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Failure analysis of non-normal stretched fracture for
titanium alloy bolt and process improvement

YAO Gang

(Beijing Aeronautical Manufacturing Technology Research Institute, Beijing 100024, China)

Abstract: The failure of head and rod separation appears in a type of d 6 mmX 1.5 mm aircraft Ti6Al4V titanium alloy
countersunk head bolt in tensile strength test. The failed part was investigated by macro and micro fracture analysis, and
the microstructure and chemical composition were analysed to find out the reason and improve the process scheme. The

results show that micro cracks on the head of the bolt face are the proximate failure cause. By adjusting the raw material

cutting device, micro crack on bolt head can be significantly reduced or eliminated.
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Fig. 1 Bolt fracture position
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Fig. 2 Macro picture of fracture appearance
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Fig. 3 Fracture appearance of section 1 of bolt
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Fig. 4 Fracture appearance of section 1 of crack initiated area
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Fig. 5 Step fracture appearance
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Fig. 6 Step transition fracture image
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Fig. 7 Planar tesile fracture of quasicleavage and dimple
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Fig. 8 Micro crack in bolt head
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Table 1 H and O compositions of Ti6Al4V titanium alloy

(mass fraction, %)

Sample Before heading After heading
No. H 0 H 0

1 0.002 21 0.11248 0.00207  0.16123

2 0.00259  0.15029 0.00230  0.168 93
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Fig. 9 Schematic diagram of cutting device
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Fig. 10 Micro crack production process: (a) Irregular fracture

sketch; (b) Crack production; (¢) Crack entering into superficial
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