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 1  TC18!�"#$%&'()*+,-� 

Table 1  Chemical composition of different positions of TC18  

alloy large-scale forging rods (ω/%) 

Position Al Mo V Cr Fe Ti 

Head 

5.01 5.10 5.05 1.05 1.10 Bal. 

Middle 

5.03 5.12 5.03 1.03 1.11 Bal. 

Tail 

5.02 5.11 5.05 1.04 1.11 Bal. 

 

 

 

 

 

 

 

½ 1  TC18:0;<=>?a�¾aY¿½ 

Fig.1  Schematic illustration of cutting impact samples from 

TC18 alloy large-scale forging rods  

 

 

 

 

 

 

½ 2  >?`a¡¢ 

Fig.2  Geometry of the impact sample 
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½ 3  TC18:<Â}��� 

Fig.3  OM (a) and SEM (b) images of TC18 alloy large-scale 

forging rods; EBSD image showing the inverse pole figure 

(IPF) of β phase (c) and α phase (d) 
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��Impact toughness of TC18 alloy large-scale forging  

rods (J·cm

-2

)�

��

�

Position

 

C-L samples C-R samples 

Head 38.5 32.8 

Middle 46.8 34.4 

Tail 43.5 32.3 

Average value 42.9 33.2 
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½ 4  C-L] C-R`aBYd>?ÃÄ 

Fig.4  Instrumented Charpy impact curves:�(a) fracture energy- 

time curves of the C-L and C-R samples; (b) load- 

displacement and absorbed energy-displacement curves 

of the C-L sample; (c) load-displacement and absorbed 

energy-displacement curves of the C-R sample 
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½ 5  C-L] C-R`aB>?v�wx 

Fig.5  Stereomicroscope (a, b) and SEM (c, d) fracture 

morphologies of the C-L (a, c) and the C-R (b, d) 

samples after impact testing  
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½ 6  C-L] C-R`a>?ÅÆt 

Fig.6  Impact energy of the C-L and C-R samples 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

½ 7  C-L] C-R`aij¤¥ÇÈ 

Fig.7  Crack propagation path of the C-L (a) and C-R (b) samples 
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Fig.8  Fracture surfaces of the C-L (a) and C-R (b) samples near 

the notch  
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½ 9  TC18:=$ C-L] C-R`aBijk�Y¿½ 

Fig.9  Schematic illustrations of crack initiation in TC18 alloy 

C-L (a) and C-R (b) samples 
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Abstract: The difference between the transverse and longitudinal impact toughness of TC18 alloy large-scale forging rods and its 

microstructural relationships were investigated. Two types of impact samples, i.e., C-L and C-R, were machined from the head, middle and 

tail positions of the forging rods for Charpy impact testing. The results show that the impact toughness of the C-L samples is always higher 

than that of the C-R samples. The instrumented impact test further reveals that the ability to resist crack initiation is a key factor affecting 

the impact toughness, whilst crack initiation energy of the C-L samples is significantly greater than that of the C-R samples. Meanwhile, 

impact fracture observation manifests that cracks initiate in the form of micro-void coalescence, and mainly originate from the strong-hard 

phase (such as grain boundary α-phase) near the notch of the samples. For the C-L samples, the elongated direction of the forging 

microstructure is parallel to the fracture direction, while it is perpendicular to the propagation direction after the micro-void initiation. The 

crack is thus difficult to grow to the critical size for unstable propagation, which results in the high consumed energy for crack initiation; 

for the C-R siblings, however, the elongated direction of the primary α-phase including grain boundary α-phase is parallel to the direction 

of crack initiation, and the cracks easily grow directly to the critical size along the strong-hard phase for unstable propagation, which 

causes a lower impact toughness in the samples. 

Key words: titanium alloys; microstructures; impact toughness; impact fracture 
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