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Fig.1  Schematic diagrams of base metal with different orientation 

differences: (a) 0°, (b) 45°, and (c) 90° 
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Table 1  Chemical composition of GH4169 alloy fabricated by laser additive manufacturing (ω/%) 

Ni Cr Nb Mo Ti Al Si Mn C S P B Fe 

51.75 19.68 4.91 3.18 0.97 0.63 0.23 0.11 0.034 0.001 0.004 <0.006 Bal. 
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Table 2  Processing parameters of vacuum electron beam 

welding 

Parameter Value 

Working distance, H/mm 275 

Accelerating voltage, U/kV 60 

Welding speed/mm·min

-1

 900 

Focusing current, I

f

/mA 502 

Electron beam current, I

b

/mA 35 
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Fig. 2  Dimension of plate tensile specimen 
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Fig.3  OM microstructures of as-deposited LSF GH4169 superalloy: (a) a section vertical to the laser scanning direction; (b) a section 

parallel to the laser scanning direction; (c) a section vertical to the deposition direction, as shown in the sketch program (d) (D

s

 is 

the laser scanning direction, and D

d

 is the deposition direction) 
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Fig.4  Macro metallographs of the sections of electron beam welded joint for GH4169 alloy fabricated by laser additive manufacturing 

with different crystal orientation differences: (a) 0°, (b) 45° (the dotted arrow on the left side of the figure indicates that the D

d

 

direction points into the paper surface with 45°), and (c) 90° 
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Fig.5  Microstructures of the upper part of electron beam welded joint for GH4169 alloy fabricated by laser additive manufacturing with 

different orientation differences: (a) 0°, (b) 45°, and (c) 90° 
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Fig.6  Microstructures of the middle part of electron beam welded joint for GH4169 alloy fabricated by laser additive manufacturing with 

different orientation differences: (a) 0°, (b) 45°, and (c) 90° 
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Fig.7  Microstructures of the lower part of electron beam welded joint for GH4169 alloy fabricated by laser additive manufacturing with 

different orientation differences: (a) 0°, (b) 45°, and (c) 90° 
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Fig.8  SEM microstructures of electron beam welded joint of GH4169 alloy fabricated by laser additive manufacturing with different 

orientation differences: (a) 0°, (b) 45°, and (c) 90° 
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Fig.9  Morphology of carbides and Laves phase (a); EDS analysis results of carbide (b) and laves phase (c) of electron beam welded joint 

of GH4169 alloy fabricated by laser additive manufacturing 
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Fig.10  EBSD analysis of crystal orientation in electron beam welded joint of GH4169 alloy fabricated by laser additive manufacturing 

with orientation differences of 0° (a), 45° (b), 90° (c); (d) statistics of large angle grain boundary content in the weld; (e) color 

standard IPF diagram of sample in Z
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Fig.11  EBSD analysis of crystal orientation at the fusion line of electron beam welded joint for GH4169 alloy fabricated by laser additive 

manufacturing with orientation differences of 0° (a), 45° (b), 90° (c); (d) statistics of large angle grain boundary content; (e) color 

standard IPF diagram of sample in Z
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Table 3  Tensile properties of electron beam welded joint of 

GH4169 alloy fabricated by laser additive manufac- 

turing with different orientation differences 
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3456-578� 

Fig.12  Stress-strain curves of electron beam welded joint of 

GH4169 alloy fabricated by laser additive manufacturing 

with different orientation differences 
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Fig.13  Microhardness variations of electron beam welded joint 

of GH4169 alloy fabricated by laser additive manufac- 

turing with different orientation differences 
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Fig.14  OM microstructures during tensile deformation near the fusion line in electron beam welded joint of GH4169 alloy fabricated by 

laser additive manufacturing with different orientation differences: (a) 0°~0° side, (b) 0°~45° side, and (c) 0°~90° side 
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Fig.15  Diagram of relationship between crystal orientation and 

plastic deformation

[24]
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Fig.16  Fracture section microstructures of welded joint with different orientation differences of base metal on both sides of the weld: 

(a) 0°, (b) 45°, and (c) 90° 
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Fig. 17  Fracture morphologies of welded joint with different orientation differences of base metal on both sides of the weld: 

(a) 0°, (b) 45°, and (c) 90° 
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Abstract: Electron beam welding experiments of laser additive manufactured GH4169 alloy with different crystal orientation differences 

(0°, 45°, and 90°) were conducted, and the microstructure and mechanical properties of the weld metal under different crystal orientations 

of the parent metals on both sides were analyzed. The results show that the dendrites of weld structure have obvious preferential orientation, 

and the weld structure continuously grows based on the base metal crystal. With the increase of the crystal orientation difference (0°, 45°, 

and 90°), the content of the large-angle grain boundary in the central area of the weld and the fusion line area of the weld increases first and 

then decreases. The tensile test results show that the tensile strength of the welded joint decreases as the crystal orientation difference 

increases, which are 721.8, 720.7 and 702 MPa respectively, and they are all lower than that of the base metal (737.2 MPa). The HV 

hardness values of the weld areas with different orientation differences (0°, 45° and 90°) fluctuate slightly at 2650 MPa. The plastic 

deformation of the weld metal is affected by the crystal orientation of each region of the weld. It has the same distribution trend as the 

large-angle grain boundary content. The more the soft-oriented crystal content in the structure, the greater the metal structure deformation. 

The greater the degree of bending of the central line and the fusion line of the weld metal, the stronger the plasticity of the welded joint. 
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