T Ti-6Al-4V O=IE 7 UV — 2B 25 185K
13 30~110 & FZ £F-273 219.220, CDF iBR DO IRFFH O OT BRI IT DI aEiT e

FEFETh o, bz Evs, CDF RO OOT AE(IZ SN T, EiR
7V =T OB RELZTTND I EPRBINT,

1.E+00 ¢
< LE02
Q |, ©o
S 1E-04 k% %o
S ‘AMA ® o ,
% 1.E-06 A x A
2 F| ©0.9660.2 oo 0 “ o
£ 1E-08 k| 4090602 “‘
£ E 0
©0.8560.2
1.E-10 e " i i
1.E-01 1.E+01 1.E+03 1.E+05 1.E+07
Total dwell time /s
%] 2-19 ONF AR E & BFECRFFRERE O B4R
1.E+00
@ 0.9650.2
< LE-02 40.9050.2
5 ©0.8550.2 °
£ 1.E-04
. Y,
% 1E-06 ® o0 00 000000*
Q A
E "OA A A A 2
2 1.E-08 oo o A a
- o ¢ o
1E_1O 1 1 1 1 1

0.0 0.2 0.4 0.6 0.8 1.0 1.2
Normalized total dwell time

X 2-20 FHfvkk & O3 A E ORIfR
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Minimum inelastic strain rate /st

1.E-03

1.E-04

1.E-05

1.E-06

1.E-07

0.80

0.85 0.90 0.95

Normalized maximum stress, 6max/So.2

1.00

2-21  BUALIE S & e/ NOT o FE D BfR
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2.4 CDF FHm~DJ&: 1t D%
2.4.1 CDF RBFEHE

—%A9IC CDF Bk R=0 ¢ L < 1 R=0.01 TirbTHE Y, R LLOBHFHITD 0, L
LR 5, RHEOZRIZ L VIS8 LIS REE b 26T 5728, IS IPIREEORG &
LTI ERIAE O—2>Tdh 5, Bimodal # & W CTHIMALIE /) 0.9312 T, R=0, 0.33, 0.67
D 3 kYD 120s £HFD CDF kB & REF O\ LCF Bk 2 i L 7=, R b L k-1 7 1
ORREX 2-22 12787, R EEOEMTHEWEET A 7 W L7z, R O X - T
SRS/ NS L 72 B8, IS JIHRIE & Ak A 7 VICITHHBIRIR Y B D T & AT BT
HLTWD 220, Z OWE O TS TIRIE O T ISRV 7 V3L Tk v, K
WMEORER & bR —ET 5, LCF 3kt CDF iR Y R OIS LMW1 7 v
DML TWBDHDD, LCF LH~_T CDF OFRZOHEMEF/ NS o7, R=0 D& X
@ LCF o1 7 v & CDF W+ 7 LD HIIH 0.05 THHo7=DIZxt L, R=0.67 O &
X3/ 0.01 TH-o72, REOHEMILY CDF EZMITL VOV RKE L ol Z L E2ERT D
25, ZORM L UTITFEIE ) O8N & Briat A R OBMAE 2 5D, FrICBRA A
FEEIEMOEENRKENEEZOND, TI AEOEIR7 ) —7HBRIZBNT, BRifB LW
BAMMIZEY, BBV —T7PHEREIIENDLGZ L L7 ) —THED EERHE SN T
WD 222220 D LD, BT EFHAMPEEMEICORND Z ENRENS, LI
2T, RENPKE ISR O/ S 72 500 TIEBRAFIEEDS IR < 72 B 21T, BRAGIC
£ 27V —=7INMEDREN L0 BEEIZHI, FARAIIZ CDF B M A R D T oo Tiden
MmEHERIND, WIT, R EMBHIEMEDREF A 2-23 1277, £z, R=1 OFRMFITHY
T2LLT, 7V —7HBOBRLIF Lz, CDF B BRZ T Th< 27 U —7RBROMED
HHE T, REOEIZE STHEBHERIZ—ETH o7, Lo T, BWIErEIIRAS1E
JETNARAE L, —EOIEMEICRET 5 2 & THIFNCES LB b D,

