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Fig.1 Schematical illustration for SEM observation of second
cracks near fatigue crack initiation site: (a) rough sur-
face is removed as indicated by the dotted line and

(b) sample ready for SEM observation
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Fig.2 Lamellar microstructure of Ti-55531 alloy after heat treat-
ment: (a) microstructural inhomogeneous region and

(b) grain boundary a

i A KERNIHAAR LS X (E 2a), RFEHES
10~50 pm. XS THARBZ X, HLANH S X AT H
1 a5, HRSPHK. Hah, DR R K4
Jta Hr(E 2b). ik SN RHRARSUX, &
SE T a B I BT AT R A A R .
2.2 ERSRESMEE

R 9% 57 W 45 SR 2 i tH Fy )2 Ti-55531 4 4 i A
P57 S-N M2k (K1 3). I 3w Al, fJZ Ti-55531 &
G S 9% 55 9 P oy (1107499 639 MPa, 2 i IR
SREEIT 0.57 fiF. SCHER[12]M43 2K &4 Ti-5553 A2
HEUH 0.4 (1107) 4 500 MPa, 52 HtL, A&4&mE
JE 987 57 50 JEE e 3L 1.28 3% AH 2 B 4 1% 55 R 15 o0 1
FEMRZ, TR G ENMXALRSHE —E R
Fo LU MW ORRERE— 2B T & e s R S
HEFIAERNE
2.3 EHFHGUEXFIR

X9 55 W TSR SS9 57 VR X R AR AE Wi 4
Firm o AR X i iR 1R 9 57 BT R 3088 I vty
el A, 95 55 RAL T B FE R I 50~200 pm F XK T
b o 9% 57 IR AR B BE T AR R 4G B dn T (B 4a), R
AIYE BRI (B 4b), HLIR 55 PR AL B 5 R 7 e 8 R
Fi AR KR T . R T 57 R LU 5 1E dh FEAL i AR 5L
BRI GEMS R, HERAG: WA o B, R
o SR B A FEALTFRLEE 2 PR 2 3L R4 B AR 9 57
. AW RIN E 9% 57 REE R IR B R
AREE, RS RMX MR SENE R B
R, SR RFIRAE ag K ayB AHFFD G AL ST o
K 5t o/J5 06 g FHAA IR Z ML AL, ik N IR
as [ Eb 5 o #OR MR, & & rp IR 21
X A R IR A o FEAS S5 KM 6 5 o BAHAL,
T FRAR T A8 35 S LA X N I T IR IR AR o B8 5 AR
BRI T K R . 54, SN IIIRE ayp H
FER SR SR T o/JR AR B R ST P T AL

& 760

s @ Experiment data
~. 740+ — Fitted curve
720l ® 0,(N)=638.94 MPa
R=-1
700+ N=10'
680
660 -

640

$=638.94 MPa

620 o

Fatigue Stress Amplitude, S

600 L L L L L L L 1 L
54 56 58 6.0 6.2 64 66 68 7.0 7.2 74

Ig(Failure Cycles, N))
Bl 3 k)= Ti-55531 &4 1 S-N £

Fig.3 S-N curve of lamellar Ti-55531 alloy at room temperature
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Fig.4 Crack initiation region morphologies: (a) subsurface-crack
initiated at grain boundary (loading 660 MPa, life 9.66
X 10° cycles) and (b) subsurface-crack initiated into
grain (loading 680 MPa, life 8.51 X 10° cycles)
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Fig.5 Fatigue secondary microcrack propagation features:
(a) intergranular propagation and (b) transgranular

propagation
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Fig.6 Fatigue secondary microcrack features: (a) g-rich regions, (b) microcracks formed into g-rich region, and (c, d) microcracks

initiated at a/p interfaces and into softer as, microcracks propagated along a/f interfaces and o
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Fig.7 Dislocation structure of fatigue samples: (a) slip line initiation at interface, (b) dislocation tangles into as, (c) fractured as,

and (d) {10 1 0} twins
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Influence of Microstructure Homogeneity on High-Cycle Fatigue Crack
Initiation of Ti-55531 Alloy with Lamellar Microstructure

Huang Chaowen?, Zhao Yongqing*?, Xin Shewei?, Zhou Wei?, Li Qian? Zeng Weidong®
. State Key Laboratory of Solidification Processing, Northwestern Polytechnical University, Xi’an 710072, China
1.S Key Lab f Solidification P i North Pol hnical i ity, Xi’ 10072, Chi
(2. Northwest Institute for Nonferrous Metal Research, Xi’an 710016, China)

Abstract: The influence of microstructure homogeneity on crack initiation behavior under high-cycle fatigue (HCF) test at room
temperature was studied in Ti-55531 alloy with lamellar microstructure by TEM and SEM. The results show that the HCF strength of
Ti-55531 alloy could be as high as 639 MPa. However, a small amount of grain boundary (GB) « and a large number of inhomogeneous
regions in microstructure significantly affect the HCF behavior of lamellar Ti-55531 alloy. Fatigue microcracks mainly initiate at interfaces
between as and S; phases owing to their different structures and properties. Moreover, a small amount of microcracks initiate at GB o and as
phases during fatigue.
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