| 585 F11H/2021 £ 6 B/HAEXBFEHE

Tt Bl e B FZFHE

FA ORI HOCIE AL DU AR TCAEk & 2 2Lk diE
B e % 23 1) 535 i)

REEL AN e, RE EAT
RAL KB R R 2 'ﬁiﬁ%f&:?ﬁﬂ%ﬁ#i'ﬁm*’]%’lﬁiﬁiﬁihi T WM 110819;
HRALRSEBAEBE 1A, LT R 110819

FEE RN R B4 5 w38 O A TR B R 4 1 TCA KA 4o B 64 BB (OM) (X 95 LR A5 14X

(XRD) . J34ff 7 B3B8 (SEM) F L 7 5 BE M RHR 56 HLATF 92 1 49 1 5K I % T C4 Bk & 4 41 2R 44 BE 1 52 ), 1) T X

Eié%mﬁﬂzxﬂw 4 XOZ V-1 5% 42 N T3 (3 A8 R A3 A #EAT 40 B o S5 AR R W] IR m 7 N EH A IB A,
ST TCA A4 5 PERE . T CARE Fh LE 18152 43 4% 5 s TR 09 A 5 B2 0 J AR5 B2 Jie R, 43 31 O 1251. 7 MPa

%u 1200.0MPa,ﬁﬁﬁﬁﬁrﬂHTﬁﬁﬁwﬁ?TCMiu”nH’Jﬁ@?ﬁﬁf%ﬂ@lﬂ&?ﬁﬁ%d\ 23914 991. 5 MPa #1 1010. 9 MPa.,

B A N 3 AE N [ 3 4 SR T B A AR AR R, v, 43 IXC [l i 4 il A5 3R B DUl 45 R A3 A BT 5, S [ 9 4 SR e

AR URE 09 A A B 7 7K T HE AR R 43 DX B0 E 4 i FE B L e B A

FEIR  BOLLYE; BOGKADIR, TR, G4, ALRERR; RN

FESES TG39% XEIRER A doi: 10. 3788/LOP202158. 1114002

Effects of Scanning Strategy on the Microstructure, Properties, and
Residual Stress of TC4 Titanium Alloy Prepared by Laser Melting
Deposition

Shan Qibo', Liu Chen', Yao Jing', Zhan Yu’, Liu Changsheng"
'Key Laboratory of Material Anisotropy and Texture of Ministry of Education, School of Materials
Science and Engineering, Northeastern University, Shenyang, Liaoning 110819, China;

*Department of Mechanics, School of Science, Northeast University, Shenyang, Liaoning 110819, China

Abstract In this paper, TC4 titanium alloys were prepared by laser melting deposition using different scanning
strategies. The effects of scanning strategy on the microstructure and properties of TC4 titanium alloys were studied
using optical microscopy, X-ray diffraction (XRD), scanning electron microscopy, and electronic universal material
testing machine. In particular, the evolution and distribution of residual stress in the XOZ plane of the TC4 alloys
were analyzed in detail using XRD. Results indicate that the scanning strategy affected the morphology of the basket
microstructure, which in turn affected the mechanical properties of the TC4 alloys. The tensile and yield strengths of
the TC4 specimen under the roundabout scanning strategy were the maximum (1251.7 MPa and 1250.0 MPa,
respectively) , while the tensile and yield strengths of the TC4 specimen under the unidirectional scanning strategy
were the minimum (991.5 MPa and 1010.9 MPa, respectively). The residual stress varied substantially under

different scanning strategies, with the test results of the partition roundabout scanning being distributed more
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uniformly. The order of the overall stress level of the specimens obtained using different scanning strategies was
partition roundabout, reciprocating, roundabout, and unidirectional scanning.

Key words laser optics; laser melting deposition; scanning strategy; titanium alloy; microstructure and properties;

residual stress
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Table 1 Chemical composition of TC4 powder

Element Ti Al C Fe
Theoretical mass fraction /% Bal. 3.5—4.5 5.5—6.75 <0.08 <0.3
Measured mass fraction /% Bal. 3.82 5.83 0.023 0.068
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Fig. 2 Schematic of each scanning strategy. (a) Reciprocating scanning; (b) unidirectional scanning; (¢) roundabout scanning;

(d) partition roundabout scanning
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Fig. 3 Schematic of tensile specimen sampling along different directions. (a) Parallel direction; (b) perpendicular direction
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Fig. 6

Macrostructures of XOZ plane by various scanning strategies. (a) Reciprocating scanning; (b) unidirectional scanning;

(c) roundabout scanning; (d) partition roundabout scanning
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Fig. 7 Microstructure of XOZ plane by various scanning strategies
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Fig. 8 XRD patterns of TC4 titanium alloy samples produced
by LMD using different scanning strategies
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Table 2 Tensile mechanical properties of laser melt-deposited TC4 titanium alloy

Tensile
Tensile test direction Scanning strategy Yield strength /MPa  Elongation /%
strength /MPa
Parallel to deposition direction ] ) ) 998. 8 1017.0 13.2
. o o Reciprocating scanning
Perpendicular to deposition direction 1116.8 1124.0 6.8
Parallel to deposition direction o ) 991.5 1010.9 12.0
) . o Unidirectional scanning
Perpendicular to deposition direction 1043.5 1048. 2 4.7
Parallel to deposition direction ) 1080.0 1023. 3 10. 3
) o o Roundabout scanning
Perpendicular to deposition direction 1251.7 1250.0 3.6
Parallel to deposition direction » ) 1088. 3 1036. 7 11.9
. . o Partition roundabout scanning
Perpendicular to deposition direction 1156. 7 1170.0 3.2
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Table 3 Residual stress values of samples using different

scanning strategies

Mean stress value /MPa

Measuring ) . o Partition
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scanning scanning scanning .
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Fig. 9 Comparison of residual stress values of samples using

different scanning strategies
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Fig. 10

Residual stress detection results of four scanning strategies. (a) Reciprocating scanning; (b) unidirectional scanning;

(c) roundabout scanning; (d) partition roundabout scanning
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