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Abstract In order to improve building efficiency and ensure good accuracy and adequate mechanical properties of

metal parts, a variable density rapid manufacturing process based on selective laser melting technology is proposed.
Computer aided design (CAD) part model is divided into two building regions: shell region which is built by near-full-
density producing method and internal region which is built by porous structure producing method. The transition
condition of two producing methods are analyzed: transition between near-full-density structure and porous structure
can be achieved through control of the melting depth of solid substrate by adjusting processing parameters. The
experimental results of producing 316 L stainless steel parts by variable density rapid manufacturing process show

that, compared to producing metal parts only using near-full-density producing method, producing efficiency is
obviously increased, part weight can be reduced significantly and sufficient hardness can be obtained when using
appropriate shell thickness. To larger dimension metal part made by this process, the experiments also show that the
dimensional accuracy is greatly improved in addition to the above-mentioned advantages.
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Fig. 1 Mechanism of selective laser melting of metal
parts with high density
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Fig. 2 Schematic diagram of evolvement of vertical section
shape of single molten pool made by laser melting of
metal powder. (a) metal powder can’ t be fully
penetrated by laser; (b)laser just penetrates powder
layer and can’t melt part of solid substrate; (c)laser
can fully penetrates metal powder layer and melts part
of solid substrate
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Fig. 3 Surface morphology of two molten metal tracks

using different scanning speeds (laser power:

150 W; powder-layer thickness: 50 pm)
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Fig. 4 Cross-section of metal parts made by two different methods(material: 316 L stainless steel). (a) near-full-density structure

(laser power: 80 W; layer thickness: 30 pm; scanning speed: 80 mm/s; scanning space: 0. 04 mm); (b) porous structure

(laser power: 110 W; layer thickness: 60 pm;scanning speed: 160 mm/s; scanning space: 0. 04 mm)
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of metal cube with different shell thicknesses
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Fig. 7 Two surgical guide plates manufactured by (a) variable density rapid manufacturing

process and (b) near-full-density producing process

H 116 fly sl ) 2 L %85 B il 2T L Bl BOR S
7 3L 5T AR I 1 R S A 1 S PR [ X %
#ham BTy IF Hh i B A AT A PR AR XOR
BRI Ry 2 TR B CR IR 2 9 4 0 XS 0L Rl 5
ANHREAZ W R T XL B R T — U R PR A
DU P BT IX 0 R J2 R BE B 60 pum) 1 BT A5 25500
/U B TR B [ R8P B 7R o 4k

F Pl 6 4 s 2 T s R A ) P S
KBy 2R (30 pm) s YAe KRB /NF 1.5 mm B,
JSTR A TS B i s A S B 1 396 o TR A R R KL 252
PRI Ry 1.5 mm B, B Y 44 4 46 3 ) 3 AR o8 4
IEA T OB A — 3. (HRE R R M N T
X3 2 JEE B (60 o) AH X 5 T 19 9 3 L 7 IX R )23
JEBE (30 pm) AT DL AR AR B 55 A9 B R A0 (1] 6 B[]
HiZR) R 1 R T e (R 6 %l ) o fHL R R
o 0t A I U0 L 65 Rl ) o AT LA B S
BT AR X R AR Ty 2E R AT A — o 1 DTK

Sk P 5% A B 1 T2 RORORS L OR AR %
BEfE T2 T — A EAZ B B RSB R
FARS W 7C) R AE A% b, ook 805 &S
R TR T — D F AR i 7 s .

7Ca) R M BOE T R85 WL Al JEBE S 30 pm,
FEJREE S 1 mm, 54l 3 B 52 AR X 300 mm/s Fl
BB IE 78 X 800 mm/s, 47 i £k ] B 52 4K X
0. 06 mm#Al P TP 7T X 0. 08 mm., K 7(b) K A
WO Z R85 WL A SR BE S 30 pum, 47 i 2 J& O
300 mm/s, L EE R 0. 06 mm, 394 77 20 468
2 XY IERE Z FIRAHE.

Hi &1 7 Ch) Al R FH B0 28 8 T2 AL i)
ARG TE O H BRI IR R A E
PRIl A (S S - A - S I N O (£ Y
+0. 72 mm; HR A AZ % 6l & L2 F RS
M (B 7o) JLT A K AE R TE L HERFE R
U S R SFAB BE O 0. 17 mm., B4k . R 78 %
il 38 25 DA B 3505 25 W T 28 R i T R 3 i 5
B ] 43 02 9.2 ho AT 12 h B X2 B2 43 500 R 86 040 Al

9294, RIRETESS T 1R 75 5 32 4 i T 25 11 2
4 4k 1w

Dot T 3#O0eVE T 6 8 B AR5 B iU 245 &
TEBCE S R A S I T E A N T
Z IR 30 /N X AR R Al ) A A T S B



1884 2l 5]

oo e 3%

2 & RO RILESE |2 € R0y Rl I U PORT: 38

2 g [ g SIS AF g 2 A R DA R R R AR
H AT BA WG RS S5 LA R S e i 0 AR
& — i3 T 308 X O K 1R B R 1 A 4 i i T
Z B EN o B R IX L R N TR X AESE AR X R
FH R 25 R Ty AR LR 1 g A PERE DA S R
LR JEE » 75 A BB SR X 3R Al B0 25 2 I 2 A
DA g BP0 3 | o A i R A o B e i i L A R
TR

