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Abstract: Possessing advantages of high specific strength, high harden ability and excellent corrosion resistance, ultra—high
strength titanium alloys have been widely used in high—strength structural components such as landing gears, air frames and fas-
teners. These structural components are often subjected to cyclic loading during service, leading to fatigue failure as a common
failure mode. Therefore, in—depth research on the fatigue failure behaviors and mechanisms of high—strength titanium alloys is
not only of great scientific significance ,but also provides important guidance for practical engineering applications. In this study,
we review the existing researches on the fatigue behaviors of ultra—high strength titanium alloys, and discuss the influence of mi-
crostructure controlled by deformation and heat treatment on the fatigue damage mechanism. The effects of characteristic parame-
ters such as orientation, content, size and distribution of o phase in bimodal and full lamellar microstructures on the deformation
behavior and damage mode during the initiation and propagation stages of fatigue cracks are specifically concerned. Additionally,
we focus on fatigue strengthening processes of ultra—high strength titanium alloys and provide prospects for future research on fa-
tigue of ultra—high strength titanium alloys.

Keywords : ultra—high strength titanium alloys; fatigue behavior; microstructure; crack initiation; crack propagation

W7 B #:2024-03-11

BE&TA . F5K AR E 0 R H (52071266)

EERN mRL, B 2001 48 AR, EEMNF SRS S MG, E-mail:981756523@ qq.com

BHAEE a1, 55,1966 AR5 Bz, BT A UK 55 o DI BR B BR AR 5 b RE etk 4 Jm AT BRI il POBUE FOR 55
5%, E-mail:lijs@ nwpu.edu.cn

SI AR KA IR, 55, 5. BRI G SIEIF T TR IEE )], MOET R 501 ,2024,39(4) : 110-122.
YUAN T J, ZHANG X W, JING J R, et al. Research progress on fatigue behavior of ultra—high strength titanium al-
loys[ J]. Development and Application of Materials,2024,39(4) ; 110-122.



5539 B 4 W)

R BRI SR T RO R 1L

BRA A FEAR LU0 S 0 ELs B2 T S i A A=
/R R o N i I P A V3 R RS [ N S R
AT DL R A W By P A4 7R as i R 40 B,
TUERHL S H e DAARAS T PR A A T B A A
IR Z T, P TR 4 0% PU 3R BE B A1 )
RITAEFEAWHER T BR, B, VR & Fh 2 A
(VR 4 v B 0 e e 1) — AR B K 4
TR T2 RE, R B k&4 L
1B % 20 22 50 - 3EE Crucible 24 FWF A Y
BI20VCA &4 (Ti—-13V-11Cr-3Al) , iZ &5 & #
KR T SR-71 WAL F 3% CHLAY i
AR T 3 Bk, A, & E¥IFEEO T
KRGSV, TR T — RPN EBA RIFLGRE
J12EPEREIERR B K54, 0 Ti-15-3(Ti-15V-
3Cr-3Sn-3A1, 3 ) \Ti-1023 (Ti- 10V - 2Fe -
3Al, 6 [H) BT22(Ti-5A1-5V-5Mo—1Cr—1Fe , 1§
B VLK Ti-B19( Ti-3A1-5Mo—-5V -4Cr—27r,
A ) ST SE R I R R A B X
B IREFRAS 1 100 MPa L | A8 & o | K
iR 2 W = 7 e el (SR = T 7 e e
THRKERBREILR, XEREGETE B KL
BT AT R A gk R A, AT DL
RWAEN B Bk, FhJE, X a+p HHIX
TR B A IR A 3, B A4 25 7 HS R o 4
INREIRY AR o A (o) DT 72 A2 5 B A A i
SRALRCRS X AN R BN B AT R SR, IRk,
RS ST EE B RE TR T
B FHAS IR ol A e YA A P N AT 1) e
WAER S1

R R B T RAT AR A TR IR A o AR 1
TR B R A2 AR B AaT , WS Vi R 7 e v 1 1 e
i, E TR B R R e A DA RIS AE S Y
PN EE , SR A A B L | BB S0 M Ak 7 LA
TR & 2L, IR R AR S HAE N
E NI e VAW Saale VI E L L e b &
WAl HOH W 240k #2 o BAEJE , fa A ok, #
Geit, 2 Wi R A0 Hh DR 43 BB A 1 2 S80HR a2 H
PEIRG R AR, MR 57 0 k™
B E AT AR B T RE T, R R 9 55 P
RERBITIEM I A E % &, A, AR R
LT RS B 14 R DR AR — S (9% 5 1k E AR
FFEEHETE, an uh 5L S 3 7E R PR /=) o B

BHIE , RO R S g 4wl L, 2
S A A 57 PEREBR T T A TR g IR 4
SR A G 25 S, ik — a5 T SRR S 4 ) ik
FICREZ, E 1 iR, TR LT Ti-
1023 A4 il 1) T FHBIL AR 28 19 9% 57 2R 30 HiR 3
W, HATXHE SRR A A% 57T M A R
Fear0T0 A LR Tl i H 28 % 8 1T AR W ot
A A 57 T R Hh R AR R AT
BLEF X HIE 57T M T SR — 25 IR TAE

1 Ti-1023 B F-#H13R 8 b ge i S s =2 45

Fig. 1 Failure case of central component

of Ti=1023 heticopter hub!*’
ARWFFERT i 9 BRI 5 R A AN
B B (957 B0 A= B Be Y BB ), 43 il A
ST RN 20 SR 48 1Y) # BE Xof A S AF Y 1 e
A7 S5 BT, I 28 6 e s Bk 4 Hh 9 57 5 i o

WF-Be T e | it v 3 PR A )
5SS BT 4 8 B

T N

1 #EEmEAke el 7 ROHAE
TH

1.1 S RGEIEENL

— R UL, 7E 4 S A RHIE BRI 2 A v, JL
R N S S R A B A AR I R (H A 2
N e R v s S BT e U = s et )
FHIE, TEEKA &, 9857 N B2 v i) R B A
B — GRS TR HE N 45 o A 7R
a HHPIHHE 4 BB R XEHEE R
(0001) <1120> A1 # #% % (1010) <1120>, —
UHET RS 2R (1011) <1120>F1 — YR HE 1 1 7 £
(1122) <1123>, Hrp L g % R fAE mig % &



