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Development of Welding Methods for Dissimilar Joint of Alloy 690 and Stainless Steel for PWR Components
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In this study, hot crack susceptibility of several kinds of Alloy 690 weld materials was evaluated by Varestraint and hot
ductility testing. The susceptibilities of the Solidification Cracking ( SC ), the Liquation Cracking ( LC ), and the Ductility Dip
Cracking ( DDC ) of each filler material were independently evaluated by spot-Varestraint and transverse-Varestraint testing,
and the susceptibilities of their DDC were compared through hot ductility testing. As some filler materials had low crack
susceptibilities, we applied these filler materials to an Alloy 690 and stainless steel dissimilar pipe joint, which would be
applied to the safe-end joint of a PWR reactor vessel. Proper welding conditions for all-position welding were selected from
the viewpoints of weldability and process stability. Welding conditions can be organized using the power ratio equation, and the

soundness of the practical joints and their properties were confirmed.
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Fig. 1 Main equipment of PWR nuclear power plant
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Fig. 2 Schematic illustration of Varestraint test (unit : mm )
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Table 2 Varestraint test condition
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Table 1 Chemical compositions of filler materials used ( wt% )
} (LR (wt% )
HEEARS
C Si Mn P S Cr Ni Mo Cu Co Nb+Ta Al Ti Fe
ERNiCrFe-7 <0.04 <0.50 <1.0 <0.02 <0.015 | 28 ~ 315 % <0.50 <0.30 - <0.10 <110 <1.0 7.0 ~ 11.0
ERNiCrFe-7A | <0.04 <0.50 <1.0 <0.02 <0.015 28 ~ 315 J33 <0.50 <0.30 <0.12 05~10 | <110 <1.0 7.0~ 11.0
FM52M 0.02 0.09 0.8 0.003 0.001 30.06 59.54 0.01 0.02 0.027 0.83 0.11 0.224 8.22
Filler-A 0.01 0.11 0.16 0.005 <0.001 29.6 34 0.01 <0.01 - 0.05 0.21 0.39 9.9
Filler-B 0.01 0.12 0.16 0.005 0.001 29.9 Vi 0.5 0.01 0.01 0.05 0.21 0.3 8.8
Filler-C 0.022 0.2 0.49 0.001 3 0.000 3 29.7 58.6 0.001 0.001 0.002 0.001 0.006 0.52 8.7
Filler-D 0.025 0.2 0.51 <0.002 <0.001 29.6 59.5 <0.01 <0.01 <0.002 0.74 0.01 0.66 8.38
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Table 3 Hot ductility test condition
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Fig. 3 Example of hot crack in Varestraint test
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Fig. 4 Results of Varestraint test
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Fig. 5 Results of hot ductility test
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Fig. 7 Fracture surface of DDC in dissimilar joint test
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Fig. 11 Macrostructures of cross section for dissimilar joint welding

(b) 180° fIi&E

70

4k MRS R (R )

Table 4 Results of side bend test for dissimilar joint welding
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Fig. 12 Results of side bend test for dissimilar joint welding
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