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ABSTRACT

The FINDS code which has capabilities of analyzing PWR and LMFBR cores deflection
and colliding behaviors under seismic conditions has been applied to the LMFBR core mock-
up tests analyses to confirm the code capabilities for simulating LMFBR core seismic
behaviors, where the PEC and the RAPSODIE core mockup experiments were analyzed. Through
this study, the FINDS code has been verified for core mock-up data in displacements and
colliding forces.

INTRODUCTION

In PAR core seismic analyses in Japan, time historical responses of fuel assemblies were !
calculated by a computer program "FINDS” which has capability to treat in-elastic modes

for grid spacer collisions. A capability of analyzing LMFBR core seismic behaviors has

been added in the FINDS code. In this paper, the PEC and the RAPSODIE cores seismic tests

data were analyzed by using the FINDS code to check the FINDS code capability to simulate

LMFBR core seismic behaviors.

FINDS CODE MODELS

Solution algorithm

.The core seismic analysis code FINDS has now the capability to analyze both PWR and LMFBR
core seismic behaviors, the latter model of which was formulated in the course of the
Japanese LMFBR core seismic design works. In order to describe the motion of fuel-
assemblies(F/As), the finite element methodology (FEM) was used where one F/A is treated
as a combination of beams with distributed mass.and stiffness. Then vibrations of an
F/A is described in the next form.

(M+Ma] (&} +[C] (&} + [K] {x} =-[M~-Md] (K} + {Fa} (1)

where [M]:mass matrices
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[Mal:fluid added mass matrices

{x} :relative displacement vector of an F/A beam to barrel motion

[C] : damping matrices

[K] :stiffness matrices

[Md] : fluid displacement matrices

{Xo} :seismic acceleration vector of barrel expressed by absolute

coordinate

{Fr} : impact force vector

The colliding vibrations of the F/As arrays can be handled by the simultaneous
equations of eq. (1)., which is coupled by the impact force vector {Fg}.The mode-
superposing method is used to solve the above equations.

The process to solve eq. (1) in the FINDS is described in detail in the reference

(.
Fuel assembly model

Fuel and reflecting assemblies are modeled by the distributed mass and stiffness beams.
The FINDS model for the PEC and the RAPSODIE assemblies are shown in Fig. 1. The calculated
natural frequencies are written in Table 1 with measured values. The first mode frequency
agrees well between measured and calculated values. Higher modes can not be compared by
the lack of measured data. From the experiences of PWR fuels experiments, the first three
modes are dominant in expressing F/A vibration modes.
As the damping constants, 5%(first mode) and 3%(more than second mode) were used in
PEC calculation. In RAPSODEI calculation, 3%(fuel)/1%(neutron shield) in air, and 5%(fuel) ’
/3%(shield) in water were used for the damping constant. |

Pad model

The spacer pads on the surface of wrapper tube (or hexagonal duct) are modeled. bir the
shock stiffness K and shock damping C which are written in the Table 2 which are
determined by the experiments. |

VERIFICATION RESULTS OF THE FINDS CODE
PEC analyses

The configurations of the PEC core mockup are shown in Fig.2. The C means a core F/A and
the N means a neutron shield element. The gap values between assemblies are also written
in Fig. 2.
In order to validate the FINDS model for the colliding phenomena, the largest test
scale case ( 19 assemblies group and the most severe acceleration wave —TH.n.61) was
selected in which collisions between pads are expected to occur. The diagrid acceleration
is shown in Fig. 3 |
Calculations were performed from 4.5 to 11.5 seconds of the seismic wave. The
measured displacements are drawn in Fig.4. The FINDS results for displacements are time
historically drawn in Fig. 5 for two dimensional case and Fig. 6 for three dimensional case.
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It can be seen that the PEC displacement and acceleration data are simulated well by
the FINDS code model. From the results of the three dimensional analysis, it can be seen
that the predicted response is reduced a little compared with two dimensional analysis.
RAPSODIE Analysis

The configurations of the RAPSODIE core mockup are shown in Fig. 7. The core is composed
of 127 core Fuel assemblies surrounded by 204 neutron shield elements. The C means a core
F/A and the N means a neutron shield element. The fuel configuration and the gaps between
assemblies are listed in Fig. 8. In order to validate the FINDS model for the colliding
phenomena of assemblies, typical two cases from the RAPSODIE experiments were selected.
The natural frequencies and load pad models are written in Table 1 and 2.

(1) RAPOS7 AX01 WAVE test in Air
The RAPO87 AXO1 wave test case in air condition was selected for the calculation where
nineteen assemblies of one array are modeled. The diagrid acceleration of the RAPO87 wave
AX01 is plotted in Fig.9. Calculations were performed from 0 to 7 seconds.