S 12 MOB O & 5 R A

2024 4 8 H

W H B BN RN, 5 T
IR, 4 RZHUE BT, AR T ¥ R A I 5 bl
Fitr /N o MR FEEARFE AR A
& F Ti-55531( Ti-5A1-5Mo-5V=3Cr—1Zr) Fl
Ti-5553 G4 5717 M 5E R W, o #H A A
T AL ST BB A0 Liu Y R B 7R
TC17 ek A 4 (Ti-5A1-28n-2Zr—4Mo—4Cr)
R T R A e AR R P R e T Bh
Wu 22 HRE T Ti-7333 44 (Ti-7Mo-3Cr—
3Nb-3A1) TSGR B AN ML, TUE
SRS SRS A — S o AT AR
i F (1010) < 1120 > & 3 i 8 % &
(0001) <1120> By FF 8 A 3¢, (E1RHEERE, 75
a+B BUHLE o BUEKA A, 9% 55 a0 iy Wi A= 11
SREE A K Luquiau 2 R B TE Ti-
6AI-4V &4 9% 55 N i FE v, B AR A TH I B
ZITh SR 2 (R L R A ZLE ) £ 3
RS &, 3X AT e 5L e DI g FE R 7 e fR]
YER PR B A 56, %L EE LT at+p Y
FUE o BUER G 42, 0 H T M R A ¢ T 1 ot
HEESHGW AT BRPAFEE R TP LR
REME

e R B A TP 57 L0 W A 7 R B
NRZH 225 ) A U, JEHOZ X o AH I AR FR 43
B IESM AR, X TR EEAE B AR A
IR &AW o M (o) MRS 44141
& o AHIE R RS R 1 o A, Az 58 3 7
FEHBEK, BB RN E, A0t
FERW FEARIE LR, Ti-55531 A4 P o [
R i FAREE AR A, B E HAt X R 8 T 5
FE A2 R 2 B %A 4 R
MBI ETE o, 41 2T 2405 T i 0 1T I, i 46
75 0] 5 gk 7 [ 2 5L 450 35 K YIR 175 W)
BEXT TC17 SR 48 = JA 9% 55 47 0 i i 58t 3%
B, o, DX I L B A R ) 4R R AL A0 3BT
TN TR AR A G 3% 55 N5 1 KAM & v mT LA
BRI ARG o ORI — PSP I
A, AE Ti-7333 Rl Ti-1023 A4 A o, 1915
R T HF 240 1 220 1 A B A 4 > L e W A
EA o AR SRR A T 9% 57 RS0 T g
W AE T HA S R U 1Y) o, ARLAL . FE95 55 0
AR, o AORLIN AP TR RS, S BUE S T

VTSIt Ll Y-Ch e T ATE T T
WA TR B o AER 4 4
BN R R AT o RO B
AR 52 A TR BT 1 7 18] & 0 1E 1 )
S L IR0 A T ST R WD A4
BERIE R A 53 76 6k £ 4 55 2L00 01 /8 o O 1
PG HE— A BFTE 2 AN R o, 4
AT 51, BFL B A o/ B R TR T 4 S A
B B A 4 T A HH B BB T a0

gtigue crack

B2 Ti-5551 &R HEEMED

Fig. 2 Location of crack intitation in Ti—5551 allay[m]

3 ZEERAESMHR TCI7 HKEEHF o B KAM B!
Fig. 3 KAM diagram of « in TC17 titanium alloy after

ultra=high cycle fatigue loading!*"!

TEM R kG a b, BEE o A BRI R
SER DS, AR 9% 55 24 80 A T i 4R FH 32 e
559, AT ARAG T R R D o AT
I o AT TEMIEOLT, B T o MR
SRS, B B AR b, ik R RS H
VEFE, 24808 A= LT 2 R 0k HE B iz A AR
WE 4 Fias, B-CEZ 44 (Ti-5A1-2Sn—47Zr -
4Mo—2Cr—1Fe) TEL 5 o+ AHIX B [ v b P )



5539 B 4 W)

R BRI SR T RO R - 13-

B HAH A & A —E 1 o, 2 T AL
DT B AL A BN R T
MRS S A KRR B RETTER, AR
TEAVEHI 245 B AH AU AS AR 38 BE 8 T o ARG,
PRI o, o #H (A0 o) )8 T AU Y
SR E B R L A A R
e B H AR AU AR TE SRR o P A A 2 R
FH M B AH AL R AR AR B o
LRV Y e o 2 L a5 AR oo =4t g
Ti-55531 &4, RSO AL W F 2 AE o
A—M = A=Y AN o BOZE S TR i E A A
[ 3B ] PR AR O, T A S [RI T AL T Y o SRR AER
S AR T DU B — A 201 3 o A
RefE it o SR AR RS AT LA A 3 o7
B H R, B A S RBRTE SRS o, 3
MAEHE 7 2480wy 2k . 78 B A N 48 41 210 Ti-
55511 54 (Ti-5A1-5Mo—-5V—1Fe—1Cr) "1,
HHGEUEA RSO AT o FZ4ER, LS R W
R Z
il

4 B-CEZA&HMHYBFEME™
Fig. 4 Crack initiation location in B—CEZ alloy

BRI o AN HL R o FH (o)
WRH R AP 5T KRBT E o, LR
MEM XM ES ST S KAEZIENKX
BV S BRI RIE £ R AR EUE BN
AW R BCE W R W 2E, S 3G S0 57
PERE TR,

(B E R 78 A o 508 B A 2 /N R
AR o, IR R RER A A, B E 2 o A
(R RE MRS R T 252 3] B AbkLAsZ I, A B
TR A S B HAHLN Ti-22V-4A1 &
Grh HE A 2RSS B sk R ST EEE,

[32]

LRTF o B9 WE S i, Wu &4 W56 7E
T B AR H ) X L A Z T A S & B
SiAE B A (110) &b b resE

5 pm

5 Ti-22V-4Al B &R £ LR zIE™
Fig. 5 Facet at the crack initiation site
in Ti-22V-4Al alloy*

5 BRI o, KK o AR OE A
0Ly, 1 e SRR 4 1Y 2L B0 AR A B AR 5 A
RS RORI o A G, — 71, o AHAP RIS
2o T8 5 —IJ7 i, ROF BRI o #HA] DL
BET R AT RO B BB, DT A2 E RS0 i 2
SAG0HT A 1Y SRR AT DR A Ay B T B T S R
TERA Gy BRI LR o AR I3, B S & A4
VRS, S B TR B P AW R R
TESM A i ZERR I I [FIME R T, 8 B8 T & A= B
SO WL T, BC7E ST BT UL TR 2 1 3
3 at+B BIFIE o BYERA 4P A AHLAY
ZLLCH A B, X F A T RS A 0o
RO YA SR R, A, i TR R R
R A FBE AT A /INVREG A Y o AT
b, PRIAE X R S B A 2H S ) S i A B 22 3
ZH| B ARLIFEA

P T 20T A AR R RS b
—AMEAR T 1Y% 97 L B0H AR R IR X RIS
TEHAFR ARG & P S AF e . — ORI,
P TR T DA 3kt B b A7 A — 2 R B 1 s 1K
EAR CHUBEBEAR N 0)  MHOBHR 2 ) 7 A v ) B
R | e T B T AGESR /NN A3 2 4]
TSR /IN, PR MG 9 55 28 SO 1) T 76 A4 ) 2% T
A=A A T A R I 3 T B P S s —
PR H A RL N BB AR A AR A A B A5 [ 2 1Y
BAEOC T v R R 4 U AR T A S0 A L4 Y