0.8
0.7 | o
0.6
0.5
0.4
0.3
02 | ® CDF

0.1 r ALCF
0.0 e . A L

100 1000 10000 100000 1000000
Number of cycle to failure

R ratio

X 2-22 R L ERRWr A 7 L O RIFR
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Elongation /%

20
18
16
14
12

oN PO

(]
]
()
A ® CDF
ALCF
0.2 04 0.6 0.8 1
R ratio
2-23 R kb &AW oo B4R
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2.4.2 ARYA 7NV OTHROELL

2.3.4 HLEFARRIZ, R IEEE(ILSHTLHEIZBNTH CDF #BROREETFOOT A% L%
FRET L7z, ﬁﬂ%ﬁfﬁ#lﬁkﬁﬁvﬁ“ﬁmfﬁ%%l 2-24 (TR T, R ELOHIANT AR VRS H]
FHEIN L7, AU A 2 L O E [FERDER TH L &2 bivd, £72, REOE
fBick 69, WFhols 1 k7 V—7F, 27V —7, 37 V—T%&ii\=, %7V
— 7 A R TOTRERFSETH Y, 1R 7 U —7138 0~5%, 2 K7 U — 7134 5~11%,

37 V=13 1%L LD L EIc—FH LT\, T7hbb, K223 DFERLEDT, O
PTHREOBMEIL R ICEEET, 1A 70 H7-0 OOTHERMEOLN R HICEET 5
LHEER AN D, I, BRANOTHBEEIZHONWTELET S, B/ OTHEEICRET 5 Hm
& R EEOBIRE X 2-25 (23T, /N OT AR B BT 2 BAERFHE BRI R HIC L - T
D0, Fmb Tl LEBEIITWTE 045~06 FREETH Y, R HITIKDL R -T2,
B/ NOVT BIEEE & R ELOBRZ X 2-26 12777, R EEOHINZ O/ N O T A3 K T L,
R=1 4527 V=T CRb/NELShote, 7V —T7RBREHEHEL L& 21T, RiTE
ODREIZL>TR/NZ V=T HESY ERIEDLEB25Z L TX D, SLROW1 7
V& REDOBHRIZOWNWTOBLE L RO ZRT Z & L7220, BRfif& & W 5 BLAIEL CDF
RBRICBWTHERRFTHD EREIND,

[any
[ee)

16 ‘
< 14 —l t
S td 8 a2
< 8 AA
510 8§ AN
172) A P )
2 8 FX e®
2 00
s 6 o® © B R=0
- 4 ©R=0.33
2 AR=0.67
o R=1
O 1 1 T
0 100 200 300 400

Total dwell time /h

2-24  BAREORFFREH] & RO B2 L O BISR
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Minimum inelastic strain rate /s

Life ratio at minimum strain rate

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

) creep

0.2 0.4 0.6 0.8 1 1.2
R ratio

X 2-25 BFERFFRER & IR O T AL O FfR

1.E-05
1.E-06 P
(]
1.E-07 } ®
creep
()
1E_08 Il Il Il Il Il
0 0.2 0.4 0.6 0.8 1 1.2
R ratio

2-26 /PN OT A L R FEOBIR
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2.5 S

ARE TSN T B4 CDF Bbrih o 7 W52 2B 2 BHREELT29 2T, OFH
AR L ORIV RE~D 7 U =T OB e 5 Uiz, ZhITA, REORE, 7 ok
DB IS DL L THEIRYY, CDF FrE~DR B A HGEER LOBLE LT,

RO R Z LR,

o BUKAIS T TEB T 5 L FdhotE & FRRoE D RTER OB TITIFBRA TE 2, —F T,
Fha i ORI DTN TH 57 CDF Ffn~Z a2 52 T\WH LEZ BN 5, CDF R’
BR % OREWHIEME BRI TR E <L T TR Y, BULIE 0.92 LT 5
TR IBTAEE  X BT LT, RIS TH 513 & CDF ORBTIENE T LCF ORI IEM: 1T
W LTz, BRI 0.92 LLE T CDF ORMHIENEIC K & 222 kT2 2 & s
5, BWHEMD EIROFIED RE SN D,

