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Analysis of TC4 thin-walled shell weld crack

LIU Jun, LIU Zhi-ying, YAN Yang-yang, WANG Yang, HU Guang-yuan

(Luoyang Ship Material Research Institute, Luoyang 471039, China)

Abstract: The shell weld appearance, three-dimensional crack morphology, polishing form low times, crack cross section
morphology, microhardness, near the crack wall crack, crack fracture surface morphology were analyzed by using
nitrogen hydrogen gas analyzer, metallographic microscope, scanning electron microscope and energy spectrum
instrument, microhardness tester, three-dimensional video microscopy. The results show that thin-walled shell penetrated
crack for hydrogen embrittlement of the delayed cracking failure is typical of the hydrogen induced cracking
phenomenon. It is improper cleaned before welding, welding not timely heat treatment and pickling is not caused by heat

treatment to hydrogen.
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Fig.1 Schematic diagram of TC4 thin-walled shell
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Table 1 Result of composition analysis of welding line at

bottom (mass fraction, %)

Element H O
TC4 Plate 0.047 0.233
Standard value <0.015 <0.20
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Fig.2 Morphologies of inwall crack: (a) Macrograph shape;
(b) Microscopic shape
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Fig.3 Morphologies of ectotheca crack: (a) Macrograph shape;
(b) Microscopic shape
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Fig.4 Crack shapes by polish: (a) Center place; (b) Boundary
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Fig.6 Crack shapes of low power: (a) Weld zone; (b)

Heat-affected zone
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Fig.5 Enlargement crack shapes by polish: (a) Center place; Fig.7  Enlareement crack shapes: (a) Weld zone; (b)

(b) Boundary place Heat-affected zone
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Fig.8 Morphologies of cross-section crack: (a) Integral shape;

(b) Microhardness tests place
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Fig.9 Microhardness of cross-section
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Fig.10 Hardness data in exterior surface crack tip with basal
body
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Fig.11 Stereoscan photographs of inwall crack :(a) Integral crack shape: (b) I crack; (c) Il crack; (d) Microscopic II crack
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Fig.12 Morphologies of ectotheca crack: (a) Intermediate; (b) Left end; (c) Right end
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Fig.13 Morphologies of ectotheca crack of enlargement: (a) Intermediate; (b) Left end; (c) Right end
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