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Fig. 1 Part decomposed specimen of TA15 titanium alloy forging and metallographic specimen
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Fig.2 Dimension of specimen for micro tensile test (Unit: mm)

B ~{ Retained £ phase =
64 8 Lamella o pase

N

B3 TALS 8k& & BRAER

20 mm

Fig.3 Microstructures of TA15 titanium alloy: (a) Original microstructure; (b) Pre-deformation microstructure
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Fig. 4 Microstructural characteristics in different areas:
(a) Clear structure area; (b) Transitional structure area; (c) Fuzzy

structure area
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Table 1 Mechanical properties of different macroscopic
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Fig. 5 Morphologies of tensile fracture surface in different areas: (a) Macroscopic fracture surface in fuzzy structure area;

(b) Magnified image of chosen region from (a); (c) Macroscopic fracture surface in clear structure area; (d) Magnified image of

chosen region from (c)
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Analysis of f grain size in different regions:

(a) Distribution of S size; (b) Inequality Kp of § grains
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Formation mechanism for local coarse-grained macrostructure in
TA1S titanium alloy die forging

CHEN Lei', ZHANG Qi-fei', JIA Wei', MO An-jun®, ZOU Zong-yuan', JIN Miao'

(1. School of Mechanical Engineering, Yanshan University, Qinhuangdao 066004, China;
2. Deyang Wanhang Die Forging Co., Ltd., China National Erzhong Group, Deyang 618000, China)

Abstract: A local coarse-grained macrostructure which was identified as the clear structure, was found in the TA15
titanium alloy die forging. Usually, the macrostructure of TA1S5 titanium alloy forging was required to display a fuzzy
structure with fine microstructures. The microstructure and mechanical properties in the coarse-grained areas were
investigated by means of optical microscope (OM), scanning electron microscope (SEM) as well as micro-tension tests.
The formation mechanism for the local coarse-grained macrostructure was discussed. The results show that the
microstructures in various areas of forging display a duplex microstructure of titanium alloy which typically shows the
microstructural characteristics of titanium alloy during hot deformation in the (a+f) region. Compared with the fuzzy
structure area, the fraction of primary equiaxed a (ap) in the clear structure area is slightly lower, and a coarse lamellar
microstructure is found. Especially, a large number of coarse original £ grains which are surrounded by o phase on grain
boundaries are found in the clear structure area, and their average grain size reaches 124 pm, which is nearly 4 times of
that (32 pm) in the fuzzy structure area. The abnormal coarse f grains are considered to be a critical factor for the
formation of local coarse-grained macrostructure, and meanwhile, they can cause a decrease in strength and plasticity.
Furthermore, the results of thermal-mechanical tests show that the coarse-grained macrostructure is sensitive to the
strain rate. Lower strain rate causes an increase in the probability of such coarse-grained macrostructure. This is mainly
related to the occurrence of a,—/ dynamic transformation during deformation. For the forging with the clear structure,
the lower strain rate in each forging step, which is caused by the small strain within the same deformation time as
compared to the fuzzy structure area, as well as the further cumulative effect of small strain in subsequent forging steps
results in a significant coarsen of original § grains.

Key words: titanium alloy; macrostructure; clear structure area; fuzzy structure area; original £ grain
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