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Experimental study on the damping estimation of the 5x5 rod bundle
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ABSTRACT

The PWR Nuclear Fuel assembly consists of more than 250 fuel rods that are supported by leaf springs in the cells of more
than 10 Spacer Grids (SG) along the rod length. Since it is not easy to conduct mechanical tests on a full-scale model basis, the
small-scaled rod bundle (5x5) is generally used for various performance tests during the development stage. As one of the
small-scaled tests, a flow test should be carried out in order to verify the performance of the spacer grid like the coolant mixing
performance and to obtain the Flow-Induced Vibration (FIV) characteristics of the rod bundle over the specified flow range. A
vibration test should be also performed to obtain the modal parameters of the bundle prior to the flow test. In this study, we
want to develop the estimation procedure of the damping ratio for the small scaled test bundle. For the damping factor of the

rod bundle and the grid cage at the first vibration mode, as

one of the vibration tests, a so-called pluck testing has been

performed in air as a preliminary test prior to in-flow damping measurement test. Logarithmic decrement method is used for
calculation of the damping ratio. Estimated damping ratio of the rod bundle is about 0.7 % with reasonable error of 2 % for the
previous results. Nonlinear behavior of the rod bundle might be stem mainly from the rod-grid support configuration.
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F: Pluck force
S(f1): Frequency(Fundamental frequency)
¢ : Damping ratio
¢ : Damping coefficient(rate of energy dissipation),
¢, : Critical damping
@, : Fundamental natural frequency
Yi(ys) : Amplitude of first(last significant) global peak
1,(1,) : Time at initial(last) peak of y,(y,)
7: Associated period (7=1/f})
Dy : Initial pluck displacement
D" : Normalized pluck displacement
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Fig. 1 Rod bundle vibration test overview (left) and
pluck test picture (right).
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Fig. 2 Cross section of the rod bundle (G: Guide tube).
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Fig. 3 Initial pluck displacement - force characteristic
curve((a)) and bundle's bending stiffness((b)) of the
bundle.
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Fig.4 Typical pluck displacement traces of the grid
cage((a), (b)) and 5x5 rod bundle((c), (d)) until 18
seconds((a), (b)), and 2 seconds((c), (d)).
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Fig. 5 Vibration spectrum of the cage and rod bundle
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Fig. 6 Fundamental natural frequency of the grid cage
and 5x5 rod bundle according to the initial pluck
displacement.
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Fig. 7 Estimated damping ratio of (a) the grid cage and
(b) the 5x5 rod bundle.
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