The displacements of one row assemblies calculated by RAINBOW are drawn in Fig. 11.
From Figure 12 to 14, measured and calculated time histories of displacements are drawn
for comparative use at the element mumber 1,5 and 10 respectively. 1In fig. 15, the
maximum displacement values are compared for all elements. The consistency is fairly well.

(2) RAPZIMMER32 WAVE test in Water

The other calculation case is for the RAPZIMME32 wave in water condition where whole
assemblies composing the RAPSODIE full mockup experiment are modeled in the FINDS
calculations ( one half of the core assemblies are modeled in consideration of symmetry ).
The diagrid acceleration time history of RAPZIMMER32 wave is plotted in Fig. 10. Time
intervals from 1.3 to 3.8 seconds of the RAPZIMMER32 seismic wave were selected for the
calculation.

In fig. 16, all motions of the full mock-up test ( RAPZIMMER32 ) are plotted. In
Fig. 17 and 18, measured and calculated time histories of each assembly displacement are
drawn for comparative use at the element number 1 and 10. In Fig. 19, calculated maximum
displacements of central array are compared with measured data.

From these data, it can be seen that the maximum values are consistent with each
other although the calculated displacements of neutron shield elements are smaller than
measured values in time historical domain. The core-wide motion of the mock-up test
elements of the RAPZIMMER32 are shown in Fig. 20. )

We can see that core fuels mainly response to the seismic wave and their motions are
restricted by the neutron shield elements. Also by the three dimensional comparison, it
can be said that there exists consistency between the measurements and the calculation.

In the FINDS the neutron displacements are less predicted for both one row and three
dimensional case against measured values. The cause of this discrepancy cannot be
revealed by the lack of fine experimental data now.

DISCUSSIONS
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The PEC tests data were accurately simulated by the FINDS code within 20 % band
width. In the PEC experiments some specific features existed apart from the real core
situations. One is that the massive blocks were attached inside core elements to
simulate mass distributions all through experiments, instead of modeling fuel pin bundles.
This leads to modeling smaller damping than the real fuel subassemblies in the test.

By our experiences, damping factors of 3 to 5% of a fuel subassembly can be expected
when a fuel pin bundle was strictly simulated. It may be used around 1 % damping for the
PEC core elements for its mock-up modeling. But it should be taken note that the
realistic damping may be used for the real core seismic design.

The other one is that the assemblies were rounded by a vessel with large gaps
between core elements and the vessel in the PEC experiment. By this specific situation the
fluid effect may be increased apart from the real core conditions.

Therefore it may be concluded that the PEC tests were modeled by the small damping
of a single assembly around 1 % and by the large fluid effect ( non-diagonal term in added
mas$ matrices).

If we see the real core, we might be allowed to use large damping for core elements
and the small added mass.

The calculation results of the RAPSODIE tests show coincidences between the computer
programs within 30 % in the displacements of the core F/As which exist in the center
region of the core. On the other hand the displacements of the reflectors were less
predicted by the code. It is one suspicion that the reflectors were not so rigidly fixed
at the lower ends which leaded to lower frequency and more deflection responses.

SUMMARTES

The PEC core seismic tests data were analyzed by using the FINDS code to check the
FINDS code capability to simulate LMFBR core seismic behaviors.  The comparison of
displacements and accelerations are very consistent. Then it was confirmed that PEC
experimental data are simulated fairly well by the FINDS code model.

The RAPO87 AX0l1 wave test case in air condition was selected for the FINDS
calculations of the RAPSODIE mockup tests where 19 assemblies of one array are modeled.
In addition the RAPZIMME32 wave test in water condition was selected where whole
assemblies which compose the RAPSODIE three dimensional mock-up are modeled in the FINDS
calculations. Then it was assured that the RAPSODIE displacements data can be reproduced
by the FINDS code model for both one row and three dimensional cases, and three
dimensional movements are recognized by the graphical presentations, although slight
discrepancy exists in neutron shield elements displacements.
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Table 1 Natural Frequencies

Core Fuel Neutron Shield
1 20 3 1 20 34
PEC. In Air Cal. |3.58 26.9 80.5 3.04 22.9 68. 4
Exp.
In Water Cal. | 3.25 24.4 73.0 3.17 22.1 64.8
Exp. |3.2 3.25
RAPSODIE In Air Cal. |82 51.9 [145.6 |20.0 |126. 0} 354.1
Exp. | 8.0 20.0
In Water Cal. |6.9 4.1 124.3 | 17.0 107.1 | 3011
Exp. |6.8 17.0
Table 2 Shock Stiffness and Damping Coefficient at Load Pad
Axial Level cm | Stiffness kgf/c | Damping Coef. kg
m fs/cn
PEC 144 8600 4.774
255. 85 8850 4,912
RAPSODIE | 71 751 0.4
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Fig.4 Measured displacements of PEC experiment
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Fig.5 Calculated displacement by FINDS
(two dimensional analysis)
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