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ABSTRACT

It is often necessary to predict the vibration patterns of the structures from the signals of finite

number of vibration sensors. This study presents the optimal placement of vibration sensors by ap-

plying the genetic algorithm and the modal expansion method. The modal expansion method is used

to estimate the vibration response of the whole structure. The genetic algorithm is used to estimate

the optimal placement of vibration sensors. Optimal sensor placement can be obtained so that the fit-

ness function is minimized in the genetic algorithm. This paper discusses the comparison of the per-

formances of two types of fitness functions, modal assurance criteria(MAC) and condition num-

ber(CN). As a result, the estimation using MAC shows better performance than using CN.
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Fig. 2 FE model of T-shaped structure
Fig. 3 10 sensor placements using MAC
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Fig. 4 10 sensor placements using CN
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using MAC using 10 sensors and 10 modes

Fig. 8 Vibration pattern at 200 Hz obtained by MEM
Fig. 9 Vibration pattern at 200 Hz obtained by MEM

Fig.7 Vibration pattern at
MSC.Nastran
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Fig. 10 Vibration pattern at 500 Hz obtained by
MSC.Nastran

Fig. 11 Vibration pattern at 500 Hz obtained by
MEM using MAC using 20 sensors and 20
modes

Fig. 12 Vibration pattern at 500 Hz obtained by
MEM using CN using 20 sensors and 20
modes
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Fig. 13 Error of 3rd MPF of each result using 10
sensors and 10 modes
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Fig. 14 Error of 3rd MPF of each result using 20
sensors and 20 modes
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result using 20 sensors and 20 modes

10%,
f
Sl
£10' 1
= ;
S I
©
§ 10°
Q I
ol
10",
o] 50 100 150 200 250
Frequency[Hz]

Fig. 19 Acceleration response of each result using 10
sensors and 10 modes

Acceleration[m/sz]

o] Sb 100 150 200 250
Frequency[Hz]

Fig. 20 Acceleration response of each result using 20
sensors and 20 modes

Aitskd Qxke] AlwHAS AlskehH Table 29} 2t}

FError ., = n LEIEM'OTW (w) )
o714 Error,,,, < AA FI¢ d9e] B T]o=
o) Ashe AFdE oAle WE M Fus

& vepa.

Table 25 HWH AAe} 2= 7 0]
A5 REAWASE o83 Zlo] 0297 TS
AHEE 0435} 2 5

=
N
N
-
N
[
(=]
N
==
o,



Byung-Kyoo Jung et al.; Selection of Fitness Function of Genetic Algorithm for Optimal Sensor Placement for ...

US| =

o ol B

M2t fo (oo A fU oo o

N

tlo o o

Table 2 Error,,, at each MEM o] ERXNE vy FREJ sl AFE )
10 sensors & modes 20 sensors & modes ?\izl ?l', ‘—4’% ‘i!lﬁ"ﬂ' :FLZZ%OH ‘:H3H’HE ;51%’% 3]]
MAC 0.29 MAC 0.18 2o FERE AESES dS5sked o &
CN 0.43 CN 0.56 & ARE 9E T A FoE 7|gHrh
% 7]

o] =i 20159% A Adow o
FTATAGY] AdE ol FAE 7| E2ATAEY
(N0.2014R1A1A2054372).

References

(1) Jung, E. I, Chun, D. H. and No, S. H., 2006,
Indirect Force Identification of Air-jet Weaving Machine

