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Modal Analysis and Testing for a Middle Spacer Grid of a Nuclear Fuel Rod

AHZE F7 XIX|HKIS| D A

* +
FRz-T

(Bong-Jo Ryu * Kyung-Wan Koo)

=<

=

Abstract - The paper presents modal testing and analysis in order to obtain the dynamic characteristics of a middle
spacer grids of a nuclear fuel rod. A spacer grid is one of the important structural elements supporting nuclear fuel rods.
Such a fuel rod can be oscillated by its thermal expansion, neutron irradiation and etc. due to cooling water flow under
the operation of a nuclear power plant. When the fuel rod vibrates, fretting wear due to repeated friction motion between
the fuel rods and spacer grids can be occurred, and so the fuel rod is damaged. In this paper, through modal analysis
and testing, natural frequencies and modes of a middle spacer grid were calculated, and the following conclusions were
obtained. Firstly the numerical first-seven natural frequencies for spacer grids of a fuel rod having complicated
structures have a small difference within 3.8% with experimental natural frequencies, and so the suitability of simulation
results was verified. Secondly, experimental mode shapes for a middle spacer grid of a nuclear fuel rod were verified by
obtaining lower non-diagonal terms through MAC(Modal Assurance Criteria), and were confirmed by the simulation

modes.
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Fig. 1 Simulation model for a middle spacer grid of a fuel

rod.
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Table 1 Material properties for a middle spacer grid of a

fuel rod.
. Elastic Density Poisson’s
Materials modulus Ckafr®) ratio
(Gpa) arm
Zirconium 90 6,600 0.34
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6th mode(438.70Hz)

+ Tthmode(544.30Hz)
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Fig. 2 Mode shapes for a middle spacer grid of a fuel rod.
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Table 2 The first-seven natural frequencies for a middle

spacer grid.

Modes Natural frequencies (Hz)

1 68.08

2 140.96

3 21727

4 301.04

5 349.1

6 4387

7 544.3
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Fig. 3 Photographs of an experimental equipment for a

modal test. (@) LMS SCADAS Mobile Frontend, (b)
Impact hammer, (c) Accelerometer.
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Fig. 4 Schematic diagram for a modal experimental system.
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Fig. 5 Photograph of a middle spacer grid with free

boundary conditions.
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Fig. 6 A middle spacer grid and an experimental grid
establishment.
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Fig. 7 Frequency response function of a middle spacer grid
for x—ydirection.
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Fig. 8 Frequency response function of a middle spacer grid
for zdirection.
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Fig. 9 Modal assurance criteria graph with zdirection.
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Fig. 10 Modal assurance criteria graph with ydirection.
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Fig. 11 Experimental mode shapes of a spacer grid.
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Table 3 Comparison experimental results  with  simulation
ones for natural frequencies.

Experiment (Hz) , ,
Simulatio E
Mode Direction n (I;(;r
(Hz) ?
T Yy z

1 - - 70.1 68.08 2.9

2 135.77 134.9 - 140.96 3.8

3 209.44 209.85 - 217.27 3.7

4 291.94 291.18 - 301.04 3.1

5 339.61 338.35 - 349.10 2.8

6 432.39 429.74 - 438.70 15

7 541.01 538.42 - 544.30 0.6
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