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Annealing Simulation and Deformation Mechanism of Large-scale

TC4 Titanium Alloy Specimens
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2.School of Materials Science and Engineering, Beihang University;

3.Beijing Institute of Aeronautical Materials Co., Ltd.)
Abstract: Aiming at the annealing deformation problem of typical TC4 titanium alloy specimen after milling, the
effect of machining mode on the initial stress distribution of specimen surface was statistically analyzed and mod-
eled. The influence of residual stress, cooling rate of heat treatment and structural length on heat treatment de-
formation were discussed based on the finite element model. The results indicate that for titanium alloy and alu-
minum alloy specimens, the residual stress caused by milling is dominated by compressive stress, and the stress
distribution presents approximately “half S shape” with the increase of layer depth. Compared with the theoretical
model that ignore the residual stress distribution caused by milling, the deformation degree of the model specimen
that consider residual stress distribution has a tendency to increase with the increase of milling accuracy. With the
increase of cooling rate, the deformation degree of titanium alloy specimen is increased and presents a parabolic
trend. By applying constraints, the deformation degree of large-scale titanium alloy specimens with long and thin
wall can be improved, and the heat treatment deformation of specimens is sensitive to the position of constraints.
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Fig.1 Statistical division of milling processing methods
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Fig.2 Schematic diagram of residual stress

distribution model caused by milling
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Fig.3 Statistical model of residual stress distribution

along the layer depth introducing milling process
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Tab.1 Coefficients and characteristic parameters of residual stress distribution model of workpiece caused by different milling methods

ppe 25 a b c d 0 surface/ MPa 6 max/ MPa 6 basic/ MPa I max/ mm I o1/ Mm
HLBE —3 942 7065 —3049 —173.1 —190 —570 —100 0.3 0.8
N ks BE —3 257 5914 —2 430 —381 —100 —380 +80 0.3 0.8
bt —4 982 7 804 —3131 214 4205 —180 +100 0.3 0.7
H Bk —935.1 1843 —798.2  —278.7 —280 —390 —100 0.2 1.0
BAL KBk —1131 1986 —778.5  —149.9 —160 —220 —80 0.2 1.0
A Bk —2 492 4323 —2 187 308.5 4300 —50 +30 0.3 0.8
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Fig.4 Geometric model of TC4 titanium alloy specimen
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Tab.2 Thermalphysical parameters and mechanical

properties of TC4 titanium alloy

L/ iﬁr& %y“t)] Jif A ﬂtﬂﬁ;&%% i/ ttﬁs?/ — wE/
C 1‘%%/ 1‘%%/ RiFT/ B/ (1076« (W (Jekg ! i (g

GPa GPa MPa K1) m!-Kl) K1) cm %)

20 125 44 803.89  8.78 6.8 611  0.342 4.44
250 110 40 701.32  9.83 8.7 653 - =
400 100 36 605.32  10.68 10.3 691 - =
600 74 32 500.82 11.42 13.72  749.3 —  —
700 55 20 462.10  12.01 16.23 8124 —  —
800 27 10 397.12  12.21 17.31  596.3 —  —
850 5 2 321.37  12.37 17.86 9525  —  —
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Fig.5 Formulated annealing process curves
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Fig.6 Typical deformation nephogram of heat-treated

deformation and schematic diagram of deformation

characteristic parameters of specimens
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Fig.7 Relationship histogram of different milling precision

and deformation parameters
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Research Progress in Electroslag Metallurgical Preparation Technology

for Middle and Large Steel Ingots

Zhao Liting, Chen Rui, Gao Yunbao, Han Zhi, Li Ruixin, Li Jingming, Wen Qiulin

(Shenyang Research Institute of Foundry Co., Ltd.)
Abstract ; Electroslag remelting method has the characteristics of pure metal, dense structure, and smooth sur-
face, which is widely used to produce large steel ingots with demanding conditions combined with its derivative
technologies. The principles and research progress of four kinds of large-scale steel ingot production technologies
were reviewed, including electroslag remelting technology, liquid-metal electroslag technology, double-circuit
electroslag remelting, and electroslag remelting-welding technology. With the popularization of the electroslag
composite concept, the electroslag welding technology was proposed to produce large-scale steel ingots, and tech-
nical advantages were expounded.

Key Words: Electroslag Remelting, Liquid-metal Electroslag, Double-circuit Electroslag Remelting, Electroslag

Remelting-welding, Electroslag Casting-welding
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