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Effect of microstructure heterogeneity on
fatigue crack growth of TA15 electron beam welded joint

LI Xing-zhi, HU Shu-bing, XIAO Jiang-zhong, JI Long-bo

(State Key Laboratory of Material Processing and Die & Mould Technology,
Huazhong University of Science and Technology, Wuhan 430074, China)

Abstract: By a means of horizontally intercepting fatigue specimen, the microstructure, hardness, fatigue crack growth
rate and fatigue fractograph in the welding seam (WS) and heat-affected zone (HAZ) of thick TA15 alloy electron beam
(EB) welded joint were studied. The results indicate that on the same height from the top of WS, the microstructure
heterogeneity is the most severe in HAZ, from the top to root of WS, the microstructure heterogeneity increases with
decreasing o' martensite size. Attributed primarily to the effect of microstructure heterogeneity, the fatigue crack growth
rate (FCGR) is faster in HAZ than that in WS. The fatigue fractographs show this macroscopical difference by scanning
electron microscopy (SEM) analyses.
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Table 1 Chemical composition of TA15 titanium alloy (mass

fraction, %)

Al Zr \Y Mo (6} H Ti
6.56 2.15 2.10 1.62 0.08 0.004 Bal

PRECE R BRR R, HIRGETR T T 4R, 2h Al
RUEBE()I 1/6+ 3/6+ 5/6 A B AT FAT I 77 17 D1EL
I 57 A, AR DU B B ARRE Rk Qi 1 TR (L
L(b) T RZ iy R HGE X)), JEEEN 2 mm. H49
FFSEI AT RO, ) HE. HNOs. H,O(JR 5 )44
TR 1:3:7) D e Sk, U - 75 1) R
LRNENIN T4 5 T4 (W S)FI G i [X (HAZ) H S T
0.2 mm ¥RIERE o 957 5250 7 Shimadzu EA-10 SE5

Weldin
/dippr‘ﬁng
—————————— H6
wo - 3 hl6]
__________ 5 hl6|
180
(a)
1
o BM [ ws BM
/
180
(b)

B 1 sl R R 79 B (mm)
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Fig.2 Microstructures of different zones in TA1S5 electron
beam welded joint: (a) BM; (b) WS; (c) HAZ
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Table 2 Average length of aciculate o’ on different height

from top of WS
Distance Average length/um
1h/6 397.7
3h/6 330.1
5hl6 96.4
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Fig.3 Microhardness of welded joint on different heights
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Fig.5 SEM fractographs at crack initiation spot: (a) WS; (b) Fig.7 Fatigue striation morphologies at stage of low FCGR:
HAZ (a) WS; (b) HAZ
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Fig.6 Fatigue striation morphologies at initial crack growth Fig.8 Fatigue striation morphologies at stage of medium

stage: (a) WS; (b) HAZ FCGR: (a) WS; (b) HAZ
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Fig.9 Fatigue striation morphologies at stage of rapid FCGR:
(a) WS; (b) HAZ
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Fig.10 Fatigue fractographs of instability crack growth: (a)
WS; (b) HAZ
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