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Table 1 Chemical composition of DD407 superalloy (w/%)

Element Cr Al Mo Ti Co

Ta C Si Fe Zr Ni

Content 7.88 5.94 2.24 2.00 55 5.03

3.63 0.002 0.034 0.025 0.021 Bal.
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Table 2 Welding process parameters of DD407 superalloy
F/Hz V/mm s U/kV I/mA I/mA
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Fig.1 DSC curve of DD407 superalloy
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Fig.2 Morphologies and distributions of cracks with the thermal
effect of electron beam: (a) surface longitudinal cracks
in the melted zone, (b) surface transverse cracks in the
melted zone, (c) surface crater cracks in the melted zone,

and (d) intergranular cracks
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Fig.3 Effect of the electron beam current on the cracks: (a) Iy=

1 mA, (b) 1,=3 mA, and (c) 1,=5 mA
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Fig.4 Cross-sectional area in fused region under the thermal
effect of electron beam (V,=110 kV, V=20 mm/s, 1,=5

mA, 1i=1850 mA): (a) microstructure infused region

and (b) microstructure partition schematic
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Fig.5 Segregation ratio of single crystal alloy elements in

different crystal orientations
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Table 3 EDS element contents of crack and the parent
material contents in Fig.2d (w/%)

Element Cr Ni w Al Co
Crack 10.71 6593 841 9.27 5.69
Parent materials 7.88 67.78 5.03 5.94 5.5
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Influence of Electron Beam Thermal Effect on Cracks Formation
in Fused Region of Single Crystal Superalloys DD407
Huang Yongde'?, Zeng Zhigiang®, Cai Zupeng®, Chen Yuhua', He Peng?
(1. Nanchang Hongkong University, Nanchang 330063, China)
(2. State Key Laboratory of advanced welding and connection, Harbin Institute of Technology, Harbin 150001, China)

Abstract: Nickle base single crystal superalloys DD407 were welded by electron beam welding. The morphology and distribution of
cracks were analyzed by optical microscopy and scanning electron microscopy. The chemical composition between dendrite arm and
interdendritic area was measured by EDS. The segregation ratio of elements was calculated and the cause of cracks formation was analyzed.
The results show that longitudinal cracks, transverse cracks, crater cracks and intergranular cracks are mainly produced in a fused region of
DD407 with the thermal effect of the electron beam. With the increasing of electron beam current, the content of solidification cracks
increases firstly and then decreases when other parameters remain unchanged. Low melting point eutectics gather and form a low-melting
liquid film due to the serious segregation of alloying elements in miscellaneous grain zone. Therefore, the solidification cracks are often
formed in miscellaneous grain zone with the solidification shrinkage tensile stress.
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