114 BOR OF % 5 B

2024 4 8 H

ST b, WA AL S FRAF 45 38 B 7R RAF7E I
(IRFIR A R B L 2 974 Chandran 25
Ti-1023 &4 o HIFEI A 51 & RS0 AR 1Y
PIBRRIR AL ZY, JF IR o, TS AE A L 1Y) 26 T A
DAL XS5 A ) 23 A5 A5 T A o3 A, AH I A SR R
T A28 SRAR G kB 1 9% 25 e rh b R R T
W RS ARG, E Tha %7 X411
T Ti-6246 445 (Ti-6A1-2Sn—4Zr—6Mo ) F19% 55
S4GCH A A AL SURFAE DA R 78 R 28/ N 2R B L
IR S T R S AN A SRR B,
QUEA WA, BA RS & h R a4
8 BFRHE R, A 2 SR H B 2 i #%
W o, 580 o R RETE—E, B4 HRES
BRSO A BV R A 21 5] 3 F
S L AR AL T 8 LA /IVBE S B R A1 418
5) MELASEATHER . FIRERE TS50, Shi %
X Ti=55511 A4 M9 2R R 24800 A ML 3 T
— PR, TA AT 2 1 DX L R AR R — /N
43, DRI 2 R PR HE B R K o AR Y AT RE M
T ey, T SO 3R T S0 A 0 AT R T
{HIZW SR T i — 20 B IE

1 TR EK S 4B 1149 55 SR S0 AR X n Tk
R A WG T U, i EK G At R
FEA L AR AR FL AN e 2 T DL T S A
il Bk A 4 AR TE B SAL RIS A XD R A
ARG HB 25 T 7 A 0 7 4 v RN 55 24 80l
AR, T G b 3 K G B TR o B AR
SREVZ SR , (5 R AR e ad AR v i [
SR (R 57w BN O )28 T
ARG BELAGF 0 XF T4 s Bk A 4 7, Hegh
P — AN A LI B e 2y (0 A B e i v
PR IR AT R s — ELIB S 2 AR AL 3 45
77 FH ) R 30T ) it b 2E S P A SR X35 7 71 A
A T T A Ty R 55 B0 A DL S B R
4151720 Chandran 26 BB Ti-1023 &4 1 H
SR o, WA A A 2 1L Ry 9 5 284 800 A Aot
B PRI o PR A BB, A0 v i K
BaehidH Fe JTREN B FoEICER, 41 Ti-1023
A4 Ti-5553 4 4 Al Timetal - LCB & 4 (Ti-
6.8Mo—4.5Fe—-1.5A1) %, T Fe TR EAEY
R Y H S R, A4 2 E B i
RHARTIE AL 8 B, ERRGER T, T B 3N

o MHT I 6], S B ROR ARG AN R, H I
B BETEMEA MR S e kAT Zeng 51
et B BEZ N ) W AR A 25 i S A Ti-
1023 G4 mIREE 57 YR, BR ik & 40
HE BRGSO ER G 4 1Y R IR AS X% 55
PERERA R KM, BN, Ni %0 & 3 sh i 1
UM 2 A1 TB6 £kA 4 (Ti-10V-2Fe—-3Al)
B 5 SR 5 P R, Chi 450 & PR 24 26 1 it [ K
T RAT I 9% 57 24404 N TC17 BB 43R
T o A 1 A4, AT RV 25 5
1.2 BRI HLHE £ FE R

A R AR A AT LA i A U P L LR A
F1APERE R DL IR O H AT B A KR g X
W AE T 20385 A ARRIALERE 41
P57 PEREHFA TIR R . TE AR 57 S/ AF T 9 55 75
fir FEROR TR A Ha T X TRREY
AU 2 URFIE X RS0 A 75 52 e (9 BIF 5T
ZERAISAAE . ABFRERY, BT o fER L
Az B B AT LAZR 32 B 2246 B JE O, TRt B A U 2
4 Ti-5553 e FEA FZH8 M 2N
W R A SRR Y oA HFIT R W, 7 TC21
BEET, i 24800 AR Y B MR, RS A ] 3
PEEAR, HIZ A S R ZHEURES T 2B 3
T % S o Boyer DTS T Ti-15-3
Bt Z 0N T T2 R A L B AL B S
TR SURI Y RE BN, 2 B H % 55 58 B 5 o0 41
ZUNH B R, e SHhimE 2 HIECR,
KRR B AR B BG4 9% 57 1 B B E 1Y
ST R BN FEAF LRI R 5 00 9% 5F
S I OW A SU A TR TR, SR T, & A 9K
TR AR/ o, ) 4 202K 1 [) B EL AT e s ) BT
o7 50 8 % 57 SR, ARAR R B AR T A S
BERPESTRE D AN, ROE /NG, g
BRI 5T PR RE N, X ee s A R
ANAL AL AR S S0 A B AR A0
A, Kocan %52 4 5T Timetal -LCB & 4 1A 5%
HUR IR, BT YR RN AR Y SRR B A B L B
I RSB AR B K s 33 s [ s B 8 88 v 4 1 %
SR, — BRI, AR R I IR N AE K s 5
]2 T80 o WHLAL, (AR50 B T R ST
FARKAEIY o 38N EE F i R, (VR 5 5 T
Bl (B 5 90 1 ) 4 et BB i B 4 FE 28U A



5539 B 4 W)

R BRI SR T RO R 115 -

W Bk 52 B8 22 I TN 280 2R JR1 UK

2R B RN R SRR A I 57 MU A T
A AT 2 U R AR RS Z2 R O SURRIE 2 g
X 57 5 B A s DR L AR e A a7 L 2R 2R AL
I 57 R I 2 (BB AR B X R e &R (EFE — B
T, o AHEY AR AL BE A5 A AP S R R A 4
A% 750 % . e KA o AR ST 7 220 A B B
IR RS AR, R U] o AHAY AR RS AT g
A S ROUE 20 SRR 2 B0 A R T e 1S
Bz — A EARYE o AR dbobr R R iy i 41 20
PRSI AR BT, 75 2456 HoAh
ST EAER P

A SRR A 4 ) Al AR T R Al Ak Y
o AR, SR B AH/IN o SR RE [R] e 32 v K
BA WU S R, TERmEET,
PUAoER B R 55 9 B — MR R IE AR G R 17
W, eI Bk 1 650 MPa B, Ti-55511 &
G W98 55 5 B L Ty o B AR I R 2R AL A 4
T 0k 5 A Ak bR A LA BT A T
D] Sy 3t 3 KA A P A 1 5 A B o e 2, P
DAFERTHL o B R B —E BUE e, 9% 55 ik 2 Pl 4L
PIoE B RO R I R R A R
JEE R, R B T AR SR R R AR
B A% o5 PR BB 5 BE (X T, MR T LR £
B KO (0 i R R 2 AU LA R AR
TE VLGRS 0, F1 A R IkE 2 5 AR v 178 e 11 0%
P U0, Drechsler 251 B AF 98 2 B, Ti- 1023
Be i UL T 1,

