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Effect of Weld Residual Stress on Fatigue Analysis of Nozzle
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Abstract

Although the fatigue design curve of ASME Code has enough margin with respect to alternating stress
and cycles, the welding residual stress(WRS) should be included in fatigue analysis. In this paper, WRS
distribution in a nozzle with dissimilar metal weldment was obtained by finite element analysis and was
added in fatigue analysis. The fatigue analysis was performed by following the ASME Code including
thermal and stress analysis applying with postulated 30 transient conditions. The calculated results of a
cumulative fatigue usage factors(CUF) were compared for the case of the models with or without WRS
effects. The results showed that the CUF at weldment and heat affected zone was affected by the WRS.

Key Words : Fatigue analysis, Cumulative usage factor, Dissimilar metal weld, Finite element method,
weld residual stress
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%4 (Normal) 21 187, Al (Test) X 24, oF A5 Yehlle Holrzks et 3ol d¥ssdt =
(Upset) 3231 702 7Hgaiqitt. 32 Event= Table  @ate] dAgs|y] 235 EdEd 989 XS +
19] 273 FHAZGA(SSE) aFs, 571 WE(Table @) I=ejMES g A2 aiMelx] mdo 9%
2l Exz E7)), AReFe 371 ZAS del] W Bedd s gonz vazAs Agasin
& 307 o= siglth. o7IA AZete2 Aol Wik AAl A ERE ST TERT dRUM Rk
of A&sA| e stexdE ovleh, RHEIEEH  7b i#zt F Table 19 7 Holzd] tig &kdks
3l Cycle AR Event 23 AHEE o] 7lelIAIBRE, Table 19 Ho|xHoR ajM gt d-&
Table 1 List of transients employed in fatigue analysis
Type Name Transients Initia[luc'lj‘emp. ?ggu;:;rll:;a
NIA Steady State Operation (Increase) 264 1500000
N1B Steady State Operation (Decrease) 270 1500000
N2A Daily Load Follow Operation (From 100% to 50%) 270 22000
N2B Daily Load Follow Operation (From 50% to 100%) 247 22000
N3A Turbine Step Load Change in the Increasing Direction 228 6400
N3B Turbine Step Load Change in the Decreasing Direction 230 6400
N3CA | Large Turbine Load Step Decrease 270 150
N3CB Large Turbine Load Step Decrease 270 60
N3CC Large Turbine Load Step Decrease 270 210
Normal
N4A Turbine Ramp Load Change in the Increasing Direction 192 6400
N4BA Turbine Ramp Load Change in the Decreasing Direction 270 3200
N4BB Turbine Ramp Load Change in the Decreasing Direction 270 60
N5 Non-Load Change Events (Planned) 237 13600
NbHA Opening or Closing of Economizer Feedwater Control Valve 221 13600
N6 Non-Load Change Events (Unplanned) 269 360
N7 Plant Events below Power Operation 202 2820
N8 Plant Heatup 21 300
N9 Plant Cooldown 292 300
TI1A RCS Hydrostatic Test (Increase) 16 15
Test T1B RCS Hydrostatic Test (Decrease) 135 200
T2 LeakTest(1)
Ul Increase in Heat Removal by the Secondary System 271 70
U2 Decrease in Heat Removal by the Secondary System 269 80
U3 Decrease in RCS Flow Rate 268 30
Upset U4A Reactivity and Power Distribution Anomalies 209 60
U4B Reactivity and Power Distribution Anomalies 270 60
Ub Increase in RCS Inventory 270 20
[8[) Decrease in RCS Inventory 270 30
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Fig. 12 Axis of nozzle load

Load Fa Fb Fe Ma Mb Mc

Case (kN) (kN) (kN) | (kNm) | (kNm) | (kNm)

DW 1.82 | 12.63 | 0.44 0.20 0.14 8.37

NOP 9.96 | 23.86 | 3.93 | 13.93 | 3.22 | 26.01

SSE 12.46 | 34.46 | 18.81 | 19.22 | 7.55 | 25.71
NOP+Ex| 10.73 | 26.60 | 5.27 | 15.22 | 3.77 | 27.99

F
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MY =z
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B
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