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ABSTRACT

In this study, shaking table tests were conducted for the molded transformers used in hydropower

plants. To implement the actual site conditions, the anchor bolt was installed and secured to the con-

crete slab with the load cell installed in the anchorage to observe and analyze the load generated by

seismic on the anchor. The sine sweep waveform was applied in a short direction to determine the

unique frequency of the sample. Moreover, the seismic waves in these shaking table tests were ap-
plied to artificial earthquakes (4 stages) that met the ICC-ES AC156 conditions and based on Pohang
and Kyungju earthquakes. The results of the experiment show that there was no functional damage

to the molded transformer. However, structural damage occurred after the Kyungju and Pohang earth-

quakes condition. The vibration transmission function of the lower frame was the highest, while for

the uppermost frame was the lowest. Additionally, large relative displacement between the upper and

lower parts caused by non-linear behavior of the lower frame may result in a collision or impact

damage with the surrounding device or equipment.
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Fig. 1 Molded transformer specifications

Table 1 Tested specimen specifications

. Dimensions (mm) Weight
Specimen - : K
Length Width Height (kg)
Modeled 1650 1000 1785 3404
transformer
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Fig. 2 Sensor location

Table 2 Seismic parameters for generating artificial seismic acceleration time history

Amplification of artificial

carthquake [%] Code Sps z/h AFLEXH ARriG.H Afiexv | Arig-v
50 - 0.275 1 0.44 0.33 0.18 0.07
100 KDS 0.55 1 0.88 0.66 0.36 0.14
125 - 0.688 1 1.10 0.83 0.45 0.18
150 Common application of seismic 0.825 1 132 0.99 055 022

design criteria
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Fig. 4 Artificial seismic acceleration time history and
response spectrum
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Fig. 5 Recorded seismic acceleration time history and
response spectra for Kyungju and Pohang
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Table 3 Shaking table tests procedure

No. Test name Remarks
1 Inspection Visual inspection
2 Function verification Voltage check(on-off-on)

Sinusoidal sweep,

3 | Resonance search test #1 | 2 Otc./min., 1 Hz — 50 Hz,

0.05g
4 Kyungju (USN) Tri-axial testing
5 Function verification Voltage check(on-off-on)
6 Pohang (PHA2) Tri-axial testing
7 Function verification Voltage check(on-off-on)
8 Inspection Visual inspection

Sinusoidal sweep,
2 Otc./min., 1 Hz — 50 Hz,
0.05¢g

9 | Resonance search test #2

Multi-frequency seismic
simulation tests, tri-axial

11 |Artificial earthquake 100 % testing,
12 |Artificial earthquake 125%|  time duration 30s,
strong motion time duration

13 |Artificial earthquake 150 % 20s

10 | Artificial earthquake 50 %

14 Inspection Visual inspection

15 Function verification Voltage check(on-off-on)

Table 4 Shaking table specification

Category Specification
Size 4m x 4m
Maximum payload 30 ton
Frequency range 0.1 Hz ~ 60 Hz

Horizontal : + 300 mm, + 200 mm

Maximum stroke Vertical : + 150 mm

Max. acceleration + 3 g (bare table condition)
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Table 5 Molded transformer damage classification

Record seismic

Artificial seismic (AC156)

Test sequence

Kyungju Pohang 50 %

100 % 125 % 150 %

Remarks - - -

Figure - - -

Dropped bolts and washer

Dropped component
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Table 6 Results of the resonance search test
Natural frequency, df = 0.25 Hz Natural frequency, df = 0.25 Hz
Case | Sensor location Case | Sensor location
Axis direction Results Axis direction Results
X 7.50 Hz X 7.25 Hz
Bottom frame Bottom frame
(A2) Y 15.50 Hz (A2) Y 15.50 Hz
V4 25.00 Hz zZ 24.50 Hz
X 7.75 Hz X 7.25Hz
Center Center
(A3) Y 3.00 Hz (A3) Y 2.75Hz
Z 25.00 Hz zZ 24.50 Hz
#1 #2
X 7.75 Hz X 7.25 Hz
Top of center Top of center
(A4) Y 3.00 Hz (A4) Y 2.75Hz
Z 25.00 Hz Z 24.50 Hz
X 7.75 Hz X 7.25 Hz
Top frame Top frame
(A5) Y 3.00 Hz (A5) Y 2.75Hz
zZ 25.00 Hz V4 24.50 Hz
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