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Current Status of Selective Laser Melting for Aerospace Applications Abroad

Dong Peng Chen Jilun
(Capital Aerospace Machinery Company, Beijing 100076)

Abstract: Selective laser melting can manufacture complex geometries structures with thin walls and hidden
voids or channels without tools or mould, for difficult-to-machine materials. It provides a high efficiency, high-quality,
flexible manufacturing technique for manufacturing components in aerosapce fields. The current status and the trends
of of selective laser melting for aerospace applications in abroad were analysed.

Key words: selective laser melting; aerospace; current status of applications

1 318§ W 3 BEAT AT AR BRI AT o T SEAE AR 2 R e
DIFE R 2 5] BL A FNLEOR . BOEEAR VLA R}
EEMEHEM G RAR R TR IO AEHOGEMEAR P K RSN, SRR
PERRGIRE SR 22 51 PR, TR ORI KRR,
o fEA55S HBUG B LA KRNI Y77

oA RR FEIRA A
[GREATEIES

CAD f5H

A1 ik Ko mm R Azl

e . MG (1983-), TLAREM, Je2TRERk; BTFLT7m: BOLRRSEA 4

A
pERY

ks H 8 2014-03-06



R

R X BOE KL T (Selective laser melting, fij
SLM) i AR fi 78 [ Fraunhofer SO AT 7T BT
SRR TR RETR 1 & B AT RS HE R,
HERBILRAEWNE 1 frR. BoBEE: CAD 4
BRI, RAER 770 AR o
WAETHE AL T v BB 3 5 3 E X & 4
MARZ, HHBHTRE SR EE -8 BRHR
TSR 1 &R S, B 2IHiE B 54 CAD
B — S & B 2 1F

SLM AR B A HERFE R (A5 0.05mm). it &
U, INTARRDNETINT AR, RAZEARRIEK
FAFBRRE B LG T2 4, — AW B 55 5 2L
A A EE S AT EREAE . & A T, MRS, B
PAY fs AR 28 T 5 B e i R s 4 A P 1) v R P R AR
T3

2 BARRERR

2003 fEJEMEE MCP-HEK #Ed TR ¥ —4&
SLM ¥ 4. Ur4EK, f#[E EOS. Concept Laser. SLM
Solutions. J<[E Renishaw &5 AR A B 7EHOGE X 151k
BB AR 5187 IR T K2 kb . SLM % %R
RPEOLH LR EDC R & 4e P bl
AR B0 e . Har, EAMn A & it
(1) 4 R W' 346 X I e S RS 12 6 1140 ol P ST T ALY L —
A 250mm>250mm, = E—AE 300mm A . W
i [E EOS GmbH A H] ) M280 (i 2 fzs), HEE
RENISHAW /A ] ] AM250 25, % 4% #5 K F B A0,
I — N 200~400W.

B2 EOSM280SLM ik &0

N T HE— 0 SR O DS AL BT B i RSF

2014 %2 R4 14

PLJ 3% #, 2012 47 11 H, 48[ SLM-Solutions 2 =] #
H TS 400W/1000W 0 &5 B £ i IR B 4L Rk
IXOE RO XS ERIE &4, Wl 3 s, %
2 BUGARL IR ~FE B 9 500mms<280mm>325mml®., ix
P GO B T AR TR, ] PRI AR
D9 J2 T 7S TR A A R RS A O (1) 7 K
Concept Laser fil EOS /&) IEAE il B s A4 AR K
500mm>&00mm>500mm ) SLM ¥4 .

" .

B 3 SLM-Solution 3% &g Fik X fAb A T 1% &L

3 BARMRSENA

B T3 X WOLIE A BOY B R RS, BR
55 RIA B SO RN T IR (R R R AP
o BRFEFER . BRSNS B -LHEL TR
(  European Union  Sixth/Seventh  Framework
Programme ) . & [H #iff T % 4 ( German Research
Foundation). 32 [ [E B REIRER H9A4 & 0B it
Fibr. JEE TR SRR FZE <> (Engineering
and Physical Science Research Council) 25 [E A4 LA
JP S A E- T EADS 25 R i A i R Ak
SR529: 7 N R a1 111 =y = N E i S ey NE= e B Rl )
TR H A KPR 2248 [ 7 ER Tk oK 22 DA% e [
TWI. [ Fraunhofer SO A 7t B SR HLAATE
PARMREIE . SREEEI . S 48 ) 55 BT B B il )
DLK TR 75 T T 7 ks sl e,

TEN W, F2E GE A F 75 5% KA Ak A
BRI AL & B A RO E IS A G B & R RN, T
2012 AW T Morris 1 RQOM P Ll 3
SLM filiEEE AR AF], R 7Bk SLM U
OFAR. B 4 4 GE/Morris AR SLM BIEHEA
3% 1 A A 4B Z A,



R

[ ST S R W —"

a M REPUREE b ALE KHLBE

c  HEEHUAG d PEE S S

B4 R SLM B ARKH 0 5 488 o B R4

GE A#]iHRITE LEAP B R ShHLH KA SLM il
IERRMBEHE, Wil 5 Fros, &S RELTE 19 AME
TEYE . %A R SHLTE 2015 FEJE S 2016 EHI TG
HAe, GE Aw|THEA R =4FNEFA ™ 25000 4
STHLA

