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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
mgee
temperature module comm. Tl

CAN Channels
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Fig. 3. Voltage and current measurement using dewetron’s data acquisition system.

400

(@) (b)

uz[v]

Number of data
-400
Number of data

© (d)

30

= s )
3 QH 3
i EEEFTREE FEEREERFEREETTE
- EARARAAANERIHNSERRATEEES

25 E
Mumber of data Number of data

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 U1.

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 (c) 0.2232 40.83 2.105 0.9133 0.3093 0.3746 0.1336 0.6092 0.0584

Decay rate 3.5 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 Ul, (b)
spectrum of U1 data, and (c) spectrum of filtered U1 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 0 252

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.

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

(2)
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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.
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Table 5. Spectral magnitude by peak frequency in U4.

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
o Tt oo $i WIS A1Eslo] 0} T BE Yo LAl 2
Wash Zuts 4 HOH AL Shoh ESS oA 2y
she xS AEs] AAY 4 900, o] S5 BTl 2 A7 A RarA o] 2020 “ESS AAL Lo o
AASHA ESSE 9 4 A= Aol H AR A] D RADAI AR JE” 2pA| ALy o] ofsh A
ESSO] 2g ARAts ZE9 et £4 Holgs dHUNS
ESS SI (system integration) @Aof Alg-sfiof s, o]

2 £4] ESSO] 8.5 740] £|415} E|ojofar Zo]c},
T 543] BSS Uo] mE 34 Hatet uEi uE
Al u] 2|Hste WAl & gl 2xlo] i3t MY A
o] & & Q= ESS 915 A =7} uj2is|ojof st}

Me

ORCID

Bong Man Ahn https://orcid.org/0000-0001-7460-3742

(1]
(2]

(3]

(4]

(5]

(6]

REFERENCES

Energy Storage, https://en.wikipedia.org/wiki/Energy_storage.
B. W. Lee, A Study on the Analysis and Solution of ESS System
Fire Cause, Hanyang Univ., Master’s thesis, 2020.

D. Y. Kim, An Estimation on Radiation Noise Produced by
Conducted Noise, Nat’l Korea maritime & ocean univ., Master's
thesis, 2004.

A. V. Oppenheim, A. S. Willsky, and S. Hamid Nawab, Signals
& Systems (Prentice-Hall, 1996).

P. Kim and L. Huh, Kalman Filter for Beginners: With MATLAB
Examples, (Corpus ID: 0431340, 2011).

A. V. Oppenheim, R. W. Schafer, Discrete-Time Signal Processing
3/e, (Prentice Hall, 2011)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


