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A Study on the Effect of Running Vibration Caused by Suspension Stiffness Changes

of Subway Vehicles
ShebAC ) EHAMCT ) gels)

Nam Cheol Park’, J eong Seo Koo', Won Hee You'~

Abstract A suspension system of subway vehicles is composed of 1% and 2™ spring. The suspension system
is the most important parameter of running vibration. Application of the 1% suspension with a strong
stiffness is the main design direction in order to improve the running performance at a high speed, but it
causes severe vibration problems of the vehicle. In this paper, it was studied how much the stiffness changes
of the 1™ suspension in EMU(Line 5), which consists of chevron rubber springs, has effects on the vibration
of the subway vehicle. We measured the chevron rubber spring stiffness and the vibration of the subway
vehicle. We found out that if 35% (0.7kN/mm) of the vertical stiffness exceeded over the standard vertical
spring stiffness (2.0kN/mm), the maximum vibration acceleration to the vertical and lateral directions
increased by 0.045g (58%) and 0.008g(10%), respectively.

Keywords : Suspension, Stiffness, Running performance, Vibration, Chevron rubber spring
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Fig. 1 Characteristics of the Chevron rubber

Fig. 2 Installed Chevron rubber

Table 1 Stiffness characteristics of the Chevron rubber

Units Motor car
Tare(40.0 kN) Crush(75.0 kN)

Vertical stiffness gradient K v kN/mm 2.0 2.0
Stiffness Lateral stiffness K lat kN/mm 9.9 10.8
Longitudinal stiffness K long kN/mm 21.5 24.8

Fs kN 12 23

Fc kN 45 79

Force Forces per chevron Fr kN 47 82

Fy kN 21 37

Fx kN 42 73
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Fig. 3 Installed chevron rubber spring for measurment Fig. 4 Method of the stiffness measurement analysis



21.3 %8 53 4

aFREel AEAbEke] MFol| nX= e Uist FEAS o AR FHI| e A
o AfFXEY AL =uke] s Eol g 7l e wel 5420 540 wlg- v
Hslsith, 2 AT A= ABE g A28 7 ol9ol= U oE JHgSEtal AE 5%
A 129 FRboll A S dEAFe F&EHA = Aa IEeAs VEo R ofyfol ol MF
= SAsSAY

Data Acquisition
Unit

Fig. 5 Installed chevron rubber spring for measurment Fig. 6 Method of the stiffness measurement analysis
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Table 2 The result of the stiffness measurement
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Serial number -
Force Deflection Amount of the change
R03834 & R 03830 40.15~75.16(kN) 2.786 +39%
R03908 & R 03914 40.11~75.09(kN) 2.620 +30%
R03836 & R 03915 40.36~75.03(kN) 2.686 +34%
R03835 & R 03916 40.15~75.07(kN) 2.686 +34%
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Fig. 8 The results of the acceleration measurement
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Table 3 The result of the acceleration measurement

) The result of the acceleration measurement (g)
Stiffness

Direction K 25 30 35 40 45 50 55 60 65 70 75
(kN/mm) Average
(km/h) | (km/h) |(km/h)|(km/h)| (km/h) |(km/h)|(km/h)|(km/h)|(km/h)|(km/h)|(km/h)

2.0 0.074 | 0.109 | 0.122 | 0.086 | 0.050 | 0.075 | 0.060 | 0.061 | 0.049 | 0.061 | 0.063 | 0.073

Lateral

acceleration | ;| (082 | 0.084 | 0.125 | 0.062 | 0.084 | 0.104 | 0.079 | 0.112 | 0.076 | 0.058 | 0.048 | 0.065
Vertical | 20| 0077 | 0069 | 0.050 | 0.070 | 0.050 | 0.147 | 0.050 | 0.074  0.044 | 0.107 | 0.090 | 0.099
acceleration

2.7 0.122 0.163 | 0.171 | 0.126 | 0.121 | 0.126 | 0.090 | 0.155 | 0.118 | 0.072 | 0.087 | 0.113




MEEAEAE 54 25k 12 23X ABE g ~3X" 73X (Stiffness)©] %7] 2.0kN/mm
v 0.7kN/mm(35%)5 7t~ 8 & AW Ho & 7S5 Hdt 0074g°ﬂ/~1 0.082g= 0.008¢g
(10.8%)57kstden, AW A As7t&s 077gel A 0.122g= 0.045g(58%)% 7+
Ao R AZEol ATAA} NEAs 7Fole Bgse Aow SAHNeY, A9 Tk

%
2 w0 sARS AATE QawA deHEe 44 24 §x7) Das,
o)

soll AT
A= F3 AlEgold TR ADAMS/milE o] &3le] AlHE 2n AxXy FAe F7}
7F FAAAA N A IS A7E H Fdstara} g

i
o

=]

[1] S. Hyun, B.G. Eom, H.S. Lee (2008) A study on the analysis on running safety of railway vehicle
according to the change of suspension stiffness, Journal of the Korean Society for Railway, pp. 1622-1627.

[2]J.Y. Jeon, J.S. Koo, Y.H. You (2012) A study on the lateral damper to prevent the abnormal impact noise
and vibration (EMU Line5), Seoul National University of Science and Technology
[3] Research Report (2002) A study to analyze of dynamic characteristics and evaluate test train on the

rubber parts of the rolling stock, Korea Railroad Research Institute
[4] TELLEBORG Industrial AVS Catalogues (2011), Vibration technology




<<
  /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


