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Table 1 Chemical composition of GH3044 (mass
fraction, % )

C Mo Cr Al w Ti Ni

<0.10 <1.50 23.5-26.5 <0.5 13.0-16.0 <0.03 Bal.

1 iR5H GH3044 HUAF2H 41
Fig.1 Microstruction of GH3044 base metal
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Table 2 Welding process parameters

No. Laser power/kW Welding speed/(m-min”")

1 3 3
3 3 5
4 33 6
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Fig. 2 Joint morphologies under different process parameters: (a), (b) P=3 kW, Ts=5 m/min; (c), (d) P=3 kW, Ts=5 m/min; (e), (f)
P=3 kW, Ts=5 m/min; (a), (c), (¢) Cross section; (b), (d), (f) Weld upper surface
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Fig. 3 Schematic evolution of joint morphology: (a) Energy distribution of gauss laser; (b) Joint forming principle; (c) Joint
morphological evolution
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Fig. 4 Microstructure of welded joint of GH3044 superalloy with parameters of P=3 kW and 7s=5 m/min: (a), (c) Upper part of
weld; (b), (e) Middle part of weld; (c), (f) Bottom part of weld; (g) Fusion line area; (h), (i) Dendrite morphology of SEM
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Fig. 5 Microstructures of laser welded GH3044 superalloy
welds at different heat input: (a) P=3 kW, Ts=3 m/min; (b) P=3
kW, Ts=5 m/min; (c) P=3.3 kW, Ts=6 m/min
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Fig. 6 Equilibrium solidification path of GH3044 alloy
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Fig. 7 EDS line scanning analysis result of fusion line area of
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Fig. 8 EDS line scanning analysis result of dendrites area of
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Fig.9 Precipitates in interdendritic area

K 10 fiin i GH3044 & 484520 411 XRD 1%,
AT LUE BTG H LU B IRAA y ALY, IR Ak
SRR R, (100 &b R AP AT TR 1)
TERT AT AT _EAT3R1S (111)y. (300)y F1(330)y =
A e THAH R AT . & &1 WL Cr e R R 7



2955 111

EBet, 55: GH3044 5RO S A IR 5 5 1k 2555

~

°
¢y -(Ni,W,CI') (20
o y-Ni ¢
* M,C
m MG

(111)

20/(°)
°
" " M

I 1 1 1 I 1 1

20 30 40 50 60 70 80
20/(°)

E 10 GH3044 &40 80 XRD i
Fig. 10 Longitudinal line XRD spectrum of GH3044 alloy
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Fig. 11 Hardness distribution of GH3044 laser welded joints

at different welding parameters
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Fig. 12 Stress—strain curves of GH3044 laser welded joints at

different welding parameters
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Fig. 13 Fracture location and fracture morphology of welded joint at P=3 kW, Ts=5 m/min: (a) Positive; (b) Back; (c) Fracture

morphology; (d) Fractionated gain area of fracture
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Fig. 14 Tensile deformation of welded
joint at P=3 kW, Ts=5 m/min: (a) &=0;
(b) e=35%; (c) Weld profile before and

after stretching
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Fig. 15 Deformation and strain at different positions of weld
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Fig. 16 Microstructure and stress analysis of weld section
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Microstructure and deformation uniformity of
GH3044 alloy joints by laser beam welding

WANG Xiao-guang, LIU Fen-cheng, ZHOU Bao-sheng

(School of Aeronautical Manufacturing Engineering, Nanchang Hangkong University, Nanchang 330063, China)

Abstract: GH3044 superalloy was welded by the fiber laser. The weld morphology, microstructure, mechanical
properties and the solidification process were investigated. The results show that with the increase of heat input, the area
of the cross section of the weld increases gradually. It can also be seen that the upper and lower welds are larger columnar
crystals. The columnar crystal size is smaller in the middle of the weld, and the area near the fusion line is fine dendrite.
Furthermore there are equiaxed grains in the center of the weld when the heat input is reduced. It is also found that the
microstructure constitution of the weld is mainly y phase, eutectic (y+M¢C) phase. EDS analysis shows that the
microsegregation of the alloy elements is weak. The microstructure of the heat affected zone near the fusion line is small,
but the hardness of the weld and heat affected zone is higher than that of the parent material and the joint. With the
decrease of heat input, the hardness and tensile strength of the welded joint increase gradually, the tensile strength is 865
MPa, and the elongation is 43%.

Key words: GH3044 superalloy; laser welding; solidification process; microstructure; mechanical properties
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