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ABSTRACT

Past earthquake events have shown that seismic damage to electrical power systems in nuclear pow-
er plants can cause both serious economic losses and operational problems. In this study, to assess the
integrity of electrical power systems at nuclear plant plants, seismic tests of a battery charger (B/C)
were conducted using the shanking table under three conditions, specifically low frequency, high fre-
quency, and a combination of low and high frequencies. Accelerometers were installed both inside and
outside the test cabinet to evaluate the dynamic characteristics of the B/C. The peak accelerations and
amplification factors by transfer function occurring both inside and outside the cabinet, depending on
input motion, were evaluated and compared. In addition, relay chatter during the seismic test was
checked by reference to the relay output signal.
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ziouuy Longltudme_xl aqd Vertical direction
transverse direction
UHS 0.293 0.366
R.G 1.60 0.330 0.293
CRS 0.380 0.380
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Table 3 Seismic test sequence

: No. Earthquake Remarks
motion
1 Modal test | Resonant frequency check (X, Y, Z)

2 SSE UHS longitudinal direction
3 | Modal test Resonant frequency check (X)

. 4 SSE UHS transverse direction
(a) Structural response (b) In-cabinet response 5 | Modal test Resonant frequency check (Y)

Fig. 3 Location of installed accelerometers 6 SSE UHS vertical direction

7 | Modal test Resonant frequency check (Z)
1 8 SSE R. G 1.60 longitudinal direction
\;9 05 ] 9 | Modal test Resonant frequency check (X)
2 1 10 SSE R. G 1.60 transverse direction
’E 0__ 11 | Modal test Resonant frequency check (Y)

§ -0.5 12 SSE R. G 1.60 vertical direction
< 1 | ! ! ! ! ! ! ! 13 | Modal test Resonant frequency check (Z)

0 10 20 30 40 14 SSE CRS longitudinal direction
Time (sec) 15 | Modal test Resonant frequency check (X)

(2) Uniform hazard spectrum (UHS) 16 SSE CRS transverse direction
17 | Modal test Resonant frequency check (Y)

17 18 SSE CRS vertical direction

0.5 | ‘ 19 | Modal test Resonant frequency check (Z)
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(c) Combined response spectrum (CRS)

Fig. 4 Acceleration time history in longitudinal direc-
tion Fig.5 Seismic test
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Table 4 Summary of resonant frequency test

Py Resonant frequency (Hz)
X Y zZ
A2 N/A 29.25 N/A
A3 12.25 29.25 N/A
A4 12.50 29.25 N/A
AS 12.50 29.25 N/A
A6 12.50 29.25 N/A
A7 12.50 29.25 53.50
A8 12.50 29.25 N/A
A9 12.50 29.25 N/A
Al10 39.00 16.50 N/A
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Fig. 8 Acceleration response spectrum of seismic test
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Table 5 Summary of amplification factor

Peak acceleration Transfer function
No. UHS R.G 1.60 CRS UHS R.G 1.60 CRS
X Y V4 X Y V4 X Y X Y 4 X Y 4 X Y Z
A2 |1.03 121092 |1.16|1.03|1.00|0.99|1.06 | 096 | 1.15|1.23|1.29 | 1.40 | 1.40 | 1.14 | 1.35 | 1.28 | 1.06
A3 | 131|116 [ 091 | 126 | 1.11 | 0.98 | 1.04 | 1.45 | 1.00 | 2.59 | 2.36 | 1.45 | 2.79 | 3.20 | 1.11 | 2.82 | 3.14 | 1.16
A4 | 214 |120(095|144|1.10| 1.01 | 1.80 | 1.20 | 0.97 | 5.04 | 2.52 | 1.58 | 5.18 | 2.09 | 1.17 | 540 | 2.28 | 1.10
A5 268 |133(097|1.66|1.10|1.01|237|138|1.01|7.00|4.16 | 1.54|7.12 |4.73 | 1.13 | 743 |3.86 | 1.19
A6 | 291 | 130096 |2.05]|1.06|1.01|258|1.35|0.96|847|4.69 | 1.60 |8.65|3.88|1.12|8.89 |394|1.16
A7 | 1.18 | 259 | 1.53 | 1.19 | 1.45| 1.28 | 1.24 | 3.01 | 1.39 | 4.75 | 14.54|11.57| 5.10 |10.33| 7.37 | 4.50 |11.93| 6.74
A8 | 213|117 (099|140 |1.30|095|1.63|1.47|1.04|4.78|872| 150|504 |7.18|1.24|5.17 |837|1.19
A9 228|194 |1.01 | 154 |1.62 094|214 | 147 |1.02|6.18 |2550| 1.54 | 6.43 |24.51| 1.33 | 6.58 |21.86| 1.39
A10 | 281 |1.14 | 1.06 | 1.79 | 1.10 | 1.10 | 2.42 | 1.34 | 1.01 | 8.03 | 4.20 | 1.84 | 8.20 | 3.89 | 1.27 | 8.41 | 4.19 | 2.69
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