a4 == AL B 5 9y
! 1= nmom T A o Infrequency Domain, Proceedings of the KSNVE Annual
oo wew, FxE| UFgHe FAstL A .
WA Z7h BEste] wE Ao thahe] 21%-SThS Spring Conference, pp. 238~241.
;‘ TE T_;:O - H/\L ) o)\o “_LOOO ‘_ji () Lee, J. K., Yeo, S. D. and Bang, J. H., 1994, A
AslA| Fol= = REAY = FHAa . . .
gatA L:]—L j_{oﬂ: Oohﬁ]—'—i s A Technique to Identify the Structure Borne Noise Sources
e F2 AF)S 3 o A=)
she o ARdTE o w4 daEEeRn Related to Structure Vibration using Response Signals,
3l ol = = 3| SO )
Aol AMIAE Ao, 1 AR SHoR BE Proceedings of the KSNVE Annual Autumn Conference,
AHE S vt dike FERE A gk pp. 160~164.
oS A5 £ A R et (3) Song, M. K., Lee, S. K. and Seo, S. H., 2008,
Structural Modification for Noise Reduction of the
4. 4 E Blower Case in a Fuel Cell Passenger Car Based on the
CAE Technology, Transactions of the Korean Society
o] R rrdAHorn JxE xSt for Noise and Vibration Engineering, Vol. 18, No. 9,
dZa7] 919 HA) AN Ee AN pp 972981
HAA AAuR dHogEe $A4x dugSL o (4) Lee, H. W., Ryu, S. M., Jeong, W. B., Han, H.
A1, A dugSe AHaerr 3 WA S. and Ahn, J. W, 20.10., Force Idf:ntif{cation of Rot.ary
REARATE HadslE 35, F HARE 2 Compres.sor and Prediction of V.1brat10n on .a Pipe,
>z g o2 o|gaiou 7 Adte Tr.ansa.ctlons ,Of t.he Ko:ean Society for Noise and
AL3 9 SmESon A o2 At Vibration Engineering, Vol. 20. No. 10, pp. 953~?59.‘
9 Ao AESTS o fake] mESAN Azt %) ;Iung,., B. K. and Jeong, W. B, 201.1,.Est1mat10n
B _ _ _ of Vibration Source and Sound Radiation of a
QarE HlasE 2y, ReidaAel] e Ha . . .
e e ,;(]50 s olgdt o] Al Refrigerator Fan by wusing Measured Acceleration
R 5 orro 5
o= o - = o Z]H = e ])\ i Signals, Transactions of the Korean Society for Noise
=h=t 7yz Al A s . . . .
st A7k 22 107) < 0.29, i_ig} and Vibration Engineering, Vol. 21, No. 9, pp. 834~841.
Mzt Z2E 2078 o w0182 AL AFE 7F (6) Kim, B. K. and Ih, J. G., 1995, Reconstruction of
= S H 2 A1 2= 5
= A w T AU wEA REgRA e 3 Vibroacoustic Field from the Measured Pressures Using
Hasbehs AIM9A9] HssHeR HESY the Boundary Element Method, Proceedings of the
t FxE JEsHS 7P & d5¥ 4 1 KSNVE Annual Autumn Conference, pp. 50~55.
Ao ® 7ttt (7) Shin, M. C. and Wang, S. M., 2006, Comparison

Trans. Korean Soc. Noise Vib. Eng., 25(10) : 677~684, 2015 | 683



Byung-Kyoo Jung et al.; Selection of Fitness Function of Genetic Algorithm for Optimal Sensor Placement for ...

of Various Methods to Obtain Structural Vibration for

Vibro-acoustic Noise, Proceedings of the KSNVE
Annual Autumn Conference, pp. 570~574.
(8) Jung, B. K. and Jeong, W. B. 2011,

Identification of Vibration-field of a Compressor by us-
ing Modal of the
KSNVE Annual Autumn Conference, pp. 635~636.

(9) Jung, B. K. and Jeong, W. B., 2012, Estimation
of Vibration and Radiated Noise of a Compressor by

Expansion Method, Proceedings

using Modal Expansion Method, Proceedings of the
KSNVE Annual Spring Conference, pp. 554~555.

(10) Jung, B. K. and Jeong, W. B., 2014, Estimation
of Vibration Field of a Cylindrical Structure Derived by
Optimal Sensor Placement Methods, Transactions of the
Korean Society for Noise and Vibration Engineering,
Vol. 24, No. 5, pp. 381~389.

(11) Zbigniew, M. (1996). Genetic Algorithm+Data
Structure=Evolution Programs, Springer, ISBN 354-06-
06769.

KyeongWon Bae received B.S.
degrees from in Pusan National
University in 2014 and he is cur-
rently majoring in noise and vi-
bration in Pusan National University.
He especially is interested in

Modal Expansion Method.

684 | Trans. Korean Soc. Noise Vib. Eng., 25(10) : 677~684, 2015

Byungkyoo Jung is received B.S.
and M.S.
National University in 2010 and
2012. He is Ph.D. student of the

School of Mechanical Engineering

degrees from Pusan

-
-

"7k

of finite/boundary element analysis of noise and vi-

in Pusan National University. His

research interests are in the area

bration and fluid-structure interactions.

Weuibong Jeong received B.S.
and M.S. degrees
National University in 1978 and
from KAIST in 1980, respectively.
He then received his Ph.D. degree
from Tokyo Institute of Technology

in 1990. Dr. Jeong is currently a

from Seoul

professor at the department of mechanical engineer-
ing at Pusan National University in Busan, Korea.
His research interests are in the area of the measure-
ment and signal processing, finite/boundary element
analysis of noise and vibration, fluid-structure inter-

actions and acoustic-structure interactions.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Batang
  ]
  /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 true
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