® EMEOBIEERND, BIC/ETIET « I VcREEIND 7 UV —THENEK
THY, JRIEHHTIIA N T == a VITRESNDEBREN TR TH D L H#E5
Shd, BUSLIET) 0.90 BEDIS MK CIXEZERICEIHAA N IS =—va v T g
PINOEGVRBIEI N, EREOEBRR THLEEZLND,

® HWUuhEZUT hep MEDEHIZIH > THRAELTEY, BELLTWVRORME LT,
{1100}(1120)D > = 2 v FRFAEL, 7>, {0001K1120)D > = 2 v MAFRAEW D
EBRETFTOND, T, TOESLEEL WD ARERS D, Tz, KT
PNEHRFEMLEOBIMIENEL oo 72— T, ISR TN ERHOMEITR
O BRI T,

o [(REFFOIEHIEOT BT RSB V—TICTAELD 1R Z V=T, 2k 7Y
— 7, 3T V—T DX D 7 8E AN, B/ NOT HEE TR IR & < KAF
LTHEY, Norton HiZI T DI 1#5EI 56 TH -7,

® R LLOBEIILEOEET YA 7 3B L7223, CDF EZMEIIR & < o te, BRITATMT
OISR L TV D ATREENE 2 DD R ORI X & T EM L —E T
bole, Lo T, MEEHBEIEIXRKRBIRIGIKEL, —EOMMIEICREST D Z &
THEWMNZED E B2 HbLD, R EOEINZHEVR/NOTHEEIFKF L, R=1 &7
270 =R CTRbLNSL 2olz, 7V —T7RBAEEHEL Lz X2, RTEOR
oL o TR/ V—THEE LR SEDLE2DHZLHTE D,
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4.2 WIHEE
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Dp = CDF

= 4.1
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7277 L, NicrlZ LCF BRI OREET A 7 /v, Neprid CDF RREREE OREM A 7 L TH Y,
D& X OHRRBIRIGINLFE U TRTFIUTNNT 7220, £, WA 7 v ofin % & 34
K%K 4-1 17T, BEHEMREB LOARMIED 2 BOFRLY, HKGEESDNPRKEZ VI
& LCF ¥+ 7 /L & CDF Bl 7 VDRI R &< 2D, BT, wRSIER S0
/INEWZE LCF & CDF Ot 1 7 VOZERIT/NESL< 8D, /2, ZOZ LITMAT,
PREFIFRID B VIZ ETEMTY 1 7 WK T 5728, CDF W1 27 /W3S bis ) CTHeBR
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Wiz 194 7 /VH D CDF il & 723 2 & b TE D, ZDEH, YT ?E{EV@TBEW&
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FHEEEITWDP S Debit DB X FLFRFTH LD, ZHETED FREITRINLTHZR
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4.3 7V —7#1E
4.3.1 FrREIVEEER

U —THRESICB LTI, LT HIEAT R 5107 ) — 7RI 2 2 & 5 5 B e
Bl 2 Y — 7 RHENE & 518 & 3 5 SEMESRERIIC KB S B, OF BB 527 ) —
TRGRBCIL, BETIISOERAE L S, 2 ) — 7RIS NI & o> TR %
few, HAL Dy ) T UMEHAENET 5 2 L 2 BT 5. —HT, ALK
5 RIS EHIE OB AT, REF T O ZELRAE LRV, Lo T, LA s Y —
Z TSR 2 (S E & T 5. CDF B3 IRISHRFO 7 U — 7 Rt
LC, CDF #BRIC 515 5 A ORTA 7 ) —7HISE Tl 5 & iE5 L, N2 1(4.2)
RV

_ Neor X ta (4.2)

