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ABSTRACT

In recent years,

carthquakes have caused more damage to non-structural components than to

structures. Among the non-structural components, the electrical panel is one of the important devices

used to maintain the functions of the facility. Therefore, it is very important to protect the electrical

cabinet from earthquakes. Seismic performance can be improved while minimizing design changes by

applying a seismic isolation system. FPS (friction pendulum system) is an isolation system that is ca-

pable of isolating structures from earthquakes by using the properties of a pendulum. The natural

frequencies of the structures can be determined by designing the radius of curvature of the FPS. In

this study, the seismic performance of an FPS with an overturn prevention device was evaluated

through a 3-axis shaking table test. The seismic isolator was installed on an RTU panel used in hy-

droelectric power plants.
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Table 1 Description of UUT(unit under test)

Model Specification [mm] Weight
D (detail) [kg]
L | W | H &
RTU | RTU No2-1 880 | 620 | 2350 e
panel | Ry No.3-1 880 | 620 | 2350
Isolation | = Nom-overturn |55, | g5 | 110 | 373
system | seismic isolator

(b) Spring

1370

190,

480
860

=190,

! 1750 ‘

(c) Drawing of non-overturn seismic isolator

Fig. 1 Non-overturn seismic isolator
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Fig.2 RTU panel with non-overturn seismic isolator
on the shaking table
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Table 2 Seismic parameters for artificial earthquake

Name Code Sos [gl | z/h | Arexa [g] Aricn [g] Arexy [g] Arigy [g]

EQ1 KDS 0.55 1 0.88 0.66 0.36 0.14

gQy | Common application of | ¢)g 1 132 0.99 0.55 022

seismic design criteria
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Table 3 Test procedure and method

No. Test name Test method
1 Visual inspection
2 Fqncthn On-off-on test
verification
Resonant pr—leve_l ar_nphtl_lde(0.0S 2)
3 frequency single-axis sinusoidal sweep
search (0.5~50.0) Hz, 2 octave/min.
X, Y, Z axis independently
Seismic Time duration 30 s,
4 simulation strong motion 20's, 0.5 Hz~ 50 Hz
EQl damping ration 5 %, triaxial test
5 Visual inspection
6 Fqncthn On-off-on test
verification
Seismic Time duration 30s,
7 simulation strong motion 20's, 0.5 Hz~ 50 Hz
EQ2 damping ration 5 %, triaxial test
8 Fqncthn On-off-on test
verification
9 Visual inspection
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Table 4 Results of resonance frequency search tests E
€ 0
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Sensor Lt §_15 i
location Direction resonance 2 30 Lnd 26 | ‘ | |
frequency [Hz] 0 5 10 15 20 25 30 35
. . Time [sec]
Side to side (X) 1.125
A4 (b) EQ2
binct ¢ Front to back (Y) 1.125 . .
(cabinet top) Fig. 6 Relative displacement responses between cab-
Vertical (Z) 21.88 inet top and bottom
Side to side (X) 1.125
N Table 5 Maximum relative displacement
3 Front to back (Y) 1.125
(power supply)
Vertical (2) 11.25 Tnput Max. relative disp. (mm) Allowable
motion criteria (mm)
Side to side (X) 1.125 X Y
( Ao ) Front to back (Y) 1125 EQI 3 7
relay 75
Vertical (Z) 21.88 EQ2 5 26
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Table 6 Ratio of maximum response acceleration

T o Sensor No.
motion 1

A3 A4 AS A6
X 0.23 0.10 0.13 0.19
EQl Y 0.15 0.14 0.22 0.21
V4 0.16 0.14 0.44 0.16
X 0.69 0.16 0.27 0.64
EQ2 Y 0.49 0.41 0.38 0.67
Z 0.26 0.12 0.29 0.30

Table 7 Maximum value of fa(i) at ZPA

T o Sensor No.
motion 1

A2 A3 A4 AS A6
X 0.15 | 032 | 029 | 023 | 0.17
EQl Y 024 | 0.17 | 027 | 024 | 0.17
V4 0.11 | 0.12 | 0.16 | 032 | 0.11
X 054 | 072 | 0.72 | 029 | 0.22
EQ2 Y 0.60 | 0.54 | 0.53 | 040 | 0.25
V4 0.19 | 036 | 032 | 029 | 0.14
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