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Fig. 2 Illustration of fatigue specimens (Unit: mm)

2 HR5NS

2.1 HEER%EXET ORISR

Bl 3 s A2 RUORUAS L ZFE /= B T8 720 MPa
FMICRY J71iE 660 MPa T [ i Ji 95 55 W7 1= B3 i
B3 AN, P 2 SATE e B AT I R 1 v SR 57
W7 2 MBS A IR ZARBL A . BRI 1) BFRd
S i B 55 W 1 2 WA ], BT 4o 3 AN IX
U TG AR X L AR X KRR . 2) 1E
gy R X HTT WV 2 U 2k, BUR 2RISR T 24400

E1 A& EMEHA
Fig. 1 Lamellar microstructure(LM)(a) and bi-modal
microstructure(BM)(b) of alloy
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Fig. 3 Macroscopic fracture surface morphologies of LM and BM fatigued samples: (a) LM, ¢,=720 MPa; (b) BM, ¢,=720 MPa;
(¢) LM, 0,=660 MPa; (d) BM, ¢,=660 MPa
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Fig. 4 SEM images of primary crack initiation region on HCF fracture surface of LM: (a) 0,=720 MPa; (b) ¢,=700 MPa; (c) 5,=680

MPa; (d) 6,=660 MPa; (e) Profile microstructure of (d)
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Fig. 5 SEM images of primary crack initiation region on HCF fracture surface of BM: (a) 6,=720 MPa; (b) 5,=700 MPa; (¢) 0,=680

MPa; (d) 0,=660 MPa; (e) Profile microstructure of (d)
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Table 1 Initiation site of fatigue primary crack and fatigue life for LM and BM under different stress amplitudes
Stress LM BM
amplitude/ Life, N/ Distance of initiation site Initiation area/ Life, N;/  Distance of initiation site Initiation area/

MPa cycles away from surface/pum pm? cycles away from surface/um pm?

660 9.659X 10 200 4640 1.8404 X 10° 20 460

680 8.513X10° 125 4530 1.5035X 10° 35 752

700 5.948 X 10° 105 3431 2.039X 10° 30 878

720 5.289X10° 0 2860 7.392X10° 39 618
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Fig. 6 Fractographs of propagation region for LM (5,=660 MPa, life of 9.659X10° cycles) and BM (5,=660 MPa, life of
1.84X10° cycles) fatigued samples: (a), (b) Fatigue features in propagation region near crack initiation region for LM and BM;
(c), (d) Fine striations in propagation region with low speed for LM and BM; (e), (f) Striations in stable propagation region for LM

and BM; (g), (h) Wide striations in fast propagation region for LM and BM
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Fig. 7 Fractographs of grain boundary in LM: (a) Microcrack transfers across grain boundary without GB «; (b) Microcrack

propagates along GB a
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Fracture surface analysis of high-cycle fatigue for Ti-55531 alloy

MA Qan', HUANG Chao-wen’

(1. Department of Mechanical and Electrical Engineering, Baoji University of Arts and Sciences, Baoji 721004, China;
2. College of Materials and Metallurgy, Guizhou University, Guiyang 550025, China)

Abstract: The high cycle fatigue(HCF) fracture morphological properties of high strength and toughness Ti-55531 alloy
with LM and BM under different stress amplitude were analyzed by SEM based on the base fractography theory, the
comprehensive influential mechanism of stress amplitude and microstructure factors on fatigue crack initiation were
revealed, and the rule that microstructures affecting the fatigue crack propagation were illuminated. The results indicate
that stress amplitude greatly affects the HCF primary crack initiation site of LM, while has a little effect on BM. The
fatigue crack growth rate of LM is larger than that of BM during the crack propagation region with low speed. However,
the crack growth rate of LM is lower than that of BM during crack propagation regions with high speed.

Key words: Ti-55531 alloy; high cycle fatigue; fatigue crack initiation; fatigue crack propagation; fracture morphology

Foundation item: Project(14GYGG-2) supported by the Science and Technology Industrial Research Project of Baoji,
China
Received date: 2017-11-01; Accepted date: 2018-02-26
Corresponding author: MA Quan; Tel: +86-917-3364295; E-mail: 3345883588(@qq.com
(m%E FBL)