D¢ =
tCreep

7272 L, Neprid CDF BBRIZISIT DWW 7 b, tylIRFFREH, tepeepld CDF 5UEREFD
BARBIEIS IO L&D 7 V=TI CTh 5, £, RIS 137 U — 7 Wi & CDF
FRERIE O BRI 5 2 2 B0 BRZ X 4-4 1273, CDF o BFER R IC D
WU, RFFIRERE ST A 2 L OFEIC Lo TR SN D, ko X H1c7 ) —7 R % 1
PA TNV E ERT DHEBERDH L, RIS TIEY U — kW] & CDF o 2
FERFFE S — B 28k b o, —F T, 3T TR L 91T, BISHETH-> THIR
FRRF OB TP 57 & RERIC X A EE B 2 T, £ 0 X 9 G & I X R RFFIRF
MIEEL 72D, Lo T, W1 7 v & [AERIZ CDF B oo RS R & 0571 & DB
RIZBWTEHLRBREDIEEZ AT 5, £z, RISHAITIETI &R 7 U —7lr Lanz
EbBEEINTWND, MALDOHMETIX, WHD 80%LLTDISIDEE, BRIV —7T
L 1KYV —T %R LI BETEDME L LR 2 7R e o 72 418, 2D 7=8, KISl Tik
VP Lb 1A 7Vl 2R &9, 7 U — 7K & CDF SRR FFREE S — BT 5 2 &
AR AoV (R
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ZDO XD, FEEEFEROREEL 70D 7 U — TR RNIE, IS DK TIfEWIERICE
<75, b LI L ot b o7z, £ T, 7 U — 7K E S Tk
TORRIP ORISR ZIMET L2 2L L Lie, 7 ) =TRBRIZBWT, &IN7 V=T HE
LW 1213 Monkman-Grant B 25k D 37D 414,410 Monkman-Grant B D —fx =% =
43R,

logt, — my_gloge,, = const. (4.3)

2L, LI, e 37 Y — T HE, muc IERTH D, AFRICRITE2 Y
— T HEWERER T O/ N7 Y — TR L AT OBIMR A X 45 1T, X 7 mMfkIc K 6T
/N7 ) — AT LR 1L Monkman-Grant Al X » TEBGT 2 L83 TE, ZD &
O mma X 0.87, XA.3)DOLHLDEKIZ-0.4 THHoT=,

1.E+07

1E+06 | Teq

Rupture time /s

1E+05 ¢

1.E+04 ) —_—
1.E-08 1.E-07 1.E-06
Minimum creep rate /s

4-5 7 U —TWrBR T DR/ N U — T L AR o0 BAR

X6, e ) =7 EEORBMRIL Norton BIIC L > TEHTE LI TWVWAS
416 Norton B & (4. DITRT,
¢, = Ao" (4.4)

2L, ATER, nSHERTH D, — IR RMEHIRIT &R UV —7"TlE, IS
JHEBn 1L 3~4 THDH 419, £/, MiTIOFRRZ YV —7THLn B 3BRETHLEINLTW
541, LD, Ti Ba0RE7 V=718 Tt n NIEFICKREL D2 L a2k
FEOITHE LT\ D 417, Ti-6Al-4V OIS n 1% 30~111 &IEXH2ERHHH DD
41D418) R BB D 7 U — 7 L i U CIERIC R E 2 L 70 D Z LTV T o #H
ETHL—HETHEATH D, KETIE, Ti-6Al-4V 542D (Equiaxis A #f, Equiaxis B
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THFEH n 122\ T, BEROF/IME 30 225 A KE 111 OSFEETH 5 70.5 2 Hu iz,
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LI EX Y, Norton HIZAWTHMALIE IO/ UV —THEOHREMEEHE-OBIC,
Monkman-Grant HJIZ &> T2 U —7 el Tl 27z, 7 U — 7 iEWrRER o1l
Xz XM@H)IRT,

t, = 0.40 x [1.45 X 107° X (0/0y,) 7] 7087 (4.5)

K4.5)T K o TH DIk & R VS FERNC 3 1 2 7 U — 7kl & L, (4.2)%
AW TR RERNC & 5 CDF B> 7 U — FHEIEE ORI 21T > 7=, Dc & BisbIE o
BR A X 4-6 (27T, Fe A IO De ldgn4 2 micdH-7-, £72, Dc &R
R O BfR 2 X 4-7 (R §, PREFFER O De i3+ 2 micdH - 7=, 0T A
AL OE RO FERE DOFE Fo > & HAALIS T O, REFRER OBINEN T U — T DR
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X7z, Dc A’ 0.05 LA F ORIk gy & 241 & 2 MatEfkiE, D’ 0.05 L EO STk
JEVEREDRER &L —H LTz, L Led s, Hiid—H L7z bo0RH S/ Dol
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4.3.2 FEMETHFERI