2 HERAELWETRAY E
TH

2.1 ESHRLY EYE

W ALY R VT UL A A B B, AR SR —
BBt , S48 T 52 1 138870, 4802 v BE A4 XS R
LA ERRL N, RS R YD 7 07 [ [ A 1 7%
RN, SR AR JE S RRE A fif 2R %)
I, fEEKA &, MU — MR FEE R 280 A=
{7 B AR 2 TR AR, 7R 5 A A5, B A H B 5F
KEBUESHS, — st R, R AT RE N £
AZ T A BIE RS0 A iT LI EE 2 th 210~ %1
T WG 0 5%, G 6 First ™) 7 i o Ak
B AR T 5 5 A B BT AR X

(RURHY R AR AE 0 3 U6 B 24 80 ) 1 7 g
SEEN T VIR e e TR AR R
A, o TR v B DI LS TR SRS e
TN O AR+ U, DR SRS e 2 5
A R 6] 22 5 45 DR 3R R T

Bo6 TCI7$& &R BOHAM 2w HE
Fig. 6 Titted faceted clusters in the early stages

of crack propagation in TC17 titanium alloy"*’

TR BB, REURIR AL X YK, RO
A% R XS RIT 8l RECHT KFIr [l 4 i, Bl
UKL AW N, 2E0E W 9 KA S
2, BB S A R S 4 0 vy B VR A, —
B BB TEAURE Y 955 AR BU B X —
B B A MR AR AR AP 7 R A R
BRGah J97 R B IAE o BORLK o 4
Ab o RN 22 S i 22 B 57 25 805 1) A A2
AT R o ARAESR AR ELo ARZE Y
A KR IBIEARIY | I IHOE 55 4% S0 S0 A
[RINF, 2% 230 o] B g 0 F 45 SRR W o, PP R
AR T B AR IR,
TEZELY AN % 55 2 B0 — PR BRI Y o iy
KL I, BRSO e ARt /N T figp S
JEATEIR ) o SR

B 7 Ti-55511 A& o, EAIES £
Fig. 7 Fatigue streaks on o, in Ti—55511 alloy

[36]



- 116 - OB JF x5 8 M

2024 4F 8 A

MK A2 o 412400t F 280 i
o/B FISAE o FERNY R, KA 5 B RELL
VRBANmIT, JEH, SRR SR, 2 o
AL I e — B0, S 80T e A 1) e B R A
R, W T St AR R 7 — ARAE AR A5
HZHGPFES W L2 kg
R, HAL N F e i S B R R
TR, #lan, 7€ B-C A4 (Ti-8V-6Cr—4Mo-

crack propagates nearly straight-lined

47Zr=-3A1) | B IR KA G A R LY R AR LA
R S T R AT, Al 8 TR Y Tha 45T
M Duerig %5 " 58 T o PR o BF55CAb 2
X Ti-1023 Ga 289 R, LW o B
P AT PAG | RS R AR W IR 3T, X RN o
MR, FECFHIE S, (IR RNETEY R
ANF B Ak ES AT, PR, AR L T2 o BFAK
b PRI ST, o B 2500 B 118 B JIARLRES

(a)

zig-zag pattern at the crack tip

b B

8 B-CEEHMARYY BHEDY
Fig. 8 Crack extension paths in B-C alloy

2.2 HMALXALY BIERHFN
TORZHZUX 2L e W A 0 9 e sl 2 At 355
W, 53 A GRS R T 5 57 B 435 7 B8 S0 R i (1) 1
PEXRSFAH Y I, AT g & S ECR Gy R R 7
B RS R R A 5 A s A
BR2E AN —2, filan, BRI AE 7E R o B T
AK IR TRE R TAME AK,, B, 248059k ae ™
JE S AL R ORI A,
Ab B R At A AR 2 PRUROW 2 2 A8 Ak T

(a) N=12 000

b N=13 000

[38]
FAE Tk Rl I G 38 R AR R /N 8Lk
N, —SERFE R A R A D, AR S
X /NGB P HE R, Q] 9 TR, TB6 £k
S /INHE L7 B AR LS, F LA 2 R
JEI ) Xue %78 ok R AR AT X SR
WG AT S T WAa B BIEk A 4 Ti-22V-
4AL H /NSRBI A AT R TR R B SR e /N
SUEA BHAHE , F H/NSCTE S N R i 2R
B T RS S AR Y R R,

©

¢ N=14350



5 39 B4 4 1)

R BRI SR T RO R -7

(d) N=15200

e N=15710

f N=16 380

B9 TB6 kA &EHMELMY RTE

Fig. 9 Expansion process of small fatigue cracks in TB6 titanium alloy

BRI A AP X 3K, 7RO SRR AIE
RN T 3PE COR SF I, B4 4 e 252 1
WL VAR 52, Bk A 4 HRL R 1 B 2 4140
AT LAS SR IT , XA B E K L 3
BRAR BN SY R A RE R ARE , IS RE A 2 S
I ALl 1| 1 RUR A 280, AR R 8 b
M RN 0 B R L oAb BT IR 2
ST 2 TR RE RGN, 5 & M B0 B
J7 77 Schmide 258 % T HLA RUER A Rk 41
411 BB KLU B-C A E MLy BTN,
S5 RIS S TERAE N AH SURE T, 28
J S BV L 2 TR ARAE s 7F B IR KA ZUIRES
NI TG, R G AR i AT A 4y
LTS ECY R T IR (B . Huang %59 78
Ti-55531 A4 ML) T RIS, kW% G
SAE R R LVIRE T ALY R AR e UGS
HLUIRAS T Wil , S B0 SR A BT 8
JERETT, Y )Z A1 X — FRAF A ) BAE 5405 2%
FRAIER A & rp A & BB A B e —
A LGEE R B IR kT2 A )2 4 S el IR
PR C 2 A RS, XTI R IR A Ak &
S il S A, RO AR AR a2 B, 2 A
H I L S BRI B 2 BTN 2 R E
FRSEP Wi, 5 AR R HSUE B R RS
ST AR T A — R E S TR, B, A
WFRFEW, Ti-1023 4% B WIEN 244!,
FLR RN oy S, A4 T — 2 MR = T3
P, T 2B A5 25 PRSI 2 R 3 B ]
IR A BRI, 2E D 787 KHLAY R P54 il
FHER B 1B KALFRAY Ti-5553 &4, 7EARH

[68]

