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Effect of Drawing Deformation on Microstructure Evolution and
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Abstract: TC4 titanium alloy wires with drawing deformations of 25%—70% were investigated. The microstructure and
texture evolution were systematically characterized, and the influence mechanism of microstructure and texture on
room-temperature mechanical properties and hot upsetting performance was revealed. The results show that TC4
titanium alloy wires display a typical two-phase microstructure within the deformation of 25%—70%. The average grain
size decreases with increasing deformation, reaching 3.18 pm at 70% deformation. The average transverse grain size
of the wires is slightly larger than the longitudinal one, and the grain size at the wire head is marginally larger than that
at the tail. Drawing deformation induces coexisting preferred orientation textures dominated by {0001}<0110> and
{1010}<0001>. These textures are strengthened with rising deformation and remain stable after heat treatment at
788 °C. The tensile strength and yield strength of TC4 titanium alloy wires increase markedly with the increase of
drawing deformation, while the elongation remains nearly constant and the reduction in area decreases slightly. The
room-temperature mechanical properties exhibit small fluctuations, demonstrating good overall property stability. Hot
upsetting tests indicate that 70% deformation is the optimal processing window. The wire with 70% deformation
has superior hot deformation stability and plastic formability, making it suitable for subsequent continuous upsetting
of fasteners.
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Table 1 Chemical composition of TC4 titanium alloy ingot

Ti Al \% Fe C N H o

Bal. 623 419 0.18 0.008 0.00079 0.001 0.17
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Fig.1 Transverse microstructure of TC4 titanium alloy rolled bar
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Fig.2 Transverse microstructures of TC4 titanium alloy wires with different deformations: (a) 25% deformation; (b) 38% deformation;

(¢) 56% deformation; (d) 70% deformation
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Fig.3 Grain size distribution maps of TC4 titanium alloy wire

with 25% deformation at different positions: (a) head; (b) tail
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Fig.4 Grain size distribution maps of TC4 titanium alloy wire

with 70% deformation at different positions: (a) head; (b) tail
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Fig.5 Grain orientation distribution maps of the head and tail of TC4 titanium alloy wires with different deformations:

(a) 25% deformation, head; (b) 70% deformation, head; (c) 25% deformation, tail; (d) 70% deformation, tail
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Fig.6 Pole figures of the head and tail of TC4 titanium alloy wires with different deformations: (a) 25% deformation, head;
(b) 70% deformation, head; (c) 25% deformation, tail; (d) 70% deformation, tail
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Fig.7 Inverse pole figures of the head and tail of TC4 titanium alloy wires with different deformations: (a) 25% deformation, head;

(b) 70% deformation, head; (c) 25% deformation, tail; (d) 70% deformation, tail
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Fig.8 Mechanical properties of TC4 titanium alloy wires with

different deformations
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Fig.10 Compressive force-strain curves of TC4 titanium alloy

wires with different deformations
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