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Abstract: A nuclear fuel assembly consists of a top end piece, bottom end piece, and spacer grids. The
spacer grid assembly has the role of protecting the fuel rod against external loads such as earthquakes and
car accidents during transportation. Thus far, the protection capability of the spacer grid has been studied
for only one layer of spacer grid owing to experimental and computational cost limits. Numerical analysis
for the whole fuel cell assembly is very difficult because it requires the use of a very large number of
elements. In particular, a very large number of elements is required to represent the spring of the spacer
grid. Therefore, a simplified equivalent model that exhibits the same behavior as the original model is
designed using the minimum deformation energy method. The designed equivalent model is verified using a
well-known commercial code. As a result, it is shown that the computation time can be reduced by 80%
using the equivalent spring model.
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Fig. 1 An example of multi-layered spacer grid"
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Fig. 2 (a) One layer spacer grid and (b) detailed
view and dimensions of one section spring
and dimple that is marked ‘S’ in Fig. 2(a)
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Fig. 3 Detailed view of fuel rod and spacer grid

Be] TR E AT 145
= 270 WA 2z Hetar, A 27)¢]
Holl = d&E3 gsoto] F4o] ¢hstdr. =32
B HES FAol BFRE AN B
Mre 8471 Hagh Fioltg

Fig. 4% 23299 A F4S HoFErh &2
B yHF WFgow Fst Spring ALt xF U
o2 H3P3 Spring BE T4¥ ] Ut o]sk
S AZHI Srke] A=y P AAES YA
= 3xk djAle]l FHast shARE, B Aol A
v g Aom HAS ] {8 ~xE 279
Fis 77 et AAFZoRA 2xpdo R
Al ol & EW Spring A9 T3t FAS
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Fig. 5 Schematic illustration of a simplified spring:
(a) iso-view and (b) x-z plane view
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Fig. 6 Schematic illustration shell deformation and
normal notation at (a) undeformed and (b)
deformed configuration
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Table 1 Mechanical properties of Zircaloy-4

Zircaloy-4
Young’s modulus 113.7 GPa
Poisson’s ratio 0.29

Stress-strain relation o = 157+ 543163
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Fig. 8 Model and analysis results for verification:
(a) analysis model, (b) analysis result, (c)
undeformed and deformed profiles
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Fig. 9 Original and equivalent shape of “Spring A”
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Fig. 16 3x3 analysis model (left) and boundary
conditions (right)
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Fig. 17 Mesh structure of the 3x3 analysis model
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