9% 57 SRR B 1 S Dl v | R S A R
AT REE R T, 2480 i T S 2 W 5
FEAE AR A ARSE R , R G 55 R
TR 10* JE i, 280 4k AT 1078
W, BVREEY i i i 6 T R 4 1 9% 57 A
X R WA R 9 57 45 iy =52 B a0y e i A Y
M7 H T, WA R BRI R SR B 2R K
W/ TR JE 9 57 R AR R BER Y (AR TE RN
S A RGERRTE TC17 BK& 4, BA S i
WA LA it Ay R i, R
BEAE TR A S B T4 = T 2RS0T &
ARG HH SR | T AN S K o7 A
g5 b G R T o 10 R B it 1) 4
PEIX RSEASTA], % s ek B & R 8Ly TR AT =
SO VR IE A TS T], R S5 b
RS 24 A 3 20 23 A 4 P 4 80 e 7= 1 B
SRR, ARHIRPT Y R Y EE ) — Oy T R
HATERINE: (B R A B R EseE ) , 5 — 7
T2k A AEAAERIME (e e A i ih A i
YE) o TE/NEU B, B A IR, T 2L
PR EE S EEORIE T /NUEHORALZ, W o/ B
SIS B H AR LU ARNE R 5 K S 8r g ity 9
PEX A, HAE R = ZEE TRk B 22 W00 7 2
PERE , Hor HA B 9 1 DU E ) 2 40 4 S PR
AT AR ARAEEIPE K 2R 5 R 2441
VAT, RS & A R A LU AR AAE B Xt
PRy R OE AR R, il 7 p-C
G4, AE NG AL R AK, (IS = T
EERUR I, W2t B IR A HS 12U R Y
AK,, KW= TR



S 118 - MOB O & 5 R A

2024 4 8 H

3 & BR AL E AR IR

FI R AR P THER G 4 9% 55 R AR 1 LT
Bt 3 i e i s A A B AT DUA SOE KR A 4 R
LG ) FF A, H LB R T SR AL T AR L
PRTAL HOG bl A RE B R BT
A RGN T45  JLAE FHLEE R 2 2 7 44 k)
T — R GIAFRA I T, AHEIE — 8 55
% S5 A B PR 11 Ak, ST B R RE )
AT AR 28 P A R B, TR IR e i
A

A, 9045 Fh 2 i AL AL B G T 25 2 800
SERAL AR 52 2 e SRR A A 57 iR AL AT Y
() Ty ], At/ R R SR K M T
FRRIE TR # 7 PR 2l B | 3= %l 7 1 I ik
S5 R XTSRRI s 25 T SR A B
L BN G FEAY S B AT o T A P 43
WERRA S WS ERE . BN, Kocan 251 (Y fJF
ST, WEHLFE AL Timetal -LCB 4 45 3 7%
AT TR AR AT R R 1 BRI F7 R E T 5
B A il R B RS B T R N, 3L
25 1o 1 Rl 2 T 5 Ak A B A SRR 8 57 1 A B
R 2 1) E AT H A 6 AL PR, {H Drechsler
ERE TI- 1023 A AR R, MRS 2%
AT FEL i ' Ak PR R 1 A7 6 L, IS AL RN e Ak
PR REE 9% o7 VERE A B e, HWEEEN
S SR E R 5 IR T T e R AT
R, A HGETE H, BOALREAEFEAL TB6 Bk A 4 Y it
AR | 36t 108 B 76 R [ B3R 50 25 1 T, A TR
(9% 57 AL T 2 RE S B R R AR ™ L BIA
FRAR TN 7 2 3 T i Ak b 3 A 3 B4 FHAIL ) o
TR AT B RS B AT A AT AN TR T2 A Ak
YEFE . AN ARAA 4 BF 9 T F JB I ALAE
TC17 =K A & b = A sk AR N IR A, k81
TYEME LAY fie Rk A 7 T B R R A B TR
TR M AU RS 25 T /K R T AN 22 bV,
FEI AL RS B AIG, 97 s AL RUR Ay, W R
SR T TB6 £k A A Ot b + MEALE A
TR AN 13, % B A i AR TR B 3R AR T Mt AL
A s O3, RIS LT & (0 5% 43 FE R K

FUG B ER AR RN IR FE S, RS &
B9 57 5 Ak T B AR AT DL $ ik B A 2R A T 41 41
P BN, Berger 2% & B, B-21S 44 (Ti-
15Mo-3A1-2.7Nb-0.2Si ) £ W AL J5 2> 21k £
PERT RS, B 50 R o o, 4 7 W0 AL 326 1o o
I VEREME R AT, IF HL R BUIK O % E RIS AL
IO R A 7 R

iAE 2 1w 51 A B 4% FE R 7 19 5 4k T Be A,
Zhang %" I8 4RGE T HLRE vhil X B-21S B4 0%
S PERE R BCEEAE T, FAE AL i i f i v s
YAl o, LS BEAR A A 2% B AR P L ) 48 v
TR

4 Hib

AT FE RS i i i B B8 57 AT O B R S
FE, IR 55 RS0 AR LR IS T 25
IS se Ty (I

(1) Z5RhIA o A EHIRIRAE o AH B 2R
UCE o A B AT X 9% 57 28 S0 A AL = A 2
R

(2) 4004 o AHAY PR R BRI, 9 55 24
SO AR o AHAPBAE SR o MTAOIARER
BRI R o A RARAURI S o AL 3 A%
HREFEAENE,

(3) BB/ NEHR A o TR HLI A1
T B FEAAI LW AERR T B AL

(4) TERE 97 RELY R fi b Ry J Az
SEWOAH LR, I H R A 5 R 8Um B IX
JOT AR S A GO A 2UA 22 X R B0 R s A A
WL AR, SRR OL T, SRS R B A 37
WSS R AF A

(5) 38 1 PR A % 1 58 A T A 31— n LA
AR T e R R < R 57 P RE LA T ML
T H AR AZ 5N S RLRIH — 870 55
MBI BIL R F7 5 b4 g SR P & A B, AT e
IR i A, B 5 BH A 2 1o 5 Ak T 220
ZoBAETIYERE

FIRUOC T iy o PR < RS0 AR AT O A F
FRZARIRAEB G A L /D3 H 32 S o0
PLH A Z AL 32 5 ¢ R BIIRATHE XTI



5539 B 4 W)

WRZ G BRI B

ST AR R <119 -

TH] LB AR SRR ORI G, L i Rt B AT A 32
B A RE, A, i TR ARG & o K
FUEA N, B o, AHAH /N B 5T SR ELA A
T BT B AL o/ B FETHT AL FE A% 126 7F 54
Ui AR TEER ST T A AL S0 i v 5
BRE A % 57 PERESZ R i T AR L A TOWLHIL 1 1)
i1 T HEATAE IO 2R |, I SCTE RO
ZUFNE 55 VERE 2 1] 5 3 OC ZR I ST, LAV T8
R Rk B B I 97T N

B2k

[1] KOLLI R P, DEVARAJ A. A review of metastable
beta titanium alloys[ J]. Metals, 2018, 8(7) : 506.

[2] COTTON J D, BRIGGS R D, BOYER R R, et al.
State of the art in beta titanium alloys for airframe ap-
plications[ J]. JOM, 2015, 67(6) . 1281-1303.

[3] SKZESE, G, e, F TRE B REaN
B AETEALE S A R RET S HE R (] B
ARIEMES T, 2021, 50(2) : 717-724.

(4] sk¥is, e, WE T, & FalmsRiIEE g 5k
GEB TR AL S #HRRL)]. Hik
HAR, 2023, 44(5) : 411-418.

[5] SHI X H, ZENG W D, XUE S K, et al. The crack
initiation behavior and the fatigue limit of Ti—5Al-
S5Mo-5V~-1Cr—1Fe titanium alloy with basket—weave

[T]. of Alloys and
Compounds, 2015, 631 340-349.

