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(a)—photograph of equipment; (b)—schematic diagram of structure.
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(a)—powder sphericity analysis; (b)—powder solidity analysis.
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Figure 2 Powder morphology
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Table 1 Chemical composition of TC4 powder
TR K SRR 43w/ V6 FEIARZE SR A & 5w/ %

Al 6.18 5.5—6.5

\Y% 4.14 3.5—4.5

Fe 0. 047 <0.25

C 0. 006 <0.08

N 0.012 <0.03

(0] 0.108 <0.13

H 0. 0049 <0.012
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Table 2 Physical properties of powder

Dy/ Ds/ Dy/ CERULE/ WEEE/ JREEE/
pm  pm pm  (s(50g)"")  (geem™®)  (geem ™)
54.5 78.7 102.0 31 2.53 2.84

1.3 XWHE
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(a)—HEA 15 (b)—#ERL 2,
(a)—model 1;(b)—model 2.
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Figure 3 Schematic diagram of sample layout
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Table 3 Experimental Sample and Parameter Arrangement
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Drawing of tensile specimens

Figure 4
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Table 4 Summary of Mechanical Properties Results

S G R./MPa S(R,.)/MPa A/% S(A)/ %
1# 979 18 11.7 2.0
24 995 17 12.7 2.0
3% 983 21 12.3 2.3
44 1008 26 12.6 2.1
5# 1009 13 14.0 2.0
64 1004 11 13.0 1.8
®5 BFEIFSRELEHEICS
Table 5 Summary of Duration of Each Process Step
S G H 2R /s 3 IR TR ] /s BB a] /s R ARFEAWE] /s A FR BRI/ R
1# 60 18.6 29.4 0 NA
2% 60 18.6 29.4 0 NA
3= 60 18.6 29.4 0 NA
4= 123 46. 74 65.19 0 NA
5% 123 29.52 65.19 17.22 1
6% 123 29.52 65.19 8.61 2
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£ JEOL JSM 7200F #:47 . 50 1R 245 B
BYFTENZS 500 7R 2 B — W TG, B 6 o 2830k

(a)—1#IHE ; (b)— 2%k
(a)—sample 1#; (b)—sample 2#.
E5 AEFHFRRZTKESEMBERER
Figure 5 SEM images of samples under different
average beam currents
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(a)—2# ke 5 (b)—3#kAE
(a)—sample 2#; (b)—sample 3#.
6 AREFEHRMTIAFEBSERHERF
Figure 6 BSE scanning images of samples under
different average beam currents
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Figure 7 Schematic diagram
preheating and temperature

of no process

control

strategy in 1#—3# experimental parame-
ters
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Figure 8 Schematic diagram of process preheating and temperature control strategies under the same
powder bed preheating and total process preheating time
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Influence of Temperature Control Strategy Optimization on the Mechanical
Properties of TC4 Titanium Alloy Fabricated
by Electron Beam Selective Melting

GUO Jinxin', YU Dagian®**",KAN Wenbin®’, LIU Li’, LIN Feng'
(1. School of Mechanical Engineering, Tsinghua University, Beijing 100084, China; 2. School of Materials Science
and Engineering, University of Science and Technology of China, Shenyang 110016, China; 3. Shi-Changxu
Innovation Center for Advanced Materials, Institute of Metal Research, Chinese Academy of Sciences, Shenyang
110016, China; 4. Beijing Tiandi Integration &. Innovation Technology Corporation Ltd. , Beijing 100013, China; 5.
Beijing Qbeam Technology Co. , Ltd. , Beijing 100176, China)

Abstract: Electron beam selective melting (EBSM) is a powder-bed additive manufacturing technology that involves high-
temperature forming under vacuum conditions. The temperature control strategy of the high-temperature field has a decisive
influence on the forming performance and mechanical properties of the fabricated components. In this paper, TC4 titanium
alloy samples were formed by EBSM, and a comprehensive temperature control strategy based on the average beam current
was developed. An autonomous temperature control strategy was implemented to adapt to changes in the filling cross-sectional
area. Based on the process preheating method, a heat distribution strategy was developed, and its influence on the mechanical
properties was analyzed. The results show that when there is no process preheating and the average beam current is low, the
tensile strength is 979—995 MPa, and it tends to increase and then decrease with the increase of the average beam current.
With the addition of process preheating and multiple filling coupling, the precise control ability of the temperature field was
improved, thereby improving the mechanical properties of the EBSM 3D printed products.

Keywords:electron beam selective melting (EBSM) ;temperature control strategy ; mechanical properties; TC4

T TR YN



