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Summary

This paper deals with vibration behaviours in a cluster of components with hexagonal
cross section in a limited area under dynamic excitation due to seismic events.

A seismic analysis of the Fast Breeder Reactor Core is a complicated problem, which
includes the dynamic interaction with wany components of different vibrational behaviours.

The core components are assumed to be elastic beams fixed at the lower part and free
at the top.

They have first mode resonant frequencies in the same components as earthguake wave
predominant frequencies and are arranged in the barrel with small gaps between them.

When strong earthquake excitation is applied to the barrel, the cluster of components
displace to geometrical limits in the barrel and collisions will occur between adjacent
components as a result of their relative motion, because of the small gaps between
components .

For these reasons, a non-linear analysis with components collision is necessary to
predict the seismic response in the cluster of compornents.

It is hoped to establish a relatively simple calculation model with lower degrees of
freedom within the range where the phenomena cannot be mistaken.

In order to clarify the complicated seismic response of components, expariments were
carried out under two situations.

Single row components tests and grouped components tests were carried out in a £luid
region with actual components.

The followings became clear after studying the experimental results.

(1) Relation between input acceleration and components displacement distribution.
(2) Relation between input acceleration and predominant vibrational frequencies in
response time history.

(3) Differences in behaviour between single row model and grouped model,
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Tn the course of FBR development, evaluation of its safety to withstand an earthquaks
ig one of the important problems for FBR plant design.

This paper relates to the FBR Core Components. The FBR coire components consist of core
fuel assemblies, radial blanket assemblies and neutron shield assemblies. They are assumed
to be elastic beamg immersed in a fluid region, supported at the lower end plug and free at
the top.

Studies on dynamic response with interactions between a cluster of beams and fluild sub-

jected to dynamic forces caused by support accsleration due to earthquake, have been con-

”imentally.l)

ducted analytically and expe

The ¥BR core components have first mode resonant frequencies, same as earthquake wave

perdominant frequencies. fThey are arranged in a limited area in the barrel with small gaps

between them.

During strong earthouake excitation, the cluster of components displace to geometrical
limits in the barrel and collisions could occur between adjacent components as a result of
their relative motion. For these reasons, aseismic analysis of core components is a compli-
cated non-linear problem, which includes collision vibration and fluid interaction. In
actual core design, it is difficult to include hundreds of components in numerical calcula-

tion. In order to develop an applicable analytical method for practical treatment, it is

necessary to clarify the complicated seismic response of components experimentally. BSo,

[T}

forced vibration tests using actual components were conducted “in air™ and “in water".

2 Vibration Tests

In an actual core, hundreds of components with hexagonal cross section are arranged

closely in a barrel. In these e: riments, single row apparatus with 28 compenents simu-

lated all components in a cors central row and 7 group row apparatus with 37 components in
core center were made. The test apparatus was put on a large-sized shaking table and
excited.

The test apparatus are shown in Fig. 1 v Fig. 2. Fig. 1 shows the single row test
apparatus - a water tank 4200 mm in height and 300 mm x 38325 mm sectional area. It can

accomodate 29 componenis in a can be excited in the dirvection of the row. The test

apparatus must have as high a frequency as possible, so as not to affect the vibra-

tion characteristics of test components when it is charged with these components and filled

with water. The First mode natural Freguency of test apparatus ls 50 Hz or above.

although measurement devices are not shown in Fig. 1, this test apparatus includes a

frame having the mounting seat for displacement transducers for measuring displacemernt of

the component upper part, and load cell mounting seat for measuring the collision force be-
tween pad parts of the component at both ends of the iow. Purther strain distribution in
components and acceleration at component top and middle part were measured.

Fig. 2 shows the group test apparatus - a water tank with 4860 mm height and 1050 mm
diameter. T+ can accomodate 37 components. The concept embodied here is the same for a
single row test.

The reason to make Two different apparatus configuration is to understand detalls about

the phenomena regarding a single row and group row, and Finally to conclude that the single row

analysis represents in design, including that margin.
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Single row tests with 29 Components

In this test, the tamk in which 17 core fuel assemwbli

s, 4 radial blanket assemblies
and 8 neutron shield assemblies were arranged in a line, was put on the shaking table and
excited.

Fig. 3 shows the acceleration response curves for the component top in water against
sinusoidal sweep waves. This example shows the response of center component in the single
row. These figures have taken input levels as a parameter. The frequency range is up to
20 Hz considering the earthquake predominant‘frequencies° As is clear from Fig. 3, the
response curves have two predominant peaks that correspond o lst mode and 2nd mode patural
frequencies in the single row.

The frequency that gives the maximum response corresponding to the lst mode, varies
with input acceleration level. This is a particular phenomena in beam vibration system with
geps. There is a natural frequency which come from the relation between gaps and input
acceleration level. The peak at 3 Hz is the natural freguency for a component linear system
without the presence of collision.

