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Abstract In this paper, using pulsed laser and continuous laser as the heat source of the selective laser melting

process, the effects of different laser average powers and pulse duty cycles on the density, surface roughness, and

microstructure of Ti; Al, V titanium alloy samples are studied. Experimental results show that compared with

continuous laser, the use of pulsed laser with a duty cycle of 60%—=70% can significantly improve the surface quality

of the part. The surface roughness is as low as 3.6 pm,

and the sample grain width is reduced from (1.14 =+

0.23) pm to (0.85+0.18) pm, and can effectively eliminate the warpage caused by the accumulation of thermal

stress during continuous laser processing.
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Fig. 1 SEM image of TC4 titanium alloy powder
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Table 1 Composition of TC4 titanium alloy powder
Element Ti Al Vv Fe C H O N
Mass fraction /% Bal. 6.42 4. 00 0.21 0.0076 0.0016 0.12 0. 004
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Fig. 2 Relative density of TC4 titanium samples under

different laser parameters
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Fig. 3 SEM images of TC4 titanium samples under different pulse duty cycles. (a)—(d) Pulse duty cycle is 30%, 50%,
60%, 100%, when the laser power is 110 W; (e)—(f) pulse duty cycle is 30%, 80 %, when the laser power is 190 W
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Fig. 4 Surface roughness of TC4 titanium samples

under different parameters
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Fig. 5 SEM images of TC4 titanium sample surface under different pulse duty cycles (laser power is 110 W).
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Fig. 6 SEM images of TC4 titanium sample surface under different pulse duty cycles (laser power is 190 W).
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Fig. 7 SEM images of TC4 titanium samples under different pulse duty cycles. (a) 30%; (b) 50%; (¢) 70%; (d) 100%

3.4 TREESW

SLM 7E BUE i 72 s 78 25 5 7= Az 5 it s DT 52 e
BUCAE FE 8 A K RS B A 22, 2 S HE
PR IE . SLM 3t B v 4 T oy oK PR o 445 1 358 ] I 2
RN A E R E R Y =R s = N AR 2
BOEAF R A RN T I R L A Y
JIAR MR A B 5 BE A R B 2 Ot BT
TRE A A0 TR g RS AT 4 e B e ot K

B3RS AT R S BOG DA 190 W ki
25 R 70 Yo B, AR A S0 B A v L 3% AT A R R
AL, WL, 8 ZSE06H T SLM BUE I 5 % 2

RPN PPN N PN U O

WOCH B I B AT X L 25 R 0181 8 . A
8Ca) AT LA B, 2 Bk vh ot 25 HE o 70 06 L BB &
TFEA MR A . T 8 (b) bl JH % 223
JCHT B, 25 5 350 P s 07 B AL 2 3 mm, 22 B
W R DR AT BN A v 2 AR R R X R W
FHBK th#OEBEAT SLM SE AT AR AR 2 1 4 980 44
PARY 2N 2 QINECSP e SO DN I 7 S g (5
1 P9 T ) AL AT R R 1 S 45 TR L S 7
LBk, BEAh PR ehOLE WT L A 28, 37 O A
M B FE eI R Al AR I R YR T2

Bl 8 WotThA N 190 W BT ENFAF AR TE 4k, (a) ikl 5 25 HE oA 70 D0 0L 5 (b) 2L M0

Fig. 8 Deformation of the printed part when the laser power is 190 W. (a) Laser with pulse duty cycle is 70% ;

(b) continuous laser

4 4E 7

FT SLM HORBETE 1k vh 0O 1 2y 5 80 ik oh

i 25 FERT TCA B 6 1aRE SO 38 Th MRS %2 | T

WL AR A B SR, SR AR R

B 07 POk e 90T P ARG ) o B0 A 1R L B

211404-6



Wt 5ot T o R

e R AT IKF] 99. 88 %6 5 A B A ik nfr 8k 1 Bk e o
25 L AT AU/ T 7E DR IE e B0 B 1 () e K
B 2R TET S L KRR Y 3 ML RS B AR R R
3.6 pomn s o FH K O N T B 0 Tt ELA B R 2
B DA A6 BT IR RE 1 9 FR A 2, HL ko o 2 1
ARG b BB AR S e SRR BE (1. 14220, 23) pm
Ul /N (0. 500, 13) pemn (8 FH DK w800 AT LA B ARG 4T
B A P AR T N T AR T A S5 AT B
2y 3 mm [, R R TC4 kG &%

RS,
5 £ X W
[1] Zhao Y Q. Current situation and development trend

(2]

(3]

(4]

of titanium alloys[]J]. Materials China, 2010, 29(5):
1-8, 24.

