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Abstract: This paper is a study on frequency analysis and electronic noise reduction of energy storage system (ESS). We
acquired 4 necessary data for about 2 minutes and 4 seconds using a sampling frequency of 10,000 Hz in ESS. Fast Fourier
transform (FFT) was used for electronic noise analysis from the acquired data. As a result, it was confirmed that DC component,
fundamental wave, second and higher harmonic component exist. For the attenuation of harmonics, low-pass filter (LPF) was
applied. We confirmed that an attenuation of approximately 59.3% appears from the second harmonic. The presence of many
harmonic components in the data of the ESS was expected to occur due to the insufficiency of optimization among the modules

inside the ESS. Therefore, we propose that a national certification system for ESS should be introduced to settle down the issue

properly.
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Fig. 1. Characteristic curves of low pass filter (f. = 90 Hz).
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Table 1. Specifications of the ESS.

Item Specification
Battery capacity 275 kWh
PCS capacity 80 kW

Capacity of solar modules About 100 kW

temperature
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temperature module comm. 7|
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Fig. 2. 4 Checkpoints of ESS.
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Fig. 3. Voltage and current measurement using dewetron’s data acquisition system.
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Fig. 4. Low data of checkpoint U1, U2, U3 and U4. (a) Checkpoint U1, (b) checkpoint U2, (c) checkpoint U3, (d) and checkpoint U4.
Table 2. Spectral magnitude by peak frequency in Ul.

Freq. 0.01667 60.02 120.1 180.1 240.1 300.1 360.1 420.1 480.1
Magn. of (b) 0.2313 49.5 3.576 2.079 0.6778 1.431 0.5605 2.985 0.3298
Magn. of (¢) 0.2232 40.83 2.105 0.9133 0.3093 0.3746 0.1336 0.6092 0.0584

Decay rate 35 17.5 41.1 56.1 54.4 73.8 76.2 79.6 82.3
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Fig. 5. Graph at checkpoint Ul. (a) Time domain data at U1, (b)
spectrum of Ul data, and (c) spectrum of filtered U1 data.
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Fig. 6. Graph at checkpoint U2. (a) Time domain data at U2, (b)
spectrum of U2 data, and (c) spectrum of filtered U2 data.
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Table 3. Spectral magnitude by peak frequency in U2.
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Freq. 0.0 60 120 180

240 300 360 420 480

Magn. of (b) 1.555 4807 0 25.2

0 15.57 0 23.57 0

Magn. of (c) 1.555 3965 0 10.86

0 4.666 0 4.9 0

Decay rate 0 17.516 0 56.9

0 790.3 0 79.2 0
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Fig. 7. Graph of checkpoint U3. (a) Time domain data at U3, (b)
spectrum of U3 data, and (c) spectrum of filtered U3 data.
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Table 4. Spectral magnitude by peak frequency in U3.
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Freq. 0.0 60.004 120.0 180.1

240.1 300.1 360.1 420.1 480.1

Magn. of (b) 1.802 5.949 1.25 0.3703

0.3725 0.06458 0.1677 0.3212 0.1325

Magn. of (c) 1.802 4.907 0.7628 0.1575

0.1146 0.01637 0.04097 0.06572 0.02499

Decay rate 0.0 17.5 39.0 57.5

69.2 74.7 75.6 79.5 81.1
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Fig. 8. Graph of checkpoint U4. (a) Time domain data at U4, (b)
spectrum of U4 data, and (c) spectrum of filtered U4 data.
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Fig. 9. Spectrum near 60 Hz at checkpoint U4.

3. 42
43:9) 2 ZAEAA 5 s
At cpo] nant o] EAIaHe 2elstach. o] MY
ESSll zu} o] Exficts 21e BSSO| @ 5Ake
22 obaf WA U Aoj T SAlo] FohS Lo YU
o] & % 9ick.
§H A AEA AR Dato] b2 Y ED 7]
© 2 3XK180 Hz), 5AK300 Hz), 7AH420 Hz)c}. o4
A A2 LOIE UL, U3 2 UdollA] o] i3t 15}
o] ZA4ZE BAAsHTE. BE o2l 715 BSS Al
| st A gshs e Felsolx] ot A4z

%)

roh > ox Hr MM

m9 £ 08 [ oax

l:l

ok>

AAFOI A= DC Aio] 52 A= uhylo] glof
ok ESSOlA &= Z17ke] U3t w5 o] g uld 4 9l
o1 erof o

Do)

17]
thal e ofof] ESS W wxam Al B
gt =3t chalo] £45] nfRiE] ojof gt
247k0] A 2 LI E o A] Aoj7l Elo|E]of LPFE &85
u}, 2xF A A 0H= A A E0] 36.6%0] 1L 3K} 1L 2 TH= 66.9%
oty 1A} T xm}ol 74 7Hajgo| L At vt £ O
o] st A tfj o] G7FE- LPFU 7|21} 60 Hz

-

P} FA Fipe @12 O i 542 2 BHE
AT O 2 nEL A £3E 2L 4 9L ol
Z2H o2 ESS YR 2} nEo] 52 thof R A



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 35, No. 6, pp. 568-575 November 2022: Ahn et al.

Table 5. Spectral magnitude by peak frequency in U4.

575

Freq. 0.01667 59.98 119.9 180.1 240.1 300.1 360.1 420.1 480.1
Magn. of (b) 0.5432 13.72 1.5 0.3291 0.383 0.3421 0.246 0.6355 0.2052
Magn. of (¢) 0.5478 11.32 0.9516 0.1089 0.1364 0.09086 0.05715 0.1476 0.03765

Decay rate -0.8 17.5 36.6 66.9 64.4 73.4 76.8 76.8 81.7
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