B 5 GE Aviation & LEAP "t 2% Zh#L

FE ML R B4, NASA B R il R AT b
(NASA’s Marshall Space Flight Center in Huntsville,
Ala) HIRFFEN 51T 2012 KL X BO BB OB BoR
S T 2 A RS UR R BN 2k 4 = AR 1 )
i, k6 . SEuR it flid JN A ST N
PEHIIN 9.k X WO AL OB BOR R O RGZ =
RFA 4V T IRIG SR AR, SEI R R AT
3G o IX PG L 200] DL E BBl AL B vt =
2 53 0% 5 K A ) v P R v RS JE ) R A o) 3 o
NASA AR 1 X FOE AL R BOR T AR A F

A R4 & A A

WG E], AT ARG T EHI MO RS, BRR T F
RS RRA . BT E R B iR, AR %
TR IR G5 M SR T , 27 T A T ST NASA
HATEEAE 2017 S5k “RERG RS T
56 A FR O I X A SR il (1 B F

¢ RS-25 s
B 6 NASA XA SLM #ARBHA
GRS

2013 £ 8 H, NASA X} SLM i fr) J-2X K EHL
WUE ST TG %E, W 7 s, 4558%H,
SLM il i (1) 2244 1] 58 429 2 R sh L= AF 1 -1

a  SLM il # AT ds b N RIS

¢ HFELRE

B/ 7 J2X KX E

4 REBEAR%RR



R

36 DX O HE A U B A S A 25 e R 44 14 1 il 2%
Mt T — R ARG T, AT Tl 2 AR St
TEHETERIS MRS 258, AR, X EOEE
AR A AR S 25 A6 BT R A 4 3 1 JEL
4.1 PRFRINMERRENIRITHHIE

36 DX PO A A BB A 1 A 45 AR P10 45
R BT SHE RN . RS R R
A2 HIE T ARG, nITh B 2 om s WI R 2
SRIGGH PR 0 Fh 548, LA SCI IR E . I8 -
EADS & A380 [132%¢ (Door bracket) fIfEib45#),
K FH IR A F 04k J5 78 OR 4 A 5 52 1R Aty | S 3
A0%IREE . FRILZ AL, SRAE X BOGE M BIE H AW,
A CASEEUAR . E k. THEEN. s A AT 2 IR o
RN A BT S i, 1k BT R 2 R E R
3o

B8 4m4MuAEy Airbus A380 17 % 42 ( Door bracket ) ™!

4.2 ZHERREERITHIE

L5 5 e R XA ST ) 4 SRR SRR, =
Y s PR R T S O, LU RIS . R REME
RELL BT AT ML TR 4E 0 — g 5 e R 450, 181 9
R PSS R LA R A eI R ) 52 B i T B
(RIBR, A Gl i 75 120 LA S I = 28 r I 45 40 1 e ok
. ETERERIG, TR R SLM BARBON
SRR R WA FIFAFEMEL AR
ZERRFAL V22 18] i PR S R 2 H AT SLM BORTIT FE AR
){—":Z\,—‘[ZON&] s

a St AL b AHEKIELH
B9 =4 R HRLEMERETE R RN

4.3 MEBRIZEERBREE AMH-E—FLH]

2014 %2 A% 14

i

W) Y R 4 o 4 SR S A MR R RIFII%EE
YegE. HET, HISIEEMRESR, Bl KRGS, %
WA BIEAE S ER G A (HEH T RE
B SRR 5 4 B A 2 1) SR AR SR AL AER R DA R 4
JBR IV TR T 1 22 e R R, SR W R 5
S ok P2 1 R R ) i A SR T . R X
JCREAL I £ I R IR BB K (T>10°K/s), ¥ A1 k[
SEREER, T 4B LA b ORI 5 TN A0 B 99K R
BAE S BRI 2R A, 7L 2R 4 B 3 ik
IR RS, SR AL RS0 24, gesh, dEIX Ok
& Ak ST R CATE A ) 1] 6 14D 17 o) 56 1l 52 A 425 10 1 1)
i, SEHUMRL- S5 1) — Rk i

a TiC 5 Inconel625 Ji&¥ K

b SLM FEZ TiC #5# Inconel625 &4 ZH 4
B 10 SLM %% TiC 323% Inconel625 &g a4

5 Z5RIE

X [ A SLM BARMT FT R BUR 20 H R  «

a. [EANMEBUR UL L AR ISR N DO
RIFEFRNZEG], BRREE T EREL, BE
r SRR LA SN AR e Rl )R, BEAT T
REFARIMMBIITAE, 7= . B 4ia5w%,
HEZh T @M SLM HARPOE K & -



R

A R4 & A A

b. SLM iR L EDE-r. MR B as 251
BORGU, LA PEIR S, BORE BRI, B%
& F BRI SLM B2 Ab, [R5 ZEE A R
TR, AR THESNZIEAR TR N R .

