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Abstract

The vibration characteristics of Ulchin 3 reactor internals and the natural vibration
modes of the fuel assembly have been extracted through reactor noise analysis by



using the ex—core and in—core neutron signals which are close to each other. As a
result, the fundamental bending mode frequency of the reactor internal structure is
found to be around 8 Hz and the fundamental shell mode frequency 14.5 Hz,
respectively. It is also shown that the fundamental bending mode frequency of the
fuel assembly is 2.3 Hz and the 2" bending mode frequency 5.8 Hz, respectively.
These results can be used for the supplements of the Korean standard PWR’'s
CVAP (Comprehensive Vibration Assessment Program) data.

1. Introduction

In order to verify the structural integrity of the reactor internals(see Figure 1),
which are always suffering from flow—induced vibration due to the reactor coolant
circulating in the primary system pressure boundary, a CVAP (Comprehensive
Vibration Assessment Program) should be implemented in case of new or modified
design!™! before the commercial operation of the plant. The CVAP consisting of
three individual programs (analysis, measurement and inspection) had been partly
performed for the first time in Yonggwang unit 3 which is the first Korean standard
PWRM. In the analysis program, the vibration characteristics of the reactor
internal structures had been predicted, and validated in the measurement program.
However, they had not been fully confirmed due to the very simplified structural
model in the analysis program and using the limited number of vibration sensors in
the measurement program.

In this study the reactor internals’ vibration characteristics are extracted by using
reactor noise analysis to confirm the results of the CVAP. It is well known that the
ex—core neutron noise can give the information on the vibration of the reactor
internals such as the core support barrel assembly and nuclear fuel bundles™. The
axial vibration modes of the fuel bundle are also being identified measuring both

ex—core and in—core neutron noise signals, simultaneously.
2. Reactor Noise Analysis

The reactor noise analysis has been performed by using the ex—core and the in—
core neutron signals to verify the analyzed vibration characteristics of the reactor
internals and to identify the nuclear fuel assembly of Ulchin 3 reactor. The detailed
measurement locations of the ex—core and the in—core neutron detectors are
illustrated in Figure 2 and Figure 3. In total twelve ex—core neutron detectors are



located around the reactor pressure vessel and they are installed at three different
levels (upper, middle, and lower) with four detectors per level in case of the plant.
These four sensors on the same level are 90 degrees apart circumferentially. The
in—core neutron detectors are installed in the middle of the fuel bundle, where five
elements per detector are axially distributed.

The real time mode separation algorithm was applied to obtain the power spectral
density functions corresponding to the reactor internals’ natural vibration modes.
The details of the real time mode separation algorithm is described in the reference
[3]. According to the algorithm, it can be assumed that the vibratory motion of the
reactor internals be modeled as the linear combination of four independent eigen
modes such as global, 1°* beam, 2" beam, and shell modes as shown in Figure 4,
where the global mode is to reflect random noise signal effects which are embedded
in the raw signal and thus showing in—phase in all directions.

Figure 5 shows the mode separated PSD (power spectral density) functions
obtained from the upper and Ilower level ex—core neutron noise signals,
respectively. It has been found that there exist three distinctive peaks in each PSD
which reveals that the 1% beam mode frequency of the internals is 7.5 Hz and the
beam 2" mode 8.5 Hz, and the fundamental shell mode 14.5 Hz. They are in good
agreement with the analysis results which are referred to [4].

In addition, the in—core neutron noise signhals have been measured and analyzed
with the ex—core neutron signals in order to identify the fuel bundle natural
vibration modes. As shown in Figure 2 and Figure 3, the ex—core detector ‘D’ was
chosen to be a reference point for computing cross PSDs and coherence functions.
Figure 6 shows the auto PSDs of the signals corresponding to the ‘38—2’ and ‘38—
5’ in—core neutron elements including the ‘D’ ex—core neutron detector and Figure
7 demonstrates the coherence functions between the two in—core neutron signals
and the ‘D’ ex—core neutron signal (reference). Here, it is found that there are two
distinctive peak frequencies, that is, 2.3 Hz and 5.8 Hz in which the in—core and
ex—core signals are highly coherent. The phase relationships between the in—core
and the ex—core neutron signals at the frequencies are also appearing in cross
PSDs shown in Figure 8. The phase at 2.3 Hz is O degrees, and it is 180 degrees at
5.8 Hz. This means that the upper and the lower part motions of the fuel bundle at
2.3 Hz are supposed to be in—phase between each other, and those at 5.8 Hz to be
out—of—phase. Thus it can be concluded that the 1st bending mode frequency of



the fuel bundle (assembly) becomes 2.3 Hz and the 2nd bending mode frequency
5.8 Hz as shown in Figure 9.

3. Conclusion

The vibration characteristics of Ulchin 3 reactor internals have been extracted
through the reactor noise analyses by using ex—core neutron signals. And the
natural vibration modes of the fuel assembly have been identified using the ex—core
neutron and the in—core neutron noise signals altogether.

As a result, the fundamental bending mode frequency of the reactor internal
structure is found to be 8 Hz and the fundamental shell mode frequency 14.5 Hz,
respectively. It is also shown that the fundamental bending mode frequency of the
fuel assembly is 2.3 Hz and the 2" bending mode frequency 5.8 Hz, respectively.
These measurement data are in good agreement with the analyses’ results which
are performed for Yonggwang 3 reactor whose geometry is the same as Ulchin’s.
These results can be used for the supplements of the Korean standard PWR’'s
CVAP (Comprehensive Vibration Assessment Program) data.
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Figure 1 Section View of Reactor Internals Internals
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Figure 2 Top View of Reactor Core with Neutron Detectors
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Figure 3 Side View of Reactor Core with Neutron Detectors
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Figure 4 Eigen Modes of Core Support barrel
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Figure 5 Mode Separated PSDs of Reactor Internal Structure
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Figure 6 Auto PSDs of Neutron Detector Signals
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Figure 7 Coherence Functions of Neutron Detector Signals
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Figure 8 Cross PSDs of Neutron Detector Signals
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Figure 9 Expected Mode Shapes of Fuel Bundle
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