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Experimental study on laser deposition repair GH4169

alloy component
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Abstract: Researches on the laser deposition repair of GH4169 nickel-based superalloy with defects of
through-groove damage were conducted. The reasons of occurring defects such as gas porosities and ill
bonding in the repaired zone were analyzed. And flawless samples were obtained through optimizing laser
process parameters. The microstructure characteristic and mechanical properties of laser deposition repair
component were investigated, and the local heat treatment of the laser deposition repair component was
done. The results indicate that there is a dense metallurgical bond between the repaired zone and the
substrate with the optimized process parameters. The tensile strength of laser deposition repair component
can be significantly improved with the local heat treatment.
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Tab.1 Chemical composition of GH4169 and
Inconel718 powders (Unit:wt %)

Elements C Mo Ni Fe Cr Al Ti Nb

GH4169 0.046 2.92 51.96 Base 18.16 0.48 1.04 5.02

Inconel718 0.03 3.17 53 Base 19.2 0.54 0.65 5.16

]/‘\a

4

INCY-MWIS i Er LR =

Fig.1 Schematic diagram of defects through-groove damage
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Fig.2 Defects in the laser deposition repair sample
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Fig.3 Micrograph of the deposited layer after the optimized

process parameters
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Fig.4 Micrograph of the interface layer
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Fig.5 Workpiece clamping state before repair
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Fig.6 Laser deposition repair tensile sample
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Tab.2 Tensile properties of repaired samples

(deposition) at room temperature

Type Sample Rm/MPa A
1 783 5.5%
Deposition 2 888 8.0%
3 760 4.5%
Cast - 825 5.0%
Substrate - 1400 10%
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Fig.7 SEM micrograph of deposition
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Fig.8 Thermal imager testing images on local heat treatment
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Tab.3 Tensile properties of repaired samples (local

heat treatment) at room temperature

Type Sample Rm/MPa A
4 1149 4.6%
Local heat
ocal fied 5 1178 5.5%
treatment
6 1162 4.2%
Cast - 825 5.0%
Substrate - 1400 10%
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Fig.9 SEM micrograph of local heat treatment

3 4 it

GH4169 & & WOt UIRE R X 534k (87 -+t
iMﬁ%Z@%m&wmr %%y%%ﬁaﬁém

L B E X Ry LT ) S E A K IR A TR 4L 20, A
mzﬁﬁ?%Wﬁtmﬁﬁmﬁmfﬁmﬁﬁﬁz
RS, JEA XS T S T A 2B
U I,

B AR P R B AL 2 ) EGE ] A A AN
KRB, i s A AL T 2 500 5
T U/INEE B

DU B E TR PUR5E B K W5 4iE A 2R 1k 5]
A (bR B A 3 K B F ' F oy AR AR A
SEMTH, PARTEBOGTURUE & o B A7 7 SO0
Br, BT H AR Laves [ AH 5 it A 55 3 44 (18 75 + i 3550
AbFR)FH LA — s 250

23 Ry A RS  DURUZ M Ty R R
TR B TR POR 3 B 2 R, Rt T 8%
4 b T TR 3 ) 7K S 5 (ARG T 6 AR ([T 35 + B 35 Ak L)
SR IR DR A Y R AL BRI Laves g
HH5E 41 i

SE

[1] Li Yajiang, Xia Chunzhi, Shi Lei. Resent situation about
welding research of nickel-base high-temperature alloy at
home[J]. Modern Welding Technology, 2010(7): J—1-J—4.

(in Chinese)

[3]

[4]

[5]

[6]

[7]

(3]

[9]

[10]

[11]

[12]

[13]

0206006—-6

laser forming repair technology on the aerial castings [J].
Foundry Technology, 2008, 29(3): 391-393. (in Chinese)
Gandy D W, Frederick G J, Peterson A J, et al

Development of a laser-based/high strength weld filler
process to extend repair limits on IN —-738 gas turbine
blades [C]//Fourth International EPRI Conference, 2000:
7-9.

et al.

Sexton L, Lavin S, Byre G, Laser cladding of

aerospace materials [J]. Journal of Materials Processing
Technology, 2002(122): 63—-68.

Sun Hongqing, Zhong Minlin, Liu Wenjin, et al. Cracking
sensitivity on laser cladding Inconel738 on directionally
solidified Ni—base superalloy [J]. Journal of Aeronautical
Materials, 2005, 25(2): 26-31. (in Chinese)

Luo Genxiang, Wu Guoqing, Huang Zheng, et al.

Microstructures of Ni —Cr —Ti—Al laser cladding on K418

superalloy [J]. Chinese Journal of Lasers, 2007, 34 (2):
283-287. (in Chinese)

Liu Fencheng, Lin Xin, Yang Gaolin, et al. Microstructures
and mechanical properties of laser solid formed nickle base
superalloy Inconel718 prepared in different atmospheres [J].
Acta Metallurgica Sinica, 2010, 46(9): 1047—1054. (in Chinese)
Huang Weidong. Laser Solid Forming[M]. Xi’an: Northwest
Industrial University Press, 2007: 126—136. (in Chinese)

Xi Mingzhe, Gao Shiyou. Research on tensile properties of
Inconel718 superalloy fabricated by laser rapid forming
process[J]. Chinese Journal of Lasers, 2012, 39(3): 1-6.
(in Chinese)
Zhao Weiwei, Lin Xin, Liu Fencheng, et al. Effect of hert
treatment on microstructure and mechanical prooerties of
laser solid forming Inconel718 superalloy [J]. Chinese
Journal of Lasers, 2009, 36(12): 3221-3225. (in Chinese)
Bian Hongyou, Han Shuanglong, Li Ying, et al. Effects of
different induction heating parameters on the substrate
temperature field during laser deposition repair [J]. Laser &
Optoelectronics Progress, 2014, 51: 111403. (in Chinese)
Li Zhenrong, Tian Sugui, Zhao Zhonggang, et al. Effects of
of HCR -GH4169

hert treatment on creep properties

superalloy [J]. Transactions of Materials and Heat
Treatment, 2011, 32(12): 7—12. (in Chinese)
Qu Fengsheng, Zhang Kaifeng, Lu Hongjun. LBW/SPF

complex forming for multi-sheet structure of GH4169
superalloy [J]. Journal of Aeronautical Materials, 2009, 29

(4): 27-32. (in Chinese)