c. AL SLM Il e 2 5 Ji LU, i 1 6
DREAEIFEAT 7RSI, (EAE SR TR AL M
FT5 HATSAAAE VF 22 R R BE 18 ] R A5 A vk

d. WS R, KK SLM 8% 2 R,
i3 A R RO R S i iliE R 07 A A - SLM iR
BRAEBRE . M e e TRANSRPRIEET BT 5T
RLFIAE,  ARKEAHG 17 P R UL 5 & JR S 2 A R
ARG e (NEEE. BIKEES) LUK RSN
RHEAH

SRR

1 WRGEHE. WO DR ) it 13 AR 3 R i sl 2 A R 0], AR
HiliEHAR, 2010(6): 2

2 MKk, RAME, SRIOON, 5. 4R T ARE XEORE 1 E R Y T
Z R EOE R[], AU HIEROR, 2006(2): 73~76

3 ZEURA, H/NVK, FAKAE, & EMEIGEEARKRRD]. BT S EA,
2012 (A01): 20~22

4 Direct manufacturing Research Center and Heinz Nixdorf Institute,
University of Paderbom.  Thinking ahead the Future of Additive
Manufacturing - Innovation Roadmapping of Required Advancements [R]

5 http://www.eos.info/en

6 http://stage.sim-solutions.com/index.php?index_de

7 Bourell D L, Beaman J B, Leu M C, et al. A brief history of additive
manufacturing and the 2009 roadmap for additive manufacturing: looking
back and looking ahead[C]//US-Turkey Workshop on Rapid Technologies.
2009

8 Chlebus E, Kuznicka B, Kurzynowski T, et al. Microstructure and
mechanical behaviour of Ti-6Al-7Nb alloy produced by selective laser
melting[J]. Materials Characterization, 2011, 62(5): 488~495

9 Agarwala M, Bourell D, Beaman J, et al. Direct selective laser sintering of
metals[J]. Rapid Prototyping Journal, 1995, 1(1): 26~36

10 Buchbinder D, Schleifenbaum H, Heidrich S, et al. High power selective
laser melting (HP SLM) of aluminum parts[J]. Physics Procedia, 2011, 12:
271~278

11 Mumtaz K A, Hopkinson N. Selective laser melting of thin wall parts
using pulse shaping[J]. Journal of Materials Processing Technology, 2010,

210(2): 279~287

12

13

14

15

16

17
18

19

20

21

22

23

24

Brandl E, Heckenberger U, Holzinger V, et al. Additive manufactured
AISi10Mg samples using Selective Laser Melting (SLM): Microstructure,
high cycle fatigue, and fracture behavior[J]. Materials & Design, 2012,
34: 159~169

Lu L, Fuh J Y H, Chen Z D, et al. In situ formation of TiC composite
using selective laser melting[J]. Materials Research Bulletin, 2000, 35(9):
1555~1561

Chlebus E, Kuznicka B, Kurzynowski T, et al. Microstructure and
mechanical behaviour of Ti-6Al-7Nb alloy produced by selective laser
melting[J]. Materials Characterization, 2011, 62(5): 488~495

Vrancken B, Thijs L, Kruth J P, et al. Heat treatment of Ti6AI4V produced
by Selective Laser Melting: Microstructure and mechanical properties[J].
Journal of Alloys and Compounds, 2012, 541: 177~185

Amato K N, Gaytan S M, Murr L E, et al. Microstructures and mechanical
behavior of Inconel 718 fabricated by selective laser melting[J]. Acta
Materialia, 2012, 60(5): 2229~2239
http://www.ge.com/about-us/openinnovation

Larry Greenemeier (November 9, 2012). “NASA Plans for 3-D Printing
Rocket Engine Parts Could Boost Larger Manufacturing Trend” .
Scientific American. Retrieved November 13, 2012

Wadley H N G, Fleck N A, et al. Fabrication and structural performance
of peridic cellular metal sandwich structure[J]. Composites Science and
Technology, 2003, 63: 2331~2343

Murr L E, Gaytan S M, Medina F, et al. Next-generation biomedical
implants using additive manufacturing of complex, cellular and functional
mesh arrays[J]. Philosophical Transactions of the Royal Society A:
Mathematical, Physical and Engineering Sciences, 2010, 368(1917):
1999~2032

Chu C, Graf G, Rosen D W. Design for additive manufacturing of cellular
structures[J]. Computer-Aided Design and Applications, 2008, 5(5): 686~
696

Rehme O, Emmelmann C. Rapid manufacturing of lattice structures with
selective laser melting[C]//Lasers and Applications in Science and
Engineering. International Society for Optics and Photonics, 2006 :
61070K-61070K-12

Cooper D E, Blundell N, Maggs S, et al. Additive layer manufacture of
Inconel 625 metal matrix composites, reinforcement material evaluation[J].
Journal of Materials Processing Technology, 2013, 213(12): 2191~2200
Gu D, Hagedorn Y C, Meiners W, et al. Selective Laser Melting of in-situ
TiC/Ti 5Si3 composites with novel reinforcement architecture and
elevated performance[J]. Surface and Coatings Technology, 2011,

205(10): 3285~3292



