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Fig.1 Landing gear parts by laser / electron beam additive manufacturing
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Table 1 Main chemical composition and allowable deviation of A—100 and TC-18 by laser / electron beam additive manufacturing

*1
kgt

% C

A-100 FAE S EL % 0.21~0.25
RV /% +0.01

5 Al

TC-18 AL 1% 4.4~5.7
eV 2
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R
Ni Co Cr
11.0~12.0 13.0~14.0 2.9~33
+0.10 +0.05 +0.05
Mo \Y Cr
4.0~5.5 4.0~5.5 0.5~1.5

% GB/T 3620.2 [ E

Mo Mn Si
1.1~1.3 < 0.10 < 0.10
+0.05 — =

Fe € Si
0.5~1.5 < 0.10 < 0.15
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Table 2 Heat treatment process and parameters of laser/electron beam additive manufacturing
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WO

R RIR C: 850~900°C, 0.5~2h, ¥4 2 700~800°C , Hi I X

TCI8

HhiiE K : 700~800°C , 1~3h, Z5 ¥
IR K : 500~680°C ,2~8h, 25 ¥4

PEEFTE . 1150~1350°C, 135~150MPa, 3~5h JHi8;
1Ek: (1900 £ 10) C, AR = 60min, 2513 ;

A-100

FERE (680 +10) °C,ffE = 16h,55%;

VK (885°C /60min, ¥ ) + B ALFH( —73°C /60min,
ZEA R + IR E K (482°C /5~8h, 2514 )

R3 EMHIEM R EEEREEIRER

GO R )

iR K :700~900°C , il 1~2h, 5518 ;
650~850°C , {41 1~2h,%5¥%;
500~750°C , ik 2~4h, 75 ¥ ;
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Ek:(890+10) C, = 60min, 55 ;
R mk (650 £ 10) L4 = 8h,Z5¥

Table 3 Main performance data requirements of additive manufacturing materials
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Table 4 Main mechanical properties of laser/electron beam additive manufacturing materials
J#5 il =X F,/MPa F,/MPa F,/MPa F,/MPa
Bt 1097.9 1028.8 — —
TCI18 ot 1040.6 1004.1 1064.3 674.3
T 1044.8 1002.7 1066.9 706.3
Bt 1999.4 1968.2 1937.4 1254.8
A-100 Holt 1958.2 1715.9 1909.9 1202.3
IR 1853.4 1660.9 1803.7 11473
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Effects of Hot Isostatic Pressing on Stress Rupture Properties of GH4169
Alloy Manufactured by Selective Laser Melting

SHI Lei', LEI Liming', WANG Wei', FU Xin', ZHANG Guangping’
(1. AECC Shanghai Commercial Aircraft Engine Manufacturing Co., Ltd., Shanghai 201306, China;
2. Shenyang National Laboratory for Materials Science, Institute of Metal Research, Chinese Academy of Sciences,
Shenyang 110016, China)

[ABSTRACT] GH4169 alloy samples were manufactured by selective laser melting (SLM). The microstructure evolution
and stress rupture properties of samples during hot isostatic pressing (HIP) and heat treatment (HT) process were analyzed
by OM, SEM, EBSD and TEM. The results show that most of grains of the as-built samples are elongated in the building
direction, exhibiting a very fine cellular-dendritic structure with fine Laves phase precipitating in the interdendritic region.
Most of porosities and Laves precipitates disappear after HIP, and the microstructure parallel to the building direction is
transformed into equiaxed grains. Besides, the HIP treatment can significantly lower the precipitation of needle-like & phase
in the grain during the subsequent solution treatment at 980°C for 1 hour. The HIP treatment can improve the stress rupture
lifetime, but decrease the elongation slightly.

Keywords: Selective laser melting; GH4169; Hot isostatic pressing; Microstructure evolution; Stress rupture
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Application of Laser/Electron Beam Additive Manufacturing for Civil Aircraft
Landing Gear

LUO Linyin', JIANG Wu', HAO Xiaoning', LIU Dong’, FENG Kangtun’, YANG Fan*
(1. AVIC Gengeral Aircraft Research Institute Co., Ltd., Zhuhai 519040, China;
2. Material College, Beihang University, Beijing 100191, China;
3. AVIC Aircraft Landing Gear Co., Ltd., Changsha 410200, China;
4. AVIC Manufacturing Technology Institute, Beijing 100024, China)

[ABSTRACT] Additive manufacturing is one of the development directions of advanced manufacturing technology.
The application of civil aircraft additive manufacturing technology depends on the maturity of additive manufacturing
technology, airworthiness verification technology and the perfection of material standard system. In this paper, A—100 and
TC18 materials used in the typical structure of landing gear of civil aircraft are studied in the application of laser / electron
beam additive manufacturing technology, and a material and process certification, mechanical property characterization,
internal quality control and nondestructive testing evaluation system meeting the airworthiness requirements is established.
Keywords: Additive manufacturing (AM); Civil aircraft landing gear; Material airworthiness; Quality control;
Non-destructive testing (NDT)
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