Trans. Korean Soc. Mech. Eng. A, Vol. 36, No. 12, pp. 1663~1668, 2012 1663
<SE=E> DOI http:/dx.doi.org/10.3795/KSME-A.2012.36.12.1663 ISSN 1226-4873

SHEAXE 2T A8 AXNAAA IYF FHARE

ot
&7 "ol u
* B UAY AT

=%
[=)
[

Lateral Crush Strength of Nuclear Fuel Spacer Grid Considering
Weld Properties

*F
Kee Nam Song and Sang Hoon Lee
* Korea Atomic Energy Research Institute

(Received May 21, 2012 ; Revised July 1, 2012 ; Accepted July 2, 2012)

Key Words: Spacer Grid(*]#| 4 2}A]), PWR(7}7 52 ), Instrumented Indentation Technique(Z]73 Fd Al
3]H), Crush Strenth(F 2 7+%), Weld Zone(%4-), Heat Affected Zone(& & &5+

t A% 2EPES 5w, 197 27
Folrh. AR VA $AF) A4z NFAAT} FsE® ] As) 447

Abstract: A spacer grid, which is one of the structural components in a PWR fuel, is an interconnected array
of slotted grid straps that are welded at the intersections to form an egg-crate structure. The spacer grid is
required to have sufficient lateral crush strength to enable nuclear reactor shut-down during abnormal
operating environments. Previous studies on the lateral crush strength analysis of the spacer grid were
performed using only the base material properties. In this study, to investigate the effect of the lateral crush
strength of the spacer grid when using the mechanical properties in the weld zone instead of the base
material properties, lateral crush strength analysis by considering the mechanical properties in the weld zone
as obtained from the instrumented indentation technique was performed, and the results were compared with
those of previous studies.
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Table 1 Welding conditions for the specimens

Parameters Spot welding | Line welding
Peak power (kW) 3.20 0.87
Pulse width (ms) 6 6
Repeat 17 4

No. of shot 6 84

V. initial velocity

Impacting rigid plate
(rigid and mass element)
il

|, Support grids

—)

9.3 mm weld
Node merge, Contact

P

Spot welding,
Rigid beam, Contact

13.3 mm weld
Node merge, Contact

9.3 mm weld
Node merge, Contact

Roe]
Spot welding,
Rigid beam, Contact

- Fusion zone
.

13.3 mm weld
Node merge, Contact

Fig. 6 FE model using weld material properties
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Fig. 8 Indented position in Zircaloy-4 specimen
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Fig. 9 Variation of mechanical properties in weld
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in Fig. 8
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Table 2 Normalized material properties

Yield stress Tensile strength

Base material 1.000 1.000

HAZ 1.162 1.154

Weld 1.372 1.446
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Table 3 Comparison of crush strength ratio

Analysis/Test
Weld line with base material | with weld
(mm) properties properties
Spot welding 1.909 1.409
(2.0 mm)
Line welding 1.980 1.528
(9.3 mm)
Line welding 1.900 1.511
(13.3 mm)
Impact load
Unit strap

,
. @ Weld zone

’ /Horizontal strap
r

l Load path

Fig. 14 Load path in a strap
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