IR . E AR B 4 AT 5T Y R e IR B e [T
Hh [ B RLE R, 2010, 29(5): 1-8, 24.

Cheng J Q, Shi C. Study progress of microstructure,
properties and processing technology of titanium
alloys[J]. Hot Working Technology, 2016, 45(2):
5-8, 13.

FEER, M. SRE AR Phae Ko THE AR
HERELT]. T TA, 2016, 45(2): 5-8, 13.

Wang P, Huang Z H, Qi W J, et al. Application and
research progress on titanium alloy printed by 3D
technology[J]. Material Sciences, 2017, 7(3): 275-
282.

Fili, WIESE, BOCH, 5. BKA & SDITEE AW
N R A 58 BOR LT . BB 2%, 2017, 7(3): 275-
282.

Li]J F, Wei Z Y, Lu B H. Research progress on
technology of selective laser melting of titanium and
alloys [J].
Progress, 2018, 55(1): 011403.

R0, BLIESE, FERE. SR RERE S EOLE XAk
RO R #R L], WOt 5th F5# R, 2018,
55(1): 011403.

Lei L M, Hou H P, He Y L, et al. Application and

titanium Laser &  Optoelectronics

challenges of metal additive manufacturing in civil

aviation[J] . Aeronautical Manufacturing
Technology, 2019, 62(21): 22-30.

WM, BEERNS, frHam, SF. 4 YA O R R TE
R 25 Sk i nE 5 Pk LT 2 o B R,
2019, 62(21): 22-30.

Murr L E, Quinones S A, Gaytan S M, et al.
Microstructure and mechanical behavior of Tiz Al, V
manufacturing, for

produced by  rapid-layer

7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

211404-7

biomedical applications[J]. Journal of the Mechanical
Behavior of Biomedical Materials, 2009, 2(1): 20-
32.

Yadroitsev I, Krakhmalev P, Yadroitsava I. Selective
Tig AL,V alloy for biomedical

laser melting of

applications: temperature monitoring and
microstructural evolution[J]. Journal of Alloys and
Compounds, 2014, 583: 404-409.

Yang J J, HanJ, Yu H C, et al. Role of molten pool
mode on formability, microstructure and mechanical
properties of selective laser melted Tig Al, V alloy[J].
Materials &. Design, 2016, 110: 558-570.

Pan L, Zhang C L, Wang L, et al. Crack formation
law and mechanism in selective laser melting of 3161
(J1.
Progress, 2019, 56(10): 101401.

WEE, A, T, % T HREBOEKE LR 3161
AW BOE B XA T] . $Oot 5ot 7%
PERE, 2019, 56(10): 101401.

Ge Y N, Wu M P, Mao Y Y, et al.

stainless steels Laser &  Optoelectronics

Effect of
scanning strategy on forming precision of titanium
melting [J]. Laser &
Optoelectronics Progress, 2018, 55(9): 091403.
B, REMN, BHUT, 5. MO RIS R
W X R G 4 U R BE RS2 [T . WOt 5ot %5k
J&, 2018, 55(9): 091403.

Wan L, Wang S Q, Zhang X W, et al. Forming

alloy by selective laser

quality of titanium alloys by selective laser melting

based on partition scanning [ J]. Laser &
Optoelectronics Progress, 2018, 55(9): 091401.
Tk, ERR, KB, S 5T 20 DX A9 2 X
JeIEALER G & W OB Br i [J]. MOt 5ot 7 ax i
J&, 2018, 55(9): 091401.

LiR D, Liu] H, Shi Y S, et al. Balling behavior of
stainless steel and nickel powder during selective laser
melting process [J]. The International Journal of
Advanced Manufacturing Technology, 2012, 59 (9/
10/11/12): 1025-1035.

Bian P Y, Yin E H. Effect of laser power for metal
selective laser melting on morphology of 316L
stainless steel molten pool and residual stress [J].
Laser & Optoelectronics Progress, 2020, 57 (1):
011403.

KRR, PR BB LB YRR 316L A
B B AR R kA B s (] WOt 5ot
23k, 2020, 57(1): 011403.

