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/' | |
PUEDTR | WOLIRW | WOLHH | FUEIE (mmvmin) | IR mm | LREA D mm

FobsE |
/NEEE | 450

2000 | 0.28 |

| 0.28 |

600 | 2 | 2
900 | 0.4 | 1

R2 Ti-Al BEMRIESE
Table 2 Thermophysical properties of Ti-Al alloy

I A
B/ [EAHLIREE, | WOAHZIREE, | ARy Y LA/
(kg/m*) K K (J/kg) (W-m'-K")  JV(kg-K))
4220 | 1877 | 1923 | 2.86 % 10° | 14.16 | 546
#3 HESERENSH
Table 3 Simulation parameters
I I
WS BC YIlG i A S Qe | TP | AR ——
0.14 | 0.04 | 1 | 2.7 | 3%x107° 4 | 1.55%x 10°°
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Table 4 Chemical composition of TC4 titanium alloy substrate (mass fraction)

Ti Fe C N
i <0.30 <0.10 <0.05
A S AR FEA AR R 12 %
NER 4 PR, DU T T2 2%0n
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REAT TR0,
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G RPTR ARG TAE R SR
. R ARG RHAFEH CNC R4,
G AR Ar SAE M R BRI A

%

H 0} Al \Y
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x5 WMARRAXIZEH

Table S Two sets of deposition parameters

VBT | MR/ (gmin) | ZE/mm
FOtEE 15 0.6
INEEBE 1.0 0.2
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Grain Evolution Simulation and Preparation of TC4 Gradient Structures
Fabricated by Laser Deposition Manufacturing

HE Bo"?, WANG Yuxuan', YANG Guangl’2
(1. School of Mechatronics Engineering, Shenyang Aerospace University, Shenyang 110136, China;

2. Key Laboratory of Rapid Development & Manufacturing Technology for Aircraft, Shenyang Aerospace University,
Ministry of Education, Shenyang 110136, China)

[ABSTRACT]

In this paper, based on the macroscopic finite element method and the microscopic phase field method,

a multi-scale simulation model for laser deposition manufacturing (LDM) of TC4 titanium alloy gradient structure was
constructed. The model successfully predicted the microstructure evolution of TC4 gradient structures obtained with
different deposition layouts and process parameters. The results show that in the gradient structure of large-spot high-energy
density deposition followed by small-spot low-energy density deposition, the grains transit from coarse columnar crystals
to fine columnar crystals. The formation mechanism of the gradient structure includes the generation of the coarse columnar
crystal interface, the nucleation of the fine columnar crystal and the continuous epitaxial growth and competitive growth
of the fine columnar crystal. In the sample deposited along parallel directions, small-size grains grow on the top of large-
size grains. In the sample deposited along vertical directions, small-size grains nucleate and grow vertically in a T-shape
adjacent to the large-size grains. According to the simulated process, TC4 gradient structures were fabricated by LDM and
the experimental observations match the simulation outcomes.

Keywords: Laser deposition manufacturing; Titanium alloy; Phase field method; Gradient structures;

Microstructure simulation
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