3D IE 5 P B R SE B TR B R AR 2 BE A ik 12
AR X B SR 0 2 R 5 s R R R B
FERS %5 BE R R AR o FLoe A5 BE ik 31— 5 )& L
JRL B R R O B S A RE R . SR TR AR
TR S 2 B R FH A 4 R il i T B R A R A
A R SR A Y D S 3 B RE B 1k AR
AR« BRATHE R 14 R RS ORS BE G A

& & x #t

1C, Over, W. Meiners, K. Wissenbach e al.. Selective laser
melting: a new approach for the direct manufacturing of metal
parts and tools [ C]. 15T International Conference on Laser
Assisted Net Shape Engineering, Germany: Frankfurt, 2001

2 Kozo Osakada, Masanori Shiomi. Flexible manufacturing of
metallic products by selective laser melting of powder [ J].
International Journal of Machine Tools & Manu facture » 2006,
46(11):1188~1193

3 Kamran Aamir Mumtaz, Poonjolai Erasenthiran, Neil
Hopkinson. High density selective laser melting of Waspaloy
[J1. Journal of Materials Processing Technology » 2008,
195 (1-3) . 77~87

4 Rehme O. Emmelmann. Reproducibility for properties of selective
laser melting [C]. Proceedings of the Third International WLT-
Conference on Lasers in Manufacturing, Germany: Munich, 2005

5J. P. Krutha, L. Froyenb, J.
Selective laser melting of iron-based powder [J 1. Journal of
Materials Processing Technology » 2004, 149(1-3): 616~622

6 F. Abe, E. C. Santos, K. Osakada et al.. Influence of forming

conditions on the titanium model in rapid prototyping with the

Van Vaerenbergha et al..

selective laser melting process [J]. J. Mechanical Engineering
Science , 2003,217(1): 119~126
7 E. C. Santos, K. Osakada, M Shiomi et al.. Microstructure and
mechanical properties of pure titanium models fabricated by
selective laser melting [J]. J. Mechanical Engineering Science ,
2004, 218(7). 711~719
Yang Yongqgiang, Wu Weihui, Lai Kexian e al.. Newest

[ee]

progress of direct rapid prototyping of metal part by selective
laser melting [J] . Aeronautical Manu facturing Technology
2006, (2): 73~76,97

WKk, RARNE, RSN 45, 4R R X O Ak R PR
T2 Kesopr g [J]. = #ld R, 2006, (2): 73~76,97
Yang Yonggiang, He Xingrong, Wu Weihui e al.. Direct

©

manufacturing of customized orthopedics surgery orienting model
by selective laser melting [J]. Chinese J. Lasers ,» 2009, 36(9):
2460~2464
WK s 26 SRARNE 55, 18 WO IS b 1 He B ML B B
FARBMLI]. &+ B3k ,2009,36(9) : 2460~2464

10 Xi Mingzhe, Zhang Yongzhong, Zhang Pingzhi et al.. Influence
of processing parameter on the microstructure and properties of
the 316 L SS fabricated by laser direct deposition [J]. Chinese J.
Lasers, 2002, A29(11): 1045~1048
FERT, sRoiCR, MY G TZASEOT OGS B 316 L ANES
WAL PERER S (1], F Bk, 2002, A29(11): 1045~1048

11 1. Yadroitsev, L. Thivillon, Ph. Bertrand et al.. Strategy of
manufacturing components with designed internal structure by
selective laser melting of metallic powder[J]. Applied Surface
Science ,2007,254(4): 980~983

12 M. Badrossamay, T. H. C. Childs. Further studies in selective
laser melting of stainless and tool steel powders [ ] J.
International Journal of Machine Tools & Manu facture 5 2007,
47(5): 779~784

13 A. V. Gusarov, L
transfer modeling and stability analysis of selective laser melting
[J]. Applied Surface Science » 2007, 254(4); 975~979

14 Zhang Jianfeng, Shen Yifu, Zhao Jianfeng et al.. Melting
solidifying characteristic of Ni based alloy powders by selective
laser sintering[ J]. Chinese J. Lasers » 2003, 30(8); 763~768
FREINE, PRI, BEIE AF. WOk X IR B S Ni R B
REPEEEAFE [J]. B #L,2003, 30(8): 763~768

15 Chen Hong, Zhang Zhigang, Cheng Jun. Scanning path scheme
for SLS RP system [ J]. Jowrnal of Basic Science and
Engineering , 2001, 9(2-3): 201~207
M w8, SRR, B 2. SLS PR R T2 HOE T AR R g
WoE (V1. = mkakl TAAF 5 F4R, 2001, 9(2-3): 201~207

Yadroitsev, Ph. Bertrand et al.. Heat



