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Finite Element Analysis of Residual Stress and Deformation in Plasma Surfacing
High-Strength Alloy Powder on Exhaust Valve
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Abstract; Aiming at the welding defects that stress concentration easily occurs in the welding process of large marine
exhaust valves, the ABAQUS finite element software was used to numerically simulate the stress and deformation of the
exhaust valve in surfacing high-strength alloy powder. In order to take into account the nonlinear changes in the material, the
melting point was used to define different states of the material, and write it together with the material parameters into the
UMATHT subroutine. The results show that the calculated residual stress values based on the UMATHT subroutine have a
better fitting degree with the experimental results, and the residual stress is strongly influenced by the material itself, and the
stresses of the thickness direction and the axial direction are roughly symmetric with the center of the weld. The overall

deformation of the weld is larger than that of the base material, but the deformation is small, which is mainly located at the

middle part of the weld.
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Fig.1 Size and morphology of the weldment

RSP ARE T 0L, Har 5 PR AT ol — B 24
SR RO, A 2,

R EAF 15 %0 . 58642

LG ¥ . 53528

2y
G
w

Ja
’ 2 BEARTRE
Fig.2 Finite element model for the welding
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Fig.3 Double-ellipsoidal heat source model
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Fig.5 Cloud map of welding residual stress (MPa)
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Fig.8 Comparison of displacement between base metal and weld
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Fig.9 Comparison diagram between simulation result
and experiment result of residual stress
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Fig.14 Cross-section morphology of single-layer two-pass lap
welds under different lap spacings
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