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Experimental Investigation of Vibration Characteristics Induced by Decrease
in Axial Preload in the Core Support Barrel of a Nuclear Reactor
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ABSTRACT
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Neutron noise analysis is widely used to monitor the structural integrity of nuclear reactor

.
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internals by leveraging the neutron attenuation effects associated with the cantilever bending motion
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reactor internals as operational time progresses is critical to ensuring accurate surveillance and diagnosis
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of the core support barrel. Spectral analysis of ex-core neutron detector signals indicates that a
decrease in axial preload is typically reflected as a shift in resonance frequency within the cantilever

bending mode. Monitoring both the resonance frequency and amplitude is thus essential for effective

surveillance and diagnostic procedures. In practice, however, clearly identifying the resonance
frequency can be challenging, as the normalized root-mean-square value within the low-frequency
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band gradually increases with operational time. Consequently, understanding the dynamic behavior of
under current operational conditions. In this study, an experimental investigation was conducted to
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examine the changes in vibration characteristics induced by a reduction in axial preload in the core
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support barrel, with the aim of identifying trends in resonance frequency variation.
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Fig.3 1/4 scaled-down testbed for an investigation of
a variation of dynamic characteristics with axial
preload decrease at CSB boundary
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Fig. 6 Test configuration of accelerometers, a shaker
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Fig. 7 Test setup for axial preload degradation at the
scaled down testbed by loosening bolt

e TRI7IE
sensor)E A4 0}04
b e =
HAEH= Lﬂ;q ]Oi],] A A sFEA = A
H EBE /5 2t BE BEVF 948 B
A2 AAE 495 AFE= 7Hgsta = A4AAE
A& AABIL Y= AZEES] s FolWA A
AYS AsIAIFLE 7 GAE 47109 BEES AA
5o, F oA S HASIIT Fig. 7(a)&
4708 AZEEE A Lol Fig. 7(b):= 2471
o AAEES AAS BES YERY AL 9l
4de 2 7 AstdAd A Y] AR EAH
=5 Y8 2 A (modal test)S S33}7]
=] A1 Fig. 83} Table 194 Argatar

o

AAJetar ko] 3 AlA(forece
A

rsL' E
rsL'

[e)
¢
A

e e ©

13
=

TE

A=d

g 2 kSRS 4L Fig 83 ol
SiemensAt2] SCADAS Mobile AZ71¢ 45 2 &
A5 A8 4823320 Simcenter TestlabS AHE-
a AEZES 98 PCBALY 8Ald FZ7] 2ujet
448 SE7) 2tlE o] &3tk Aol AHEE 7
9 ASA| 22E-L Table 13} 2t} 7H17]6 98] =4
A A F Al 7Fel 7h 82 Fig. 99F o] 44 A9

¥0, o
Lo m o2
)

2



Byunyoung Chung et al.; Experimental Investigation of Vibration Characteristics Induced by Decrease in Axial ...

DAQ
(Siemens SCADAS Mobile)
TR Shaker
1 < (2060E)

Force transducer
(288D01)

Accelerometer
PCB 607A11, 24 EA
~i ( )

Amplifier
(PCB 482C05, 483C05)

Fig. 8 Measurement configuration for modal test

Table 1 Measurement system configuration

Description Model
DAQ Siemens SCADAS mobile
Amplifier PCB 482C05, 483C05
Shaker The modal shop shaker 2060E

Force sensor

(impedence head) 288D01
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Fig. 10 Coherence in accordance with the number of
loose bolts(at the accelerometer mounted at
BTM. 0deg. of CSB, Acc. No. 1)

Table 2 Coherence values of 1st bending resonance
frequencies in accordance with the number
of loose bolts(at the accelerometer mounted
at BTM. 0 deg. in CSB, Acc. No. 1)

The number of
loose bolts CEaEmes
0 0.962
4 0.957
8 0.955
12 0.979
16 0.922
20 0.975
24 0.934
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(b) Depicted by
nodes and lines

(a) Depicted by
real shape

Fig. 11 1st bending mode shape of CSB
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with the number of loose bolts(at the accel-
erometer mounted at BTM. 0deg. of CSB,

Acc. No. 1)
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Table 3 Coherence values of 1st bending resonance
frequencies in accordance with the number
of loose bolts(at the accelerometer mounted
at BTM. 0 deg. in CSB, Acc. No. 1)

The number of Frequency reduction
loose bolts [%]
0 0
4 1.3
8 33
12 44
16 7.4
20 15.7
24 36.2
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Fig. 13 Frequency reduction in accordance with the
number of loose bolts
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