ATE TR L7227 U — i briRe ] & B6vE & 3 2 I RIVE BRI X LT, 7 U — S ik
UL T DIEMEINRERINC K 2 27 ) —THREEFHN G miR 2 U — 7S O3 B Tl &
NT&E, 7 U —THBEE X O T BB ERAER S 0, OF B B IR IR A EA
Hb, LieidoT, OTHHEOEGEITIIREEFTIS IBRRFE(LTHZ L2k -T, 7
U —FHEMENE 2T 5 Z A BEWT S, —FH T, MEREOHAICE, RRETFOIES
BAGIFECR, LEEBn-> T, &ML D7 U —T7 T IE—Ele T 5, BHEXs
KA.,

&
D =125 (4.6)
5f7Creep

& cprlE CDF RBRICE T DIEWIEIETH Y, & creepld 7 U — 7 RBRICTI T DIEMIHIENE T H
%o Eiz, W 3@ DO X O SIS D DRSNS,
100 4.7

100 — R.A.
7220, RAGIKEYD TH Do & creep PEHITE LT, 7V — 7 RUMHENE TG ) O 5%
ERELSZTDHZEEZBETHLERD D, CPTi, Ti 54 (Ti-6Al-4V, Ti-1.6Al) D=

B2 U —7 R BRIZOWT, AT DT — 2 0 BIk T kﬁ&ﬁﬁt@@ﬁ%%%aﬁﬁ L 7z 419-422)
TR AEPE DMEHME I A & FE, BULERIC X 0 IE5 25K 3, 5 —EL EoISh s L IE5E
RBRTIE—EMlE RBMHEAN D -T2, D2, B RMEBHIEMEIC THIBRL L7z B e
EHWSZ LT, ASEB LOBWESMIC LT —HRICEET 2N TX S, 71U —
TR OBRACIENE & LIS I OBRE £ LD TERE K 48 ([T T, BUELIG )
0.8~0.85 |2 THISAVIEM: A T I T~ DA 8 - 7o, AWF5ED CDF iR ] b 7 U —
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£f=ln
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X 512, BIRALIGTT & BIRA LI DO BRRIC W T, B(4.8)12777 Johnson-Mehl-Avrami
DR AT 5 = 10 L 0 AHBIBIR A 185 = & AT X f 42,
=1—exp[-C(0/0p,)" ] (4.8)

e TRUEAL LIBIEMETH D, C L p IIMBIERTH D, RN _RIETT7 4 v T 47 L
TR, C & p TN TiLs5.28, 18.67 Tholz, LLEDTERND, & creep F4.9C T
JOBE L TEREND,

Ef creep = Emax X & = Emax X {1 — exp (—5.28(0/09)***")} (4.9)
ZIZT, o TMAMEWIEETH Y, —ELLEOITIZEB T 57 UV —7 et s L < iX
BRI IIT DIEMETH D, MMZ T, BKRMEHHEIEIZ DWW TR OT Al K TR & 5 R
TOMENDD, 7V —TWHIEMEITOT AEEIC L > TEET D EHESNTEY, K
WFFE DO Fad FERRPHIZ 3 1T 2 B A MRGE L7z, 5X107~1X 10181 O OT BT 5
EWTAEE: 2 X 4-9 (2R, 72721, 5X107s1 OFERIL 876MPa TH 7 U — 7R ERKFOOF
TR E L EWHEE T Y, ZOMITFIERBROFE R TH D, AWFFEO O Hl P Tl
EWHENE X2 R, &Y OFEMEIT 45.85% Ch-7-, CDF RO OTHEL TN TN
DEMETHL ZOOTHAEEOHBENTH -T2, LI T, RIFIEICET D gpe DIEITK
DIE 45.85% & L TRUADICTHALIEEZHNDL Z LN TEX D, LEER- T, EETEFER
IZ& % De OB HRUTH(4.10) & 72 5,

& cDF 1n{100/(100 — R. A.(cpp) ) }

Dc = EF Creep "~ In{100/(100 — 45.85)} x [1 — exp {—5.28(0 /0, ,)1867}]

(4.10)
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4.4 BIERBRBRIOEH
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