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Microstructure evolution and deformation mechanism of industrial
pure titanium TA2 roll forming process

LI Chao,HAN Fer

(School of Mechanical and Materials Engineering, North China University of Technology, Beijing 100144, China)

Abstract: At room temperature, the predominant plastic deformation mechanisms in industrial pure
titanium TAZ encompass dislocation slip, twinning, and interfacial interactions. This study combines
mechanical analysis performed during roll-forming experiments and utilizes electron backscatter diffraction
and optical microscopy to investigate the microscale deformation mechanisms on both the inner and outer
surfaces of TAZ2 sheets during roll forming from 0° to 30°. The research results demonstrate that during the
forming process, as the bending angle reaches 20°, a differential stress is exerted on the axis of the
hexagonal close-packed structure on the inner and outer sides. On the inner side, the plastic deformation
mechanism shifts from the previously dominant pyramidal slip and basal slip to mainly {1012} tension
twinning, which is due to the distinct stress acting on the axis. On the outer side, where the axis is under
compressive stress, dislocation slip remains the primary deformation mechanism because the occurrence of
{1122} compression twinning is hindered by its high critical resolved shear stress and the fine-grained
nature of the material. As a result, {1122} compression twinning functions as an auxiliary deformation
mechanism on the outer side. These findings offer critical insights into the plastic deformation behavior of
TAZ2 during the roll-forming process.
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Table 1  Chemical compositions of industrial pure titanium TA2
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Table 2 Process parameters of roll forming
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Fig.2 Microstructure morphology(a) and grain size distribution(b) of TAZ2 sheet
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Fig.3 Metallographic microstructures at different stages of roll forming

(a)inner edge of 10”; (b)outer adge of 10°; (¢)inner edge of 20°; (d)twinned structure captured at outer edge of 20°;
(e)inner edge of 30°; (f)outer adge of 30°
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Fig.5 Schematic diagram of twin boundary within 20° inside roll forming
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Table 3 Common plastic deformation mechanisms of a-Ti

Deformation

Slip/twin system Slip/twin type

mechanism

Slip {0002 (1120) {a) basal slip
{1010} ¢1210) {a) prismatic slip
{1011} (1210) {a) pyramidal slip
{1011}¢(1123) {¢+a) pyramidal slip
{1122} (1123) {cta) pyramidal slip

Twin {1012} ¢1011) Tensile twinning
{1121}¢1126) Tensile twinning
{11221(1123) Compressive twinning
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Fig.10 Statistical diagrams of grain boundary orientations at different stages of roll forming
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