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A Study on the Characteristics of Zircaloy-4 End Cap Welding of
Nuclear Fuel Pin Using Nd:YAG LB and GTA
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Abstract

This study is to compare the weldability of Zircaloy-4 end cap of nuclear fuel pin using by
GTA and Nd:YAG LB. The welding parameters which affect bead width and penetration depth
have been investigated. The effect of joint geometry of end cap for GTAW and LBW has been
studied and optimum conditions of Zircaloy-4 endcap welding have been found. Microstructures
and microhardness of GTA and LB welded zones have been also compared.
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Table 1. Chemical composition and mechanical
properties of Zircaloy-4

CHEMICAL COMPOSITION

Alloyin Zr plus
ving Sn Fe Cr permitted
Element impurities

W/0 11.2-1.70 |0. 18-0. 24|0.07-0. 13

MECHAICAL PROPERTIES

Tensile Strength| Yield Strength - s
(kpsi) 0.2% offset, kpsi) Elongation (%)
63.8 50.1 32.0
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Fig. 1 Joint geometry of experimental specimen for
end cap welding
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Fig. 3 Shielding box and rotation controller for LBW
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Fig. 4 Experimental procedure for GTAW
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Table 2. Experimental conditions for GTAW and

LBW
GTAW
Electrode material W-Th 3%, #2.4
Shielding Gas He (UPC)
Arc Current 24-30A
Arc Length 0.45 - 0.5 mm
Chamber Pressure 0.4 - 0.6 bar
LBW
Peak Power 3-7TkW
Pulse Width 4-8ms
Pulse Frequency 10, 20, 30 Hz
Rotation Speed 4 - 8 rev. /min
He Flow Rate 20 - 40 LPM

LBW & €3 A3 = WA zo|A7} B3
2o AlFHY FgsA 2o BIIEF 83
=& AHEste] FEsck A AR I3
@ == achromatic doublet ©}x, 2HYA 9] 7|&
L tolecHolHE AFAZE 3o AFH
23& 934 % o}& CCD 7 E F3lo 713
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1A 1.5 mm A== 345, =HAXE FF3}
A 2R3 AsA X-Z &2 2Addet CCD 71

E A143lglel, oju AlS-® LBW ¢ Ayd=xd
€ Table 2 ¢ 2t} old H}YVE=E Fig. 5 9
Table 3 ol A ¢} o] 2] W4 o3 HeA<= 3k
o2 At & A& F Uk Q714 #HolA
o] BAlZte ZHAPORRE 0.5M 9 2.5 M Eof
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Fig. 5 Spherical aberration of a single lens focussing
a parallel beam

Table 3. Experimental conditions of power density
measurement

Relation Equation

_ 4P

on(f oy
PD : Power Density (MW/cm))
P : Peak Power (kW)
# : Beam Divergence (mrad)
f : Focal Length (mm)

Power Density Measurement

Beam Divergence (8) 5 - 12 mrad
Focal Length (f) = 100 mm
Mag. of Beam Expander 3 X
Measuring Plate AR coating
CCD Resolution (0.1 mm
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Fig. 8 Dependence of penetration depth and bead
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