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Investigation of Welding Residual Stress in J-Weld between Reactor
Pressure Vessel Head and Two Control Rod Drive Mechanism
Nozzles Based on Mockup-to-Production Analysis Method

Yang Min, Luo Ying, Fu Qiang, Li Yuguang
Science and Technology on Reactor System Design Technology Laboratory Nuclear Power Institute of China, Chengdu, 610041, China

Abstract A mockup-to-production method was proposed to investigate the welding residual

stress induced by the welding of reactor pressure vessel (RPV) head and control rod drive
mechanism (CRDM) nozzle. The mockup was built firstly, the welding temperature and residual
stress were measured from the mockup; then the finite element simulation on the mockup was
carried out and the simulated temperature and stress results were validated by the experimental data;
based on the mockup, the simulation model and algorithms were further optimized and were finally
used to simulate the residual stress of the product. The residual stress in the nuclear RPV head with
two J-type welds at the locations of non-center hole were efficiently simulated with the proposed
method. In addition, the superposition effect at the region between the two J-type welds were
investigated. Results show that the mockup-to-production method is an efficient and effective
method for the simulation of large nuclear welded structures; the superposition effect at the region
between two J-type welds in RPV head is not significant.

Key words Welding, Residual stress, Reactor pressure vessel, J-weld
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Fig. 1 Dimensions and Materials of Mockup
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Table 1 Measured and Simulated Peak Temperature
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Fig. 2 Comparison of Measured and
Simulated Temperature Curves
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Fig. 3 Residual Stress Distribution on Tube
Outer Surface at Downbhill Location
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Fig. 4 Residual Stress Distribution between
Two Nozzle Welds
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