Zhang G H, Guo S Q, Huang S, et al. Relative

density of GH4169 superalloy prepared by selective



WOk 5 Ot W T

R

[15]

[16]

[17]

(18]

[19]

[20]

laser melting[J]. Laser & Optoelectronics Progress,

2020, 57(3): 031404.

gk E 2, AR, Wb, T DO 1 b e AR ] 2%
GHM69j%Mﬁ&f7ﬁ%Eﬂ WL 56 ot
J&, 2020, 57(3): 031404.

Hu Y, Zhang J, Tan X J, et al. Influence of peak

power and pulse width on the formability of Nd :
YAG pulsed laser welding TC4 titanium alloy [J].
Applied Laser, 2014, 34(5): 427-432.

Ik, kA, WA, S Nd = YAG KOs IR %
TC4 B WA Ty % | ik 5 % 48 4% O (s ma [T . Rz
WO, 2014, 34(5): 427-432.

Lei Z L, Tian Z, Chen Y B. Laser cleaning
s [J].
2018, 55(3): 030005.
WiE, W&, BMER. Tk S0 #obl e AR
0. #5072 HE R, 2018, 55(3): 030005.
Demir A G, Colombo P, Previtali B. From pulsed to

technology in industrial field Laser &

Optoelectronics Progress,

continuous wave emission in SLM with contemporary
fiber laser sources: effect of temporal and spatial
pulse overlap in part quality [J]. The International
Journal of Advanced Manufacturing Technology,
2017, 91(5/6/7/8): 2701-2714.

Zafari A, Barati M R, Xia K. Controlling martensitic
melting to
achieve best ductility in high strength Tiz Al, V[J].
Materials Science and Engineering A, 2019, 744:
445-455.

An C, Zhang Y M, Zhang J S,

decomposition during selective laser

et al. Experimental
study on density and pore defects of cobalt-chromium
alloy fabricated by selective laser melting[J]. Applied
2018, 38(5): 730-737.
T, RIEH, sRAEA, Sk
BARBUEE S AL
2018, 38(5): 730-737.

An C, Zhang Y M, Zhang ] S,

Laser,
DO 1 1 8 3L 4
gy [J]. RN BOE,
et al. Resaerch on
influences of process parameters on density formation

and pore defect mechanism of cobalt-chromium alloy

[21]

[22]

(23]

[24]

[25]

[26]

211404-8

formed by selective laser melting[J]. Laser Journal,
2018, 39(7): 68-71.

R, SKIEH, sKRAER, SF. L ASHON % KOG
A F0ED - B0 FEE 52 Wi KL A AR LB Bk B T i L R AT Y
1. #otZed, 2018, 39(7): 68-71.

Dai D H, Gu D D. Tailoring surface quality through
mass and momentum transfer modeling using a
volume of fluid method in selective laser melting of
TiC/AlSi;, Mg powder [J]. International Journal of
Machine Tools and Manufacture, 2015, 88: 95-107.
Khairallah S A, Anderson A T, Rubenchik A, et al.
Laser powder-bed fusion additive manufacturing:

physics of complex melt flow and formation
mechanisms of pores, spatter, and denudation zones
[J]. Acta Materialia, 2016, 108: 36-45.

Yuan P P, Gu D D, Dai D H. Particulate migration
behavior and its mechanism during selective laser
melting of TiC reinforced Al matrix nanocomposites
[J]. Materials & Design, 2015, 82: 46-55.
Khorasani A M, Gibson I, Ghaderi A R. Rheological
characterization of process parameters influence on
surface quality of TigAl,V parts manufactured by
selective laser melting[J]. The International Journal
of Advanced Manufacturing Technology, 2018, 97
(9/10/11/12) : 3761-3775.

Xiang Y, Zhang S Z, Li J F, et al. Numerical
simulation and experimental verification for selective
laser single track melting forming of Ti;Al, V [J].
Journal of Zhejiang University ( Engineering
Science), 2019, 53(11): 2102-2109, 2117.

W, AR, 2RI, 4. Ti ALV R BOE K
Pl B3 O BB S SL R SR [T WL R = 4k
(220D, 2019, 53(11): 2102-2109, 2117.

Jiang X J, Chen G Y, Men X L, et al. Grain
refinement and excellent mechanical properties of a
Ti-based alloy via laser melting and subsequent low
Materials Science and

182-187.

temperature annealing [J].

Engineering A, 2018, 737:



