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Residual Stress Redistribution on Welds of Nuclear Component
by Mechanical Stress Relieving Methods

Se-Hwan Lee*, Jong-Sung Kim* and Tae-Eun Jin*

*Material Technology Research Group, Korea Power Engineering Company, Yongin 449-713, Korea

Abstract

Residual stresses, which can be produced during the welding process, play an important role in an industrial field.
Welding residual stresses are exerting negative effect on the fatigue behavior and integrity of structure. In this study,
as a result of the thermal elasto-plastic finite element analysis for the welds of a nuclear component, the residual
stress distributions are estimated for as-welded condition. Also, finite element techniques are developed to simulate the
relaxation of the residual stresses according to the various mechanical stress relieving(MSR) loads such as hydrostatic
pressure loading, tensile pipe-end loading, and mechanical stress improvement process(MSIP) loading. Finally, the
results of residual stress redistributions for various loading conditions are compared and reviewed qualitatively and

quantitatively to find an optimum loading condition.
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Table 1 Chemical compositions of the main substrates

(unit : weight %)
Comp |
C Mn P S Si Cu Ni Cr Mo Al vV Nb Fe
Material
0.08 | 2.00 [0.045]| 0.03 | 1.00 10.0- | 16.0- | 2.C~
SA182 F316 Max. | Max. | Max. | Max. | Max. 0.32 14.0 18.0 3.0 0.02 1 0.06 | 0.04 ] 66.4
SB-168 | 0.15| 1.0 | _ [0.015| 05 | 05 | 720 | 140- | _ _ ] ] 6.0
(Inconel 600)| Max. | Max. Max. | Max. | Max. | Min. 17.0 10.0
SA508 Gr.3 | 0.25 | 1.20-|0.025 0.025 | 0.15- _ o410 0.25 | 0.45- ~ 0.05 ~ Bas
ClL.1 Max. | 1.50 | Max. | Max. | 0.40 Y Max. | 0.60 Max. ¢
SA541 Gr3 | 0.25 | 1.20- |0.025|0.025| 0.15-| |, ;o] 025 |04 [ _ o005 | _ |,
Cl.1 Max. | 1.50 | Max. | Max. | 0.35 7Y Max. | 0.€0 Max. ase
0.08 | 3.00 | 0.04 | 0.03 1.0 8.0- | 18.0- | 2.0-
ER308L Max. | Ma. | Max. { Max. | Max. 0.75 12.0 | 24.0 3.0 Base
. g 0.05 | 500 | 0.03 [0.015| 0.75 | 0.5 28.0- . ~ B 7.0-
ENiCrRe-7 Max. | Max. | Max. | Max. | Max. | Max. Bal. 31.5 0.£0 | 0.50 12.0
150 Journal of KWS, Vol. 22, No. 2, April, 2004
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Table 2 Welding and temperature conditions for each welds

Paramenter
. Preheat | Interpass
Welded Part | Process Voltage | Current Veloc1.ty Temp. Temp. POWHT
V) (A) (cm/min) . | (CT/hr)
(C) (0)

Buttering GMAW 27~38 | 300~600 | 24~80 70 170 max. 615%+20/3min. ~40max.
Head-Nozzle | SMAW 20~28 80~190 24~80 121 250 max. 615=20/3min. ~40max.
Buttering= | - o iaw | 20~28 | 80~190 - 16 | 175 max. 210~300/2

Safe End

Safe End~ | oy | 10~14 | 90~200 | 8~15 70 | 170 max, -

Spray line

KBRS 2248 298, 20044 4R
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Fig. 4 Temperature distributions of the pipe weld
(at the 5th weld pass)
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Fig. 6 Interesting section and Von-Mises
effective residual stress distribution of
safe-end~pipe weld
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Fig. 7 Residual stress distributions of pipe weld
(at section A-A" )
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