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Abstract: Addressing the challenge of implementing post-weld heat treatment (PWHT) during on-site repair of critical low-
alloy steel components, this study focuses on the temper bead welding (TBW) technique. Using A217 WC6 low-alloy steel
as the research object, a finite element method based on a double ellipsoid heat source model was employed to simulate and
analyze the influence of key process parameters (heat input, weld bead overlap, and interlayer grinding amount) on the distri-
bution patterns of the welding temperature field. Simulation results indicate: weld bead overlap primarily affects the horizon-
tal coverage position of the temperature field, while the interlayer grinding amount influences its coverage position in the
thickness direction; neither alters the inherent heat distribution pattern of the weld bead itself. When using welding rods of
@2.5 mm and @3.2 mm diameters, with the bead overlap controlled between 40% and 60% and the interlayer grinding
amount maintained between 1/3 and 1/2 of the layer thickness, the tempering temperature range (500 °C to AC1) formed by
subsequent weld beads effectively covers the coarse-grained heat-affected zone (CGHAZ, 1100 °C to 1505 °C) of the preced-
ing beads, achieving optimal tempering effects. Based on the process parameters optimized through simulation, the prepared

A217 WC6 steel welded joint met the requirements of the process qualification standard and was successfully applied to re-
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pair a valve body in a power plant, with satisfactory results.
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Table 1 Welding process of different specifications of welding rods
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Fig. 1 Schematic diagram of double ellipsoid heat source model
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Fig.2 Finite element model validation for single-pass welding with

different welding rod specifications
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Table 2 Calculation parameters for single-pass welding finite element

model with different welding rod specifications

T H %25 1k @3.2
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S b/mm 9 10
IR c/mm 1.5 2.1
AT H /mm 1.9 2.7
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Fig.3 Trend of heat input versus penetration depth and bead width

for different welding rod specifications
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Fig. 4 Temperature field for different lap values with @2. 5 mm weld-
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Fig. 6 Temperature field for different grinding amounts
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Table 3 Chemical Composition of R307 Welding Rod (wt. %)

C Si Mn P S Cr Mo
0.67 0.37 0.70 0.011 0.015 1.14 0.51
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Fig.7 Schematic diagram of the temper bead welding evaluation
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Table 4 Properties of A217 WC6 steel welded joint
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Fig. 10 Photos of the valve body before and after on-site repair
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