The freguency at 17.5 Hz that gives the 2nd mode does rot vary with input acceleration.
In general, the same as the let wode, the 2nd mode frequency also depends on the input ac-
celeration. But, it can be considered constant value in practical application because the
Zznd mode frequency is higher than the lst mode, the displacement is small compared wich
gaps and the collision effect does not appear conspicuously.

Fig. 4 shows the change in lest mode natural frequency under sinusoidal excitation. In
Fig. 4, the difference in frequency between in-air and in-water values comes from the Fluid
forces, that is, added mass. The frequency change ratio as the cluster vibration to the
input level is the same between in-air and in-water excitation. This means the frequancy
change by collision effect is the same for the in-air and in-water conditions. The response
displacement time history by earthquake wave excitation is shown in Fig. 5 in order to show
the behavior of all components in the water. The rvesponse was measured at the top of each
component. The components move in the same phase. At the time when maximum displacement:
appears, a 3 Hz is predominant in the responze and the predominant frequency of core vessel
vibration mode is also included.

Fig. 6 shows the strain response time history of component. In Pig. 6, needless to say
this corresponds to displacement response, the 3 Hz is predominant at the lower part, a 12
Hz included in the input waveform at the middle part and the high freguency component due

to collision at the upper part.

CGrouped tests with 37 components

Vibration tests were conducted with a hexagonal section of 37 actual core fuel as—
semblies. TFig. 7 shows the change in lst mode natural freguency and the single row test
results comparison with grouped tests results in air excitation in order to except the
fluid effects. The horizontal axis of the figure means the acceleration divided by total
gaps value in the row. As is clear from Fig. 7, the change in frequenay due to input ac-
celeration is the same in the single row tests and grouped tests.

Fig. 8 shows the relation between input acceleration and components displacement. The

components vibrate in a limited area, which restricts the displacement.

Here, the displacement amplitude x at the top component, with no local deformatcion due
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to collision considered, is:

x >0 G (N + 1 ~ M)

1
*» <0 G - M (1)

where, N shows the number of components, M shows the Mth component and G shows the initial
gap. The natural frequency for component is comparatively low. Therefore when an earth-
quake occures, each component eagily displaces to the full in the gap.

In this test where input acceleration level is 400 gal, the response displacement
reaches the geometrical limit. Thus, the collision will occur between adjacent components.
The extreme components behavior is that all components lean to one side.

Component response is influenced by the following factors;

(i) Input acceleraticn (uj)

(ii) pamping ratio (hi)

(iii)Participation factor by fluid (3i)

The component displacement response xj becomes as follows,

¥ = P4, B, hy) (2)
i=s Single row tests
i =c Group tests

The response is in proportion to ﬁi and Bj.

Theretfore,

F(hg) Xg U Be
Flhg) %, o, B (3)

F(hg) and F(h,) are monotone decreasing functions. From tests results, xg and x; are
geometrical limit displacement for each test, and at that time input acceleration levels
are Ug and Us. Be and fg can be obtained from the relation of frequency between in-air and

in water excitation.

Uy = 400 gal, Ug = 800 gal
Xe = 4.9 mm, ¥y = 20.3 mm
Po = 0.43, Bg = 0.6

Substituting these value into eg. (3},

F(hg)

F(he)

= 1.48

This result means that the damping ratioc in group tests is larger than that in single row

tests under the consideration of fluid forces.

3 Discussion

For an analytical model from design standpoints, the following discussions concerning
pointg encountered on applying the tests are listed from the tests results.
(1) Vibration system with predominant frequency increasing phenomena for the components, ac-—
companying the input acceleration increase, will be expressed and modeled using the gap

elements and collision spring.
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(2) From the results in the in-air excitation and the in-water excitation, added mass due
to f£luid force is to be considered, and components interaction by fluid and collision
forces, are to be included.
(3) For stress evaluation concerning component bending, a component itself should have a
sufficient degree of freedom to allow estimating the 2nd vibration mode.
(4) For strength evaluation of c¢ollision part, the collision inpulse is to be obtained.

So, concrete expressions are;
(1) The collision parts between components are replaced by equivalent spring and damper with
initial gaps, and collision force value comes from their deformation.
(2) The fluid effect and coupling between components are replaced by fluid inertia forces.
In this manner, the treatment of fluid will be easy and it is sufficient to change the mass
matrix as required. Based on the above assumption, a computer analysis code is being

developed at present.

4 Conclusion

For aseismic design of FBR core components, vibration tests were conducted, in order to
determine their complicated behavior and summarize the process of vibration analytical
model determination.

When core component vibration in a f£luid region during an earthquake are calculated,
it is not practical to consider all components in a core cluster also with the present
numerical calculation technigues.

After studying the test results, it can be found that the single row vibration model
gives a practical representation regarding a component cluster, under the consideration of

fluid forces and damping.
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