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Table 1 Chemical composition of typical titanium alloy
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B 1(a)) 555l o AH(IWL I 1(b)) LA A 55l o HH
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Mass fraction/%

Alloy
Al \Y Mo Cr Fe H o
p-Ti 2.5-3.5 4.7-5.7 4.7-5.7 7.5-8.5 <0.3 <0.015 <0.15
a-Ti - - - - <02 <0.015 <0.18
(a+p)-Ti 5.5-6.8 3.5-4.5 - - <0.3 <0.015 <0.2
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~. Intercrystalline [
£ phase

Fig. 1 Microstructures of typical titanium alloys: (a) S-Ti alloy; (b) a-Ti alloy; (c) (a+p)-Ti alloy
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Fig. 3 Curves of dynamic vibration properties of typical titanium alloy with temperature: (a) Storage modulus of alloy;

(b) Loss modulus of alloy; (c) tan ¢ of alloy
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Fig. 5 Crack growth rate curves of titanium alloy under
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Fig. 6 Crack propagation path of (a+/)-Ti alloy under harmonic vibration at low temperature: (a) Propagation area;

(b) Magnified area (white circle represents o phase, yellow circle represents /5 phase)
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Fig. 7 Fracture morphologies of different titanium alloys at —110 C: (al), (a2) g-Ti alloy; (bl), (b2) a-Ti alloy;

(cl), (c2) (o+p)-Ti alloy
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Energy consumption and crack propagation behavior of
typical titanium alloys during harmonic vibration

LIU Wei', WANGNan ', CHEN Yong-nan', ZHAO Qin-yang', XU Yi-ku', YANG Xiao-kang?,
LUO Jin-heng?, WU Gang®, ZHAO Yong-qing*

(1. School of Materials Science and Engineering, Chang’an University, Xi’an 710064, China;
2. Xi’an Scitech Titanium Industry Co., Ltd., Xi’an 710016, China;
3. CNPC Tubular Goods Research Institute, Xi’an 710077, China;
4. Northwest Institute for Non-Ferrous Metal Research, Xi’an 710016, China)

Abstract: In this paper, the vibration modulus and crack propagation behavior of near S-Ti alloy, near a-Ti alloy
and (a+p)-Ti alloy under harmonic vibration at the temperature range from 0 C to —110 ‘C and frequency of
200 Hz were studied. The influence of temperature on crack propagation rate and dislocation distribution in
harmonic vibration was analyzed, and the crack propagation mechanism was revealed. The results show that
harmonic vibration at low temperature will aggravate dislocation accumulation and entanglement, thereby
increasing damping, which reduces the vibration resilience of titanium alloys, can improve the vibration reduction
performance of titanium alloys. The overall storage modulus of near S-Ti alloy is 28.97% lower than that of near «
-Ti alloy, the loss modulus and damping are 16.4% and 9.88% higher than those of (a+/)-Ti alloy, respectively.
The vibration reduction performance of near §-Ti alloy at low temperature is better than other two titanium alloys.
The dislocations generated by the harmonic vibration in the  phase accumulate at the phase boundary and slip into
the phase, leading to stress concentration and the generation of microcracks at the interface, and transgranular
fracture occurs then. In addition, with the occurrence of secondary cracks in the f phase, the crack tip is subjected
to resistance in different directions, which consumes additional harmonic vibration energy. When the temperature
is lower than —60 C, the crack growth rate is delayed. The dislocations generated by the harmonic vibration in the
o phase are first activated in the phase and continue to accumulate to the phase boundary, resulting in higher
energy in the phase than that of the phase boundary, and intergranular fracture occurs then. In the temperature
range from —60 ‘C to =110 °C, the lower loss modulus and damping make the harmonic vibration energy act on
intergranular fracture, which increases the crack propagation rate of o phase.

Key words: typical titanium alloy; storage modulus; loss modulus; tan delta; crack propagation
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