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Study on the Process and Properties of Pressure Resistance Welding of
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Abstract: In order to overcome the limitations of traditional fusion welding processes for Cr-coated zirconium alloy clad-
ding tubes, a self-developed pressure resistance welding equipment was used to achieve reliable connections between Cr-
coated zirconium alloy cladding tubes and end plugs. Through microstructure analysis, mechanical property testing, and cor-
rosion performance evaluation, the applicability and advantages of this process were confirmed. The study found that the Cr
coating remained intact during the welding process, with no melting, cracking, or peeling, and no obvious diffusion of Cr ele-
ments was observed. In addition, burst tests and tensile tests showed that the welded joints had excellent mechanical proper-
ties, with fractures occurring in the base material area, confirming the reliability and strength of the joints. Water corrosion
tests further confirmed the excellent corrosion resistance of the Cr coating in high-temperature and high-pressure water envi-
ronments, effectively inhibiting the diffusion of corrosive media, and no coating cracking or peeling commonly seen in TIG
welds was observed. The advantages of low heat input, fast welding speed, and low deformation rate of the pressure resis-
tance welding process make it an ideal choice for mass production of Cr-coated zirconium alloy cladding tubes. This study
provides important technical support for improving the safety and reliability of nuclear fuel rod bundles and provides new
ideas for the study of welding processes for related materials.
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Table 1 Chemical composition of base metal (wt. %)

R Sn Nb Fe Cr o) Cu S Zr
BTHMZND  — 1.0 015 — 0.135 0.01 0.002 4k
WH%EZrSn 150 — 021 010 0125 — @ — @ 4xi
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Fig. 1 Schematic diagram of pressure resistance welding principle
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Table 2 Process parameters of pressure resistance welding

BUREGS Bk PHERRIAKA RSN BRI /ms
1# 6 16 2500 20
24 6 17 2500 20
3¢ 6 18 2500 20
4# 6 19 2500 20
St 6 20 2500 20
6 3 10.5 2500 20
7# 3 12.5 2500 20
8 3 145 2500 20
9# 3 16.5 2500 20
10# 3 18.5 2500 20
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Fig. 2 Tensile specimen of pressure resistance welding
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Fig.3 Scratch detection equipment
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Fig.4 Weld morphology of pressure resistance welding
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Fig. 5 Effect of welding current on weld formation
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Fig. 6 Microstructure and EDS analysis of weld
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Fig.7 Macroscopic morphology of the coated specimen after corrosion
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Table 3 Tensile test results of pressure resistance welded joints

=2 B JEPZ R /KA HTRLRE UTS/MPa
6# 3 105 534
7H 3 125 535
8# 3 145 533
9t 3 16.5 537
10# 3 185 534
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Fig. 8 Fracture state of pressure resistance welded specimens under

tensile test
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Table 4 Burst test results of pressure resistance welded joints
P Kokt FHEHLR/KA SFEPRRETHEN

1# 2 16 11 043

2# 2 17 10 687

3# 2 18 10 955

4 2 19 10 084

S# 2 20 10123
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Fig. 9 Burst test results of pressure resistance welded specimen
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Fig. 10 Surface condition of pressure resistance welded specimen after scratch test
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Fig. 11 The acoustic emission and tangential friction force result curves for No. X sample
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