[6] ZOUCL, PANGJC, QIU Y, et al. The high—cycle

fatigue fracture mechanism and fatigue strength pre-

microstructure Journal

diction of compacted graphite iron[ J . International
Journal of Fatigue, 2022, 161 106881.

[7] PANGJ C, LIS X, WANG Z G, et al. Relations be-
tween other mechanical

fatigue strength  and

properties of metallic materials [ J ]. Fatigue &
Fracture of Engineering Materials & Structures,
2014, 37(9) : 958-976.

[8] SCHUTZ W. A history of fatigue [ J]. Engineering
Fracture Mechanics, 1996, 54(2) . 263-300.

(9] BOUR, Wdlkds, skmede, 5. BTMLIEILER G &
BB AR R RO P RIE T AT ] %S i i
AR, 2010, 53(20) ;. 68-72.

[10] L&Y, A, BEE, 4. FAE ML Til023

BRAE G b A BRI S5 IR R 3 M [ 0] ELTHAL

AR, 2008(4) ;: 33-36.

CHAN K S, LEE Y D. Effects of deformation —

induced constraint on high—cycle fatigue in Ti alloys

[11]

with a duplex microstructure [ J]. Metallurgical and
Materials Transactions A, 2008, 39(7) : 1665-1675.
[12] ZHANG Z, HUANG C W, XU Z L, et al. Influence

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

[23]

of Notch root radius on high cycle fatigue properties
and fatigue crack initiation behavior of Ti-55531 alloy
with a multilevel lamellar microstructure[ J ]. Journal
of Materials Research and Technology, 2023, 24.
6293-6311.

LI W, XING X X, GAO N, et al. Subsurface facets—
induced crack nucleation behavior and microstructure
based strength evaluation of titanium alloys in ultra
long life regime[ J]. Materials Science and Engineer-
ing: A, 2019, 761, 138055.

TANC S, LI X L, SUN Q Y, et al. Effect of o=
phase morphology on low —cycle fatigue behavior of
TC21 alloy [ J].
2015, 75: 1-9.
SKFE K. TC17 BhE 4 = Fh BLARLL S 9% 55 5 T ¢
PERERTZE[ D). V4% . PEAE TR Y:, 2017,
JONES I P, HUTCHINSON W B. Stress —state de-
pendence of slip in Titanium—6A1-4V and other H.C.
P. metals [ J]. Acta Metallurgica, 1981, 29 (6):
951-968.

BRIDIER F, VILLECHAISE P, MENDEZ ]J. Slip and

fatigue crack formation processes in an o/f3 titanium

International Journal of Fatigue,

alloy in relation to crystallographic texture on different
scales [ J ]. Acta Materialia, 2008, 56 ( 15):
3951-3962.

LUQUIAU D, FEAUGAS X, CLAVEL M. Cyclic sof-
tening of the Ti—10V —2Fe—3Al titanium alloy [ J].
Materials Science and Engineering: A, 1997, 224
(1-2) . 146-156.

HUANG J, WANG Z R, XUE K M. Cyclic deforma—
tion response and micromechanisms of Ti alloy Ti-—
5A1-5V-5Mo—-3Cr-0.5Fe[ J]. Materials Science and
Engineering: A, 2011, 528(29-30) . 8723-8732.
HUANG C W, ZHAO Y Q, XIN S W, et al. High cy-
cle fatigue behavior of Ti—5A1-5Mo-5V-3Cr—1Zr ti-
tanium alloy with bimodal microstructure[ J]. Journal
of Alloys and Compounds, 2017, 695;: 1966-1975.
LIU FL, PENGHT, LIU Y J, et al. Crack initiation
mechanism of titanium alloy in very high cycle fatigue
regime at 400 °C considering stress ratio effect[ ] ].
International Journal of Fatigue, 2022, 163, 107012.
WU Z H, KOU H C, CHEN N N, et al. The effects
of grain morphology and crystallographic orientation on
fatigue crack initiation in a metastable ( titanium
alloy Ti - 7333 []].
Engineering: A, 2020, 798. 140222.

LIU C H, XU X, SUN T Z, et al. Microstructural

effects on fatigue crack initiation mechanisms in a

Materials Science and

near—alpha titanium alloy[ J ]. Acta Materialia, 2023,
253, 118957.



- 120 -

oM OF R4

N H 2024 4 8 H

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

HUANG C W, ZHAO Y Q, XIN S W, et al. Effect of
microstructure on tensile properties of Ti—5Al-5Mo~—
5V-3Cr—1Zr alloy[ J]. Journal of Alloys and Com-
pounds, 2017, 693 582-591.

JHA S K, RAVI CHANDRAN K S. An unusual fat—
igue phenomenon: duality of the S—N fatigue curve in
the B—titanium alloy Ti—10V—-2Fe—3Al[ J]. Scripta
Materialia, 2003, 48(8) . 1207-1212.

JHA S K, SZCZEPANSKI C J, GOLDEN P ], et al.
Characterization of fatigue crack — initiation facets in
relation to lifetime variability in Ti—6Al-4V[]]. In-
ternational Journal of Fatigue, 2012, 42, 248-257.
LAVOGIEZ C, HEMERY S, VILLECHAISE P. On
the mechanism of fatigue and dwell-fatigue crack ini-
tiation in Ti-6Al-4V [ ]J]. Scripta Materialia, 2020,
183 117-121.

VRIEA], /NG, R, 45 BRa eI g
Homawr s e ()], B HAR, 2022, 43(12):
1021-1031.

BANTOUNAS I, DYE D, LINDLEY T C. The role of
microtexture on the faceted fracture morphology in Ti—
6A1-4V subjected to high —cycle fatigue [ J]. Acta
Materialia, 2010, 58(11) . 3908-3918.
NAYDENKIN E V, MISHIN I P, RATOCHKA 1 V,
et al. Fatigue and fracture behavior of ultrafine —
grained near B titanium alloy produced by radial shear
rolling and subsequent aging [ J]. Materials Science
and Engineering: A, 2021, 810; 140968.

HALL J A. Fatigue crack initiation in alpha—beta tita-
nium alloys [ J ]. International Journal of Fatigue,
1997, 19(93) . 23-37.

PETERS J O, LUTJERING G. Comparison of the fa-
tigue and fracture of o+ and B titanium alloys[ ] ].
Metallurgical and Materials Transactions A, 2001, 32
(11) . 2805-2818.

R0, o BB A A AL I T A A Rk 55 P g
WHFE[D]. 4% PUL@FRHEIRY, 2018,
HUANG C W, ZHAO Y Q, XIN S W, et al. High cy-
cle fatigue behavior of Ti—5Al-5Mo-5V-3Cr—1Zr ti-
tanium alloy with lamellar
Materials Science and Engineering: A, 2017, 682.
107-116.

