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Abstract This study investigates the effect of process parameters on the relative density and microscopic pores of samples
formed using selective laser melting (SLM) technology. To analyze and discuss the 18Ni-300 maraging steel, an
orthogonal experimental scheme is designed. With the three-dimensional SLM forming process parameters (laser power,
scanning speed, and hatch spacing), the relative density of printed parts is studied and analyzed based on the gray theory,
the corresponding relationship between the relative density and volume energy density is obtained, and the microstructure
and holes of the material are analyzed. The results show that when the volume energy density is 30-50 J/mm?’, the relative
density is low. In addition, increasing the volume energy density within this range can significantly improve the relative
density of the material and keeping the volume energy density at 50—150 J/mm’ can achieve high relative density. With
increasing relative density, the holes in the sample gradually becomes smaller and its shape becomes regular. When the
relative density reaches 99% , the tiny holes with a regular shape are obtained. The samples with high or low density can
be obtained by changing the range of process parameters.
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Fig. 3 Plane projection of the sample in three-dimensional space. (a) Laser power and hatch spacing; (b) scanning speed and hatch spacing

3.2 IREBESW

AR T S 8 7 3 A T 3 A i R I T G
AT TR AD FR G S X R i U B AT A G TR
o, LIRS T ES B EUE R . Bk,
SR FH R KRR 0 55 0 SOk 300 B 00 AT 03— f Ak
RN

2, (n)—min[ z,(n)]

yi(n) = (3)

max[x[(n)}— min[xl(n)}’
K :a,(n) S ZF I 5y, (n) R TS 50 ik e
HAE

VA — A A B S5 S5 gl 2 % 3 6 S 4l 1 AT TG 1 AN Ak

b B DA T B0 B AT 6 B Ao AT o X BCHE SR AT A
— A Ab H S B AT AT R A 0GR R A (GRC) By 5, w]
RKoRH
A+ f'Amax
Aln)+ EeA ’
K A(n) RS2 7 5 H T 9 2 22 1 45 X5 {H, X
TR Ry O 2 7 30 5 A e B0 22 150 91 0 05 KA 5 A W it 22
o9 e /IME 5 € R 43 BE R, — IRIBCH 0.5

SR SR & € R M R AN S S Y
(GRC) B Ry Jik e R BE (GRG ), M4 I 2 G 16 B 1y 1
SR8 SRl T A 5] 2 8508 T B ) iR B0 B2 AT 20 B o
# LSS KA BB R M 4 FR  Hr K

Alan),y,(n) = (4)

0.9F . ’—./-
// RSN "\

0.7 /

1 1 L 1

=7\

1 1

Laser power /W

L 1 1
150 200 250 300 350 0.06 0.08
Hatch spacing /mm

1 1 1 1
0.10 0.12 500 750 1000 1250
Scanning speed /(mm-s)

[ 4 & T 22 B0 BRI R

Fig. 4 Influence of various process parameters on relative-density

1716001-3



R X

O TR B R, R IR B B s . v LR B B
WG TR A 1) 5 R 41 8 1 28 T 4 K R O
ERSE R N RN Y SE N E R &b R (R 2
i, B RE 0% 0 I Sl e B I O T R AR Ak
Bk, B B B A 3 ARk BN . AN T 2 S 80h,
WOE T R R 20 BE i R ok, F R E Rz L
1 1] B X 350 % B8 A 52 ) fe /N o FEBOR T RN 275 W
HAE RN R 0. 09 mm 448 3 2 900 mm/s &b a] B %
TR AR K JR B 5 R A, B2 ) R B A
3.3 HEESHEETE

Iy M s IRRE I B0 B R, A A R % B IR )
M 80 B 5 R RE & 2 2 H) 0 06 &R L AR BN R 2 50
AR RBE R E SEREN XA WME SR, 1l
DL B - 2 O SR ) A B 2 B A A R A X 2%
B AR, 1A B B %5 B A 30 J/mm* B4 F) 50 T/ mm’ i,
AR B 88 %0 N E T 98%6 3 m T 10% . %3
PRl PN ) A i 28 B G UG, A 4 B R K A IO R
AR P2 A 2 BRAL BURE , AR G 25 1E 35 78 Bk Ak
7 B) A S B, 5 7 BR AR 0K 8] 7= A= S ALk M BT, 53
TR B0 B B AIS , DL IS, i 2 1R BB 2 2 5 1) i R 3
o P LN M RRE N B — R L iR
FEECR AR T3 98 %0 A A, Ak SR K BE &= % iR
FESUR B TCM B AR T IR e — B N . KRR R
2 K B 9%l 50~130 T/mm* 3 Bl i 75 97 % ~
99% Z I8l IRk sh, REE R A . MR RE = %
Ap S 1K, Mt 150 1/mm® 5, AR 8% B XU 4R 3% i
R o 28 b BTk, iR BRIk BB & % IR RF 7E 50~
150 J/mm?® B i 45 21 A X5 3¢ e 10 3508 B R R Y 1A
fiE B 9% R 2 AE 30~50 J/mm’ YU [ ] 15 3 0% E AE
88%6~98 %6 i Bl N () I FE o

$£59%5 £ 17H/2022 F9 A/HAEBFFHE

B e 2 8 8

Relative-density /%

g 8

Il 1 1 1 Il 1 Il 1 Il

20 40 60 80 100 120 140 160 180 200 220
Energy density /(J-mm™)

FU5 T2 B0 4 sk B 0 VR 5 o
Fig. 5 Volume energy density and relative-density of samples

with different parameter combinations

3.4 WHUFLE

MR R U SR RE R E S, XA T B
W 2 R AL o A, i — 2B R AW T E S B A1
TR RE 5 2% B X SLM I By FC A B 304K 30 R 30% B 1Y)
RE A5 2 R [F] AR BB & %% BN B9 SO0 LR an 1] 6 BT s .
Hp R AIAFE R BB, Q MM KR R E . A
1 6(a)~E 6(c) T LA K B« 76 AR 1A R 1 2 1 {1 A
AR AL A 22 HORSE ek, e st ke 0 B0% B
i s IR BE B % B2 M 33. 38 I/mm*#2 7+ 5 42. 61 J/mm’
Jei o R B AL B B AR > HLRGE AR N R 80 B
M 88.47% HamE T 95.77% . M 6(d)~& 6(f)n]
DL B - 7 R AR fE 1 %5 B2 O 100~120 J/mm’ B, 3
BN 98 ~99% LA R IR BE B B I RN R
ANFRERBE S, W BN T2 S50 4R 8UE
FEIR B 99% Ja , FLAIR 76 A Ay 8 foBs T AR XE WL 2], FL
T 5 R B/ 5 24 R A g o %% 5 8 n 213 200 J/mm’

R =95.77%
Q=42.61 J/mun}

R =99.33%
Q=119.05 J/mm?

FL6 A [l AR fE Sk 2 B2 TR A SIOW AL 1] o (a) ~ (o) IR B8 BECRE 5 (d) ~ () e B0 B2 A
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