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Abstract: The present paper mainly introduced the research progress of selective laser melting (SLM)—ed
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Fig.1 Microstructure of TC4 alloy
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Fig. 4 Tensile properties of SLMed nickel-based

superalloys'”
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Fig. 6 Microstructures and EDS images
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Fig. 13 Application of SLM technology in aerospace engine field™

Injector MOV
* Decreased cost by 30%
* Reduced part count: 252 to 6

« Eliminated critical
braze joints

* Unique design
features

FTP

* Schedule reduced by 45%
» Reduced part count: F !
40t0 22 SN
= Successful tests in both
methane and hydrogen

* Mass: 90% AM

MCC
» Methane test successful

« Electron beam free form
« Schedule reduction>50%
+ SLM with GRCop
« Fabrication nickel
alloy structural jacket
and manifoids

ccv
(Hidden)
part count 1 vs. 5

Fig. 14 NASA's Additive Manufacturing Demonstrator (AMDE) designed through additive manufacturing technology

part count 1 vs. 6

Thrust structure
MFV (Hidden)
part count 1 vs .5

Mixer (Hidden)
part count 2 vs .8

OTP
part count 41 vs .80

OTBV
part count 1 vs .5

Turbine
discharge duct

e <30 welds vs 100+ traditionally

e Compressed development
cycle 3 years vs.7

e Reduced part counts

e Invested $10M, 25FTE over 3
years

Regen
nozzle

* Estimated production & test
cost for hardware shown $3M
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Table 1 Comparison of the number of key components in
the additive manufacturing design scheme in AMDE and the

traditional process design scheme

AR FR SN P R ST  L  a aa

F AL R (MOV) 1 6

55 7 % (Tnjector) 6 252

TR MREHAFE I (FTP) 22 40
IRBE = MR A Iz (CCV) 1 5
FHRHE (MFV) 1 5

R A 7% (Mixer) 2 8
FURFE T Y (OTBV) 1 5

2013 4, NASA 5y B R i K R AT ot (MSFC) £ § T
JE AR B A #E 2F (Low Cost Upper Stage Propulsion,
LCUSP) £ AR I H WEIE, IF & 1 39 b il 38 & T 00 S 34
PEGF v TR R R AR S OOR S B A BT e Ak
GRCop-84 4% 4 fiil (Cu—8at.% Cr—4at.%Nb) , K & % H
SLM 4 AR WE & s ILEF . K 15(a) ~(d) i SLM AL
JE& GRCop—84 #% 98 #il A1 C18150 4% &% 4 #fE 1 % 5 &
(T AR [E + I R Ak ) 2 4 BRI AT T
2365s 1 1443s 19 % 805, Bk KRR &L, 181 15(e)
R IR K S AL T (REL) SR F SLM 2 A il & 14 il
K B HL (Sabre) 4 LA RY f) W5 45, A S8R AIG T il 2%
MEE L A RIS 1 AE 2015 4F Y A5 G Ee P, Rl
SIS BRIV SLM 3K W T HEXAFLY i
B, dil & 7 — R 508 BT ] AT a8 40 L s AR A
AR T L AME S A A AR AT
KB EAT T SRS IE R A5 oE B A AR

il 25 JE 3 45 22 3048 A AT PR AR 22 05 kL % R 1R
IR B e A% 2w R R I 5 19 R SR . 2020
4E 25 [F M K 3R 2 7] Launcher 5% JH] EOS 24 & JF &
() M4K %1 SLM % 45 (450mm*450mmx1000mm ) 5¢ i,
T E-2 K RSB A RS 55 24 G 4 R b = i IF i
R BE EE S Im, 2 E S Ik R F iR R —
B R Be 2= (B 15(£) ~(h) ) o BRERHE = R I SLM
BRI 1A E-2 KH & S AL I A R R
HA K SLM H2 AR il 1 . 2 20204 7 H %A T
SR FH SLM 2 A il 1 1 i3 56 22 € 58 B 70 22 B IE
AN, SLM BB £ R 19 )2 2 & I, HE FLUSE 19 R
I A0 e A5 A A bt s e LA R R A . B
TE 2015 48 S Aii 1 e BAT 7 g (HSSW) 30T H (19 R
BT H AR IR A 4, 2 4 b o 18 K 5 B R T SLM
AR AT A 1 LA B R B0 e D R B
IR 3 A B 5 e B OR B B ) SF R . WO T R
Jai (ESA) 8 J3 3l 1 I ik 6 BF £ R 30 3iE L 3T H (Ex-
pander—cycle
ETID) , JF J& K i & sl ML HE J) 35 38 b il 1 42 R i i
9%, TEETID 3 H B % BT, R A SLM £ AR WHf 7 A
A Ve HIE A AR A A ) E N BE R FH R BEIR R
6 2 TH ) A% T R A ) s A RE e JE T 2020
51 26 H WZHE ) % HE AT T RREE 30s (19 B 43K
5. GEfizsis H SLM 47 ARy ok i il 1 A8 34, 43 il %
TEf 7 TR T S v RE 2 | BRSS9 S R B HIL
PR BT A R T S Tk ) 20 SRR R T 1

Technology Integrated Demonstrator,

(d)

Fig. 15 Application of SLM technology in rapid development of aero-engin
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Fig. 16 GE Aviation's part formed using an additive manufacturing proces
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Fig. 18 Application of SLM in engine manufacturing
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Fig. 17 Application of SLM in the field of complex functional components
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Fig. 19 Integrated structure of thrust chamber aero-engine
manufactured by SLM™"
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