RUPPEN J A, EYLON D, MCEVILY A J. Sub-sur-
face fatigue crack initiation ofB—annealed Ti—6A1-4V
[J]. Metallurgical Transactions A, 1980, 11(6):
1072-1075.

WU G Q, SHI C L, SHA W, et al. Microstructure
and high cycle fatigue fracture surface of a Ti—5Al-
5Mo-5V-1Cr—1Fe titanium alloy[ J]. Materials Sci-
ence and Engineering: A, 2013, 575. 111-118.

microstructure [ J ].

[37]

[38]

[41]

[42]

[44]

[45

[

[46]

[47]

(48]

[49]

LUTJERING G, ALBRECHT J, SAUER C, et al. The
influence of soft, precipitate — free zones at grain
boundaries in Ti and Al alloys on their fatigue and
fracture behavior[ J ]. Materials Science and Engineer-
ing: A, 2007, 468-470. 201-209.

SCHMIDT P, EL-CHAIKH A, CHRIST H J. Effect
of duplex aging on the initiation and propagation of fa-
tigue cracks in the solute—rich metastable B titanium
alloy Ti38 — 644 [ J].
Transactions A, 2011, 42(9) . 2652-2667.
KOKUOZ B Y, RACK H J, KOSAKA Y. High-cycle
fatigue crack initiation and growth in TIMETAL LCB
[J]. Journal of Materials Engineering and Perform-
ance, 2005, 14(6) . 773-777.

XUE G G, NAKAMURA T, FUJIMURA N, et al. In-

itiation and propagation processes of internal fatigue

Metallurgical and Materials

cracks in B titanium alloy based on fractographic anal-
ysis[ J]. Applied Sciences, 2020, 11(1) . 131.

WU Z H, KOU H C, CHEN N N, et al. The effect of
cubic—texture on fatigue cracking in a metastable 3 ti-
tanium alloy subjected to high—cycle fatigue[ J]. In-
ternational Journal of Fatigue, 2020, 141. 105872.
ATGENE. LY TC18 A B0 A BRI RE S v
JRESF IR D], Fa42 . Fadb TR, 2016.
HUANG C W, ZHAO Y Q, XIN S W, et al. Effect of
microstructure on high cycle fatigue behavior of Ti—
5A1-5Mo—5V -3Cr—1Zr titanium alloy[ J]. Interna-
tional Journal of Fatigue, 2017, 94. 30-40.

HUANG Z Y, LIU H Q, WANG HM, et al. Effect of
stress ratio on VHCF behavior for a compressor blade
titanium alloy [ J ]. International Journal of Fatigue,
2016, 93. 232-237.

RAVI K S, JHA S K. Duality of the S—N fatigue cur—
ve caused by competing failure modes in a titanium al-
loy and the role of Poisson defect statistics[ J]. Acta
Materialia, 2005, 53(7) : 1867-1881.

JHA S K, SZCZEPANSKI C J, JOHN R, et al. De-
formation heterogeneities and their role in life-limiting
fatigue failures in a two — phase titanium alloy [ J].
Acta Materialia, 2015, 82. 378-395.

COTTON J D, CLARK L P, PHELPS H R. Titanium
investiment casting defects: a metallographic overview
[J].JOM, 2006, 58(6): 13-16.

TE7KH, R, BIAR. BTG Ti-6A1-4V 54
ML SFVERENT S RE[T]. W7 B m A RS T
2, 2017, 46(10) ; 3160-3168.

LIU F L, HE C, CHEN Y, et al. Effects of defects on
tensile and fatigue behaviors of selective laser melted
titanium alloy in very high cycle regime[ J]. Interna-

tional Journal of Fatigue, 2020, 140 105795.



5539 B 4 W)

WRZ G BRI B

ST AR R <121 -

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

(58]

[59]

[60]

[61]

[62]

FATEMI A, MOLAEI R, SHARIFIMEHR S, et al.
Multiaxial fatigue behavior of wrought and additive
manufactured Ti — 6Al —= 4V including surface finish
effect [ J |. International Journal of Fatigue, 2017,
100 347-366.

SZCZEPANSKI C J, JHA S K, LARSEN J M, et al.
Microstructural influences on very —high - cycle fati —
gue—crack initiation in Ti— 6246 [ J]. Metallurgical
and Materials Transactions A, 2008, 39 (12):
2841-2851.

LE BIAVANT K, POMMIER S, PRIOUL C. Local
texture and fatigue crack initiation in a Ti-6Al1-4V ti-
tanium alloy [ J]. Fatigue & Fracture of Engineering
Materials & Structures, 2002, 25(6) : 527-545.
ZENG W D, ZHOU Y G, YU H Q. Effect of beta fle—
cks on low—cycle fatigue properties of Ti—10V-2Fe—
3AI[ J]. Journal of Materials Engineering and Per-
formance, 2000, 9(2) . 222-227.

NI'Y, ZHOU C W. Influence of Surface Defect on the
High Cycle Fatigue behavior of TB6 Titanium Alloy
[J]. Physics of Metals and Metallography, 2021, 122
(10) : 991-999.

CHI W Q, WANG W J, XU W, et al. Effects of de-
fects on fatigue behavior of TC17 titanium alloy for
compressor blades: crack initiation and modeling of
fatigue strength[ J]. Engineering Fracture Mechanics,
2022, 259. 108136.

i, B, BVTR, % RORIEAR B kA L
R R SR Tk ()], )R, 2021,
57(11): 1438-1454.

BOYER R R, RACK H J, VENKATESH V. The in-
fluence of thermomechanical processing on the smooth
fatigue properties of Ti—15V-3Cr—3Al-3Sn[J]. Ma-
terials Science and Engineering: A, 1998, 243 (1-
2) . 97-102.

TAN C S, SUN Q Y, ZHANG G J, et al. High—cycle
fatigue of a titanium alloy: the role of microstructure
in slip irreversibility and crack initiation[ J]. Journal
of Materials Science, 2020, 55(26) : 12476—12487.
JHA S K, RAVICHANDRAN K S. High—cycle fatigue
resistance in beta —titanium alloys[ J]. JOM, 2000,
52(3): 30-35.

CAMPANELLI L. C, DA SILVA P S C P, BOLFA-
RINI C. High cycle fatigue and fracture behavior of
Ti—5A1-5Mo-5V-3Cr alloy with BASCA and double
aging treatments[ J |. Materials Science and Engineer-
ing: A, 2016, 658: 203-209.

TrAafil, KA, EBA. MORHR 2 ERE[ M. P
L PHAL TP RS AL, 2015 163-166.
KOCAN M, WAGNER L, RACK H ]. Fatigue per-

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

formance of metastable B titanium alloys; effects of
microstructure and surface finish[ J ]. Journal of Mate-
rials Engineering and Performance, 2005, 14 (6):
765-772.

CHAPETTI M. Static strengthening and fatigue blunt—
sensitivity in steels [ J ].
International Journal of Fatigue, 2001, 23 (3):
207-214.

