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Abstract

A study on microstructures of welds for Zircaloy-4 sheath end closure by the resistance upset welding methods was
carried out. Two upset welding process variations such as magnetic force and multi-impulse resistance welding were
used, Grain size and microhardness across welds were analysed in terms of welding parameters. Magnetic force
resistance weld with one cycle of unbalanced mode has smaller upset length and @-grain size in heat affected zone
than those of multi-impulse resistance weld because of lower heat input and shorter welding time. Heat affected zone
formed by two upset resistance welding variations revealed fine Widmanstatten structure or martensitic @' structure due
to the high heating rate and faster cooling rate. Magnetic force resistance welds showed recrystallized grains before
grain growth, whereas multi-impulse resistance welds showed full grain growth
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Table 1 Chemical composition of Zircaloy—4
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element Sn Fe Cr impurities
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Fig. 1 Specimen dimension of Zircaloy-4 sheath
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Fig. 2 Dimension of end cap (a) End cap for magnetic
force resistance welding (b) End cap for multi-
impulse resistance welding
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Table 2 Magnetic force resistance welding parameters

e g Welding current| Magnet current
Welding variables| ™\ A (pyig) KA(RMS)
First half cycle 78 14~15
Second half cycle 19~20 22~23

Up to 7TOMPa(10,000psi)

Forging force (15mm Air gap)

355



100

209 - YT - ves - P4

Table 3 Multi-impulse resistance welding parameters

Welding T T Current
variables Number of cycle | | A(RMS)
8 cycles
Preheat (1 cvcle heat, 3~4
B 3 cycle cool) _
Main heat 4 cycles 8~9
Forging force 45~52 MPa(7,000~7,500psi)
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Fig. 3 Magnetic force resistance welds (a) schematics
of joining process, (b) weld corresponding to
(a)-2, (¢) weld corresponding to (a)-3
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[fig. 4 Multi-impulse resistance weld(a—c) and cross
section of end cap(d)
(a) 8 preheat cycles and 1 mainheat cycle
(b) 8 preheat cycles and 2 mainheat cycle
(c) 8 preheat cycles and 3 mainheat cyele
(d) 8 preheat cycles and 4 mainheat cycle
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Fig. 5 Microstructure of weld by magnetic force
resistance welding
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[Mig. 6 Microstructure of weld by multi-impulse
resistance welding
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Fig. 7 Optical micrograph of magnetic force
resistance weld

Fig. 8 Optical micrograph of multi-impulse
resistance weld
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Fig. 9 Microhardness variation along sheath/HAZ/end cap
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