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Abstract The formation of H13 steel powder material is conducted by using the selective laser melting (SLM)

technology, and the influence rules of process parameters on the forming defects are obtained via a comparative

study by changing the parameters including laser power, scanning speed, scanning pitch and scanning method. The

results show that, in a certain range, the increase of laser power or the decrease of scanning speed is beneficial to the

formation of parts. A too large or too small scanning pitch has a significant impact on the forming quality and thus

the pores or fusion-incomplete defects occur. The quality of forming parts under S-shaped orthogonal scanning is the

best if compared with those under Z-shaped orthogonal scanning and single X-direction scanning.

Key words laser technique; selective laser melting; process parameters; forming defects; H13 steel

OCIS codes 140.3390; 350.3390; 160.3900

1 51 7

B JE T PFHOEHE M 1 R 2 i AR R
JE AERTAS TR AR Tl A W PR o 2 1 2 U A
B TARGF R B R BOEHE B 8 R %
IR R FEG KA S BEG S MEeE,
SR 791U 5238 2 7 il 32 ol A By Tl 25 T R
5 E BV A e P BE A i OB, O 1 b i 3

i BHEE. 2017-10-18; WM Fm B HEI . 2017-10-23

) 2 JEATY 32 1 20 B AR MR 24977

PG XA fb (SLVD B O 28 # 1E 165 1k
BRI B KB R BRI OY  BA O RSB
1o R A TR A R SR N BTG DX A
AEWANEE TR TR Z e S LR, Of
AR TR AR, H13 2 — R AR AR, 2
TERR T A9 SE A L A 5 8 70 2 B & PR RE A
SRR R . mSPERE S 8 T A R

HEE&HH.: EEHESU LR (2016 YFB1100202) % H SR FH¥ 524 (51675446,51474178)
EE® AN . REK(995—), B BB 58 A . 3550 SOGB4 45 F 58 O T Y BIF T

E-mail: 2990310095@qq.com

SURE A Aok 1979 B L BIWESE O, AR R0, R S R E HE Or BT . E-mail: yb@swjtu.en

* BIEE R A . E-mail: xnrpt@163.com.

041405-1



55, 041405(2018)

ANSHBIZFHRE

www.opticsjournal.net

Ir IR RIARAS i R A2 A L SLM it R A7 AE 5 7 A ik
B PEREXE DL S R, G TR RE & B RO
DSR2 B O I % B e 14 5 Wi R ik
ZRGEEMPIBIE. FIE. A SCRL H13 B89 0 X
G5 T SLM i B v TSRO Y R
JE A TRLAR 47 48 5 30O 0 U K it s e 52 e ML

2 SR A R

KT AR O R A BR A R Y SLM-280
A SLM &, Iz &R T KA 1064~1100 nm

OCLFHOG SR . FESEERR T R REOL Y 3
500 WL 49445 3 BF 100~7000 mm/s . 58 & BE 20 ~
80 pm, f K W B R 5F 250 mm X 250 mm X
300 mm,

SCHR T M R H13 BLHA S F R R 1K
Rife R 15~45 pm, HA 20 W3R 1. A WNIE N5
ARORA R o E T T I 3R AT T LA BR RS Ll
15 JF P AR I U RUE R TH T340 . 7R SL g i 2
P o 4 AR L A AR OR R T SO BUE K i
B 1 552 o B AR

F 1 HI3 WA a5 %0

Table 1 Compositions of H13 steel (mass fraction, %)

Element C Si Mn

Mo \ P S

Content 0.32-0.45 0.80-1.20 0.20-0.50

4.75-5.50

1.10-1.75 0.80-1.20 <<0.030 <0.030
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Table 2 Single-layer single-channel forming parameters

Laser Scanning  Powder Spot
Parameter power / speed /  thickness / diameter /
W (mm - s ") pm pm

Value 250-450  800-1600 40 100
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(a) 250 W;(b) 300 W;(c) 350 W;(d) 400 W;(e) 450 W

Fig. 1 Single-channel morphologies under different laser
powers. (a) 250 W; (b) 300 W; (¢) 350 W;
(d) 400 W; (e) 450 W
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&2 ASTa] 4 3 B T B S TR
(a) 800 mm/s;(b) 1000 mm/s;(¢) 1200 mm/s;
(d) 1400 mm/s;(e) 1600 mm/s

Fig. 2 Single-channel morphologies under different scanning
speeds. (a) 800 mm - s '; (b) 1000 mm * s ';
(¢) 1200 mm + s '; (d) 1400 mm + s '; (e) 1600 mm * s '
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Table 3 Multi-layer multi-channel forming parameters

Parameter Laser power /W Scanning speed /(mm + s ')  Scanning pitch /pm Scanning method
Z-shaped orthogonal scanning,
Ttem 250-450 300-1600 40-80 S-shaped orthogonal scanning,

single X-direction scanning

B3 BOL DR MOE A R AR . () 250 Wi
(b) 350 W;(c) 400 W;(d) 450 W
Fig. 3 Effect of laser power on forming part quality.
(a) 250 W; (b) 350 W; (c¢) 400 W; (d) 450 W
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K 4 HAGEE XN I FRENEN ., (a) 300 mm/s; (b) 400 mm/s; (¢) 500 mm/s;(d) 800 mm/s;(e) 1200 mm/s
Fig. 4 Effect of scanning speed on forming part quality.
(a) 300 mm * s '; (b) 400 mm * s '; (¢) 500 mm * s '; (d) 800 mm * s '; (e) 1200 mm * s !
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Fig. 5 Effect of scanning spacing on forming part quality.
(a) 40 pm; (b) 60 pm; (¢) 70 pm; (d) 80 pm
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Fig. 6 Schematic of SLM scanning strategy. (a) Single X direction scanning; (b) Z-shaped orthogonal scanning;

(¢) S-shaped orthogonal scanning
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Fig. 7 Forming quality under different scanning modes. (a) S-shaped orthogonal scanning; (b) Z-shaped orthogonal

scanning; (c) single X direction scanning
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