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Abstract: To address the difficulty in dynamically monitoring the internal temperature field within the molten pool of
GH3536 and GH4163 nickel-based superalloys during arc welding repairs, a simulation model was constructed using
ANSYS Fluent software. The experimental scenarios from actual repair motion were reproduced by customized func-
tions to yield simulation data on dynamic evolution of flow and temperature fields within the molten pool, and mechani-
cal performance tests were carried out and analyzed. The results reveal that both alloys are featured by " high-front,
low-rear " feature in the repair zones. In the initial welding stage, significant fluctuations occur in the molten pool sur-
face, while the temperature-time curve in the bottom region dominated by heat conduction becomes smooth as penetra-
tion depth rises. The size of molten pool in GH4163 alloy is larger with higher heating rate under identical repair condi-
tions due to the differences in thermophysical properties such as viscosity and thermal conductivity, while the peak tem-
perature is lower than that of GH3536 alloy. With welding speed increasing, the heating stage of the molten pool is
shortened and the peak temperature is decreased, indicating moderate welding speed to ensure the uniformity of thick-

ness and morphology of cladding layer, thereby guaranteeing the service performance of repaired component.
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Tab.1 Chemical compositions of GH3536 welding wire and GH4163 substrate %
w
Cr Al Co Cu Fe Mn Mo Si i W B C Ni
GH3536 20.60 — 2.11 — 18.90 0.49 8.41 0.13 — 0.42 0.004 7 0.075 s
GH4163 20.12 0.45 19.87 0.005 0.21 0.17 5.95 0.10 2.13 — 0.001 0 0.062 s
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Tab.2 Density, specific heat capacity, and thermal conductivity of GH3536 welding wire and GH4163 substrate at different temperatures

B/ (grem ) K/ 0-g K HEE/ (Wem K
R 600K  1000K 1200K 1600K 600K 1000K 1200K 1600K 600K 1000K  1200K  1600K
GH3536 8.28 8.11 8.01 7.78 0.47 0.58 1.40 16.19 22.71 26.04 31.74
GH4163 8.26 8.10 7.99 7.77 0.48 0.58 2.88 16.41 23.33 27.06 32.49
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Tab.3 Liquid phase viscosity, latent heat of fusion, and liquidus-

solidus temperatures of welding wire and substrate

o WA BB/ ‘J@%‘Fﬁj?ﬁ@/ [ +H 28 iR T £ 1
(mPa-s) J-gh /K /K

GH3536 8.48 230.04 1659.17 1692.71

GH4163 7.11 263.27 1590.55 1657.22
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Fig.2 Temperature field and surface morphologies of molten pool in GH3536 alloy at welding speed of 8 mm/s
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