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Abstract

The spacer grid is one of the main structural components in the fuel assembly, which supports the fuel rods
and maintains coolable geometry from an external load. A vibration test and a finite element analysis using
ABAQUS on a dummy fuel rod continuously supported by Optimized H type(OHT) and New Doublet (ND)
spacer grids are performed to obtain the vibration characteristics such as natural frequencies and mode shapes
and to verify a finite element model. The results from the test and the finite element analysis are compared by
modal assurance criteria (MAC) values. It is resulted that MACs for the first, the third and the fifth mode
shapes are relatively good as compared with those of the second and fourth ones. The natural frequency
differences between two methods as well as the mode comparison results for the rod with OHT spacer grid are
better than those with ND spacer grid. It is judged that the FE model for the ND spacer grid spring should be

modified to consider the long contact length which actually happen when the spring supports the rod.
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Fig. 1 Fuel rod supported by spacer grid
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(a) Unit cell

(b) 5x5 ND spacer grid
Fig. 3 Shape of new doublet spacer grid
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Fig. 4 Dimensions of the dummy fuel rod (Unit: mm)
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Table 1 Displacements of the fuel rod supported by

OHT and ND spacer grids by test in air
Grid | Optimized H type New Doublet

Disp Fund. Disp Fund.
Force (mm) (f'ﬁ‘zl) (mm) (ﬁljl:g')

0.25N 0.10 34.64 - -
0SN 0.22 32.44 0.10 48.57
0.75N 0.29 31.47 0.13 47.04

1LON - - 0.19 | 47.03
1.25N - - 020 | 4575
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Table 2 Displacements of the fuel rod supported by
OHT and ND spacer grids by test under water

New Doublet

Grid | Optimized H type

Disp Fund. | Disp Fund.
Force (mm) g;g) | (mm) (ﬁ}"{:g)

0.25N 0.10 32.21 - -
05N 0.21 31.02 0.12 45.32
0.75N 0.28 30.05 0.21 44.35

1ON - - 0.23 44.04
1.25N - - 0.25 43,74
030 —— — — .

0.25N
e ~- 050N ]

! 2 0.75N
E 020 - :u InAir ]

Z o5l !

| 1
H 4
E -

80 10C 120 140
Natural Frequency (Hz)
Fig. 6 Displacements measured from the dummy fuel
rod supported by OHT spacer grids
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Table 3 Natural frequencies and MAC values of the
dummy fuel rod supported by OHT spacer
grids with force levels in air
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Table 4 Natural frequencies and MAC values of the
dummy fuel rod supported by ND spacer
grids with force levels in air

Force Mode Natural Freq.(Hz) | Error* | MAC Force Mode Natural Freq.(Hz) | Frror* | MAC
™) Test | FEA | %) | (%) ™) Test | FEA | (%) | (%)
1 34.64 | 4006 | 1564 | 0.948 1 4857 | 3223 | -33.65 | 0.980
2 46.62 | 46.62 0.00 | 0958 05 2 49.90 39.86 | -20.12 | 0.365
025 3 51.03 | 5564 | 9.05 | 0908 3 53.53 | 5032 | -6.01 | 0.924
4 101.1 | 8555 | -15.41 | 0.792 5 128.45 | 114.89 | -10.55 | 0.801
5 109.7 | 1269 | 15.75 | 0.890 1 4704 | 3223 | -31.49 | 0950
s 2 4925 3986 | -19.10 | 0.130
1 32.44 40.06 2348 | 0951 0.7: 3 51.06 5032 -145 0.940
2 | 4631 | 4662 | 067 | 0879 S | 12818 | 114.89 | -10.36 | 0.814
4 98.63 85.55 | -13.26 | 0.279 L0 2 49.24 3986 | -19.00 | 0.120
1 31.47 40.06 273 0.935 S 128.09 | 114.89 | -10.30 | 0.813
2 44 .88 46.62 3.88 0.945 1 45.75 3223 | -29.56 | 0.965
0.75 3 49.07 55.64 13.39 | 0932 125 2 47.97 3986 | -17.73 | 0.254
4 1014 8555 | -15.62 | 0.505 - 3 50.77 50.32 -090 | 0957
5 105.9 126.9 19.8 0.888 S 1279 114.89 | -10.18 | 0.866
KA - FEA - Test
*: Error = IjFé - Test x 100(%) *: Error = ——— x100(%)
Test Test
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Fig. 7 Fundamental frequencies of the dummy fuel rod
supported by OHT spacer grids with force levels
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Fig. 9 MACs of the dummy fuel rod supported by OHT

spacer grids under 0.25 N
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