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Fig. 4 Microstructures of TA15 alloy during MDIF after different cycles: (a) Initial state; (b) 1 cycle; (c¢) 2 cycles; (d) 3 cycles
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Fig. 7 Microstructure of TA15 alloy during MDIF at different cycles by TEM: (a) lcycle, (b) 3cycles
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Fig. 9 Macroscopic morphologies of fracture surface for quasi-static tensile testing of TA15 alloy after MDIF with different cycles:
(a) Initial state; (b) 1 cycle; (c) 2 cycles; (d) 3 cycles
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Fig. 10 Microscopic morphologies of fracture surface for quasi-static tensile testing of TA15 alloy after MDIF with different cycles:
(a) Initial state; (b) 1 cycle; (c) 2 cycles; (d) 3 cycles
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Fig. 11 Metallographs at crack propagation paths for TA15 alloy after MDIF with different cycles: (a) Initial state; (b) 1 cycle; (c) 2

cycles; (d) 3 cycles
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Grain refinement mechanism and mechanical properties of
TA1S alloy during multi-directional isothermal forging

JI Xiao-hu, LI Ping, SHI Ying-bin, YAN Si-liang, XUE Ke-min

(School of Materials Science and Engineering, Hefei University of Technology, Hefei 230009, China)

Abstract: The multi-directional isothermal forging (MDIF) experiments of TA15 alloy were carried out on at 600 C. The
grain refinement mechanism, mechanical properties and fracture morphologies were analyzed by metallographic
microscopy, electron backscattered diffraction, quasi-static tensile testing and scanning electron microscopy, respectively.
The results show that, after 3 cycles of MDIF, the grains are refined significantly. The size of equiaxed a is reduced from
9.8 um to 5.1 pm and the thickness of lamellar a is reduced from 4.6 um to 2.3 um. The grain refinement mechanism is
the interaction of strain-induced continuous dynamic recrystallization by cross-slip and mechanical geometry breaking.
The comprehensive mechanical properties are significantly improved. After 3 cycles of MDIF, the ultimate tensile
strength increases to 1782 MPa, 54% higher than that of the initial state alloy, and the elongation rate only decreases by
5.8%. Through quantitative analysis, it is found that the combination of fine grain strengthening and dislocation
strengthening results in an increase in ultimate tensile strength, and the contribution of fine grain strengthening is more
significant.

Key words: TA15 alloy; multi-directional isothermal forging; grain refinement mechanism; mechanical properties; fine

grain strengthening; dislocation strengthening
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