DRECHSLER A, DORR T, WAGNER L. Mechanical
surface treatments on Ti—10V-2Fe-3Al for improved

notch low — carbon

fatigue resistance [ J]. Materials Science and Engi-
neering: A, 1998, 243(1-2) . 217-220.
BANTOUNAS I, DYE D, LINDLEY T C. The effect
of grain orientation on fracture morphology during high—
cycle fatigue of Ti—6Al—-4V [ ]J]. Acta Materialia,
2009, 57(12) : 3584-3595.

XU Z L, HUANG C W, WAN M P, et al. Influence
of microstructure on strain controlled low cycle fatigue
crack initiation and propagation of Ti— 55531 alloy
[J]. 2022,
156 106678.

DEMULSANT X, MENDEZ J. Microstructural effects
on small fatigue crack initiation and growth in ti6al4v
alloys [ J ].
Materials & Structures, 1995, 18(12) . 1483—-1497.
R, ERCE, B, 45 TB6 £k& &% 7 /N &L
PIATHI]. MR TR, 2019, 47(11) ; 171-177.
XB R, sk, B, ST D E =T [ M.
dbat: ERE Tk H AL, 2010 18-19, 24-29.
BREEMS , BT WrosA M. d6n . SEHE
JikL, 2006 252-258.

LIZY, LIU X L, WU G Q, et al. Fretting fatigue
behavior of Ti-6A1-4V and Ti—10V-2Fe-3Al alloys
[J]. Metals and Materials International, 2019, 25
(1). 64-70.

PILCHAK A L. Fatigue crack growth rates in alpha ti-
tanium; Faceted vs. striation growth[ J]. Scripta Ma-
terialia, 2013, 68(5) : 277-280.

WANG K, BAO R, JIANG B, et al. Effect of primary
o phase on the fatigue crack path of laser melting de-
posited Ti—5Al-5Mo—-5V-1Cr—1Fe near  titanium
alloy [ J].
116 535-542.

R, WAL TC4 K& & Wi 21 5 98 97
O HEARREW [ D], Y RIER:, 2018.
JHA S K, RAVICHANDRAN K S. Effect of mean st—

ress ( stress ratio) and aging on fatigue—crack growth

International  Journal of Fatigue,

Fatigue & Fracture of Engineering

International Journal of Fatigue, 2018,

in a metastable beta titanium alloy, Ti— 10V -2Fe—
3A1[J]. Metallurgical and Materials Transactions A,
2000, 31(3) . 703-714.



- 122 -

oM OF R4

A

2024 4 8 H

[76]

[77]

[78]

[79]

[80]

[81]

[82]

i

DUERIG T W, ALLISON J E, WILLIAMS J C. Mi-
crostructural influences on fatigue crack propagation
in Ti-10V-2Fe—-3Al[ J]. Metallurgical Transactions
A, 1985, 16(5) . 739-751.

BENEDETTI M, FONTANARI V, LUTJERING G, et
al. The effect of Notch plasticity on the behaviour of
fatigue cracks emanating from edge—notches in high-
strength B—titanium alloys[ J]. Engineering Fracture
Mechanics, 2008, 75(2): 169-187.

XUE G G, NAKAMURA T, FUJIMURA N, et al. In-
itiation and propagation of small fatigue crack in beta
titanium alloy observed through synchrotron radiation
multiscale computed tomography [ J ].
Fracture Mechanics, 2022, 263 108308.
SR, TCA-DT Ek& ST WIS [ D], P9%.
P TR, 2015.

ESREE, WAEA, B, AF. Ti-1023 AT
FHR[T]. MRIE A5 R, 2009, 24(5):
66-69.

BOYER R R, BRIGGS R D. The use of B titanium al-
loys in the aerospace industry[ J]. Journal of Materials

2005, 14 (6):

Engineering

Engineering and Performance,
681-685.

PRI, A, 2 SOBE., L2 Sk 2 HoaE 95 T
AAEBARB T R[], A il E SR, 2017, 60

AN AN AN AN A N A N A A A N N

[83]

[84]

[85]

[86]

[87]

[89]

(13). 28-35.

755 R L. WEALKT Ti- 10V-2Fe—-3A1 £k & & P g 55
PERER M [J]. thEA @4 )8 ik, 2004, 14
(1) 60-63.

UK. RG4S VR R AL T 20 Ak B H
JEM S FFAT MK (D] M A MEAMAE K
22021,

BrpR, BB, A/NE, S BN TB6 Bha 4
95 55 I ISR TP URPE R SE A [ ] AR R, 2021,
35(12); 12114-12118.

tRInEE, SIS, AP, ST
TC17 A5 4 WL IR AL 2 Y S [ ]
2021, 50(9): 91-98.

BrER, R, A/, A ot BOIL R
SE TR TB6 BK-G 4 7 1 52 8 1 K il 1) 95 7 1
REMSZIR ()], FHE S, 2021, 39(9) : 48-55.
BERGER M C, GREGORY J K. Residual stress re-
laxation in shot peened Timetal 21s[ J]. Materials

1999, 263 (2):

T W5 AL 558 A X
] REHEA,

Science and Engineering: A,
200-204.

ZHANG D H, SHI D P, WANG F, et al. Electro-
magnetic shocking induced fatigue improvement via
tailoring the o — grain boundary in metastable 3
titanium alloy bolts[ J]. Journal of Alloys and Com-
pounds, 2023, 966: 171536.

(L#F65MW)

(3]

[4]

(5]

(6]

(7]

(8]

#mlde, 240, BOR, & piss BEEHKE 4
MRLEFEBUIR[T]. Mizs dil iR, 2018, 61(4) .
86-91.

T, EUEA, &, AN TBO &4 f12# k6
KBMARKEN[]]. mAESEMES T/,
2017, 46(S1) : 129-133.

gt WU, 6T, % SR BE S
ESMREER[T]. AEaaEME S TR, 2018, 39
(4): 49-53.

W PR, AW, EER, AF. A R Al BT
TBY £k &4 WAL Ly PERe R m [ 1], #0m
T.TZ, 2023, 52(14) : 147-149.

BRERAL, RN, ZREeE, 5. U FIX Ti-38644
RESBEMAL R [)]. &)@ MR,
2022, 47(10) ; 185-190.

EEE, REM, 2T, % WAL IXS Ti-

[10]

[11]

3A1-8V-6Cr—4Mo—4Zr &4 J1F#PERERI M [ J].
FORIIFST 224, 2017, 31(6) ; 409-414.

LI C M, HUANG L, ZHAO M ], et al. Hot deforma-
tion behavior and mechanism of a new metastable 3 ti-
tanium alloy Ti—6Cr—5Mo-5V -4Al in single phase
region[ J ]. Materials Science and Engineering: A,
2021, 814. 141231.

RO, B, MORGHT. BV SOR B
TC18 FadHUWWERERYSZm [ )], MIRILEL, 2023,
44(2) : 61-66.

DONG E T, YU W, CAI Q W, et al. Effects of B
grain — growth behaviors on lamellar structural
evolution and mechanical properties of TC4-DT alloy
[J1. 2020, 7

(6): 066514.

Materials Research Express,



