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Study on the Performance Improvement of an EQS Device Applied
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/] ABSTRACT /

This paper presents the performance improvement of an EQS (Eradic Quake System) device applied to a nuclear power plant. For the
nuclear facility, the EQS device needs to be ensured to have high quality, flexibility of design and reliability. To improve the reliability of the
design, the hysteresis of the device must be exactly predicted. The friction coefficient of PTFE (Poly TetraFluoroEthylene) and the stiffness
of the MER-Spring are considered as the factors influencing the hysteresis curve. In this paper, those factors are analysed to predict the
behavior of the device and to improve the equipment of the EQS device. The results of the improved EQS device have been verified via
a tests to be comparable with the predicted results. The estimation results indicate that considering those factors is more appropriate than

the results of the previous design and method.
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Fig. 1. Existing EQS Device
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Fig. 2. Load-displacement behavior of EQS Device

Fig. 3. Improved EQS Device
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Table 1. Nonlinear characteristics applied to the EAP

Friction Coefficient MER-Spring Modulus

stress strain

) velocity restoring factor
Nonlinear factor

displacement shape factor

shape factor
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Fig. 7. SGS Testing System
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Table 2. Test results about existing EQS

Test Type Condition EDC (kN, mm) | Keff (kN, mm)
10 MPa 169,197 7.636
Dependence of 15 MPa 204,494 8.486

bearing stress
20 MPa 223,130 8.984
25 MPa 234,095 9.342
Dependence of 20 mm 48,753 35.106
displacement 40 mm 93,314 17.861
60 mm 142,219 12.494
100 mm 232,046 9.045
1 mm/sec 86,084 5.978
Dependence of ™" o 119,957 6.596
velocity

20 mm/sec 198,969 7.960
100 mm/sec 236,215 9.126

Table 3. Test results about NPP EQS

Test Type Condition EDC (kN, mm) | Keff (kN, mm)
10 MPa 156,681 7.836
Dependence of 15 MPa 190,425 8.542
bearing stress 20 MPa 215,893 9.174
25 MPa 246,186 9.995
20 mm 41,568 31.953
Dependence of 40 mm 82,316 16.726
displacement 60 mm 125,232 1.7
100 mm 216,165 9.04
1 mm/sec 103,863 6.541
Dependence of 5 mmi/sec 144,455 7.202
velocity 20 mm/sec 191,801 8.324
100 mm/sec 215,308 9.574

Table 4. Comparison of test result with analysis result

Content EDC Keff error
[kN, mm] [kN, mm] EDC | Keff
Design 200,000 10.050 -
Exist. EQS 236,215 9.126 1.18 0.91
NPP EQS 210,315 9.616 1.05 0.96
Analysis 231,312 10.362 -

9% HAY5GIL). Table 42} 0 ZHo| 47| 3155, FA9] 2 100 m/secE 7|52

2 AR ), 712 EQS WA A wek RS A7 EQS A X7t
07 gl B B 22 Bl 8 4 ek R AR T AR A
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EQS 9| ubEA}e] Hg0 2 PTFES] o] MAysh] 53-8 3121 4]

91ck. 4003] A1) Flof whEzhubAye 212 #1918 4 glok o= 4] A4
o= EAZF ER] ¢om, 100 mm/secZ 4003] HHE0|7] wlizo]] AA|
A]710] HAgak MSlHTHE N B B WI9IE 9 AL 3 Flolck



Fig. 17. Friction materials test of Improved PTFE (400cycle)

5.2 E

3}

7o 218
& =&AL, 7HH Aol qkdE EQS WA
71 EQS 2} vlal #4151l gk EQS#gA|9] 4
o]7] $lal] vlAg a4 =S Y i
EQS WRIgA0] AAIEe o] 1L A

mlo

1) 71ZEQSo| that 7|4l Akgke 2= EQS W72 9] 515~ o=
A ge] F7 ol RAYSHA] ob= 711 Al A 817 $18 MER-Spring
] System-2 A5}, 2] AL A Q8] 2o A
2= 7| A8ISAT] A28 F A ol| whE ulAR| o) £/ HELE 46t
7] $1514002] 0] WA S a5k 3lar 71 A RER ARl of whE Wit
= USAREPTFES] g2 AYE}A] oh2 Zhe el slgiek 3744
o7, MW IS e S EYste] AR T Al

otk

2) A w2 AlFdE BEEl] flsl EQS Mzl ulAld sz
ZIAEAPE st o5 531 flsl 54 Ald 23} vl
AT Zh Al 9 siA] Aate) vlul IR S-S Eal 2 2e] At
719 22 73 3E Hehie Ale SISkt AR S A 2AkE 4
R, Aol s Ayt o] dAshe dutelw, I Ams
gl it F712R1 43} 1A% EQS 2] 54 pota] mdef /i

Fof 92 9912 o EU Aslele. AuAoR B A7 B3 ALE
%) A7) A Bk A oS3t el mg0] B A

[ BALl 2/

B AT 20149E AAAAR Ao FtoluiA7EHA
(KETEP) 9] A& Ho}4=ai6t 20hA| AL TAIIUCE (No. 2014151010170D).

/ REFERENCES /

1, Nam HW, Status of Domestic and Global earthquake 2012, Korea
Meteorological Administration Press Release; ¢2012,

2. Choi IG, Safety of Nuclear Power Plant for Earthquake, Korea
Atomic Energy Research Institute,

3. Kim SH, Base Isolation Device for Preventing Earthquake —Device,
v 13, Korea Society of Seismic isolation and Vibration Control;,
c2011,

4, Ha JJ, Niigata Earthquake and Seismic design of Nuclear power
plant, Korea Atomic Energy Research Institute,

5, Park HG, Lee YI, Jung DY, Experimental and Analytical Study on
Dynamic Behavior of Polyurethane Spring Restroing Disk Bearing,
Proceddings of Earthquake Engineering Society of korea, 2011;
15(2):61-69,

6. Dolce M, Cardone D, and Croatto F., Frictional behavior of
steel —PTFE interfaces for seismic isolation, Bulletin of earthquake
ngineering, 2005;3(1):75—99.

7. Lee YI, Ji YS, Han WJ, Kim KI, Lee HP, Cho MS, Analysis for
Dynamic Non—Linear characteristics of Polyurethane Spring Restoring
Disk Bearing Using Matlab, Proceedings of Computational Structural
Engineering institute of Korea; p,118—121,

8. Biswas S.K and Vijayan K, Friction and wear of PTFE — a review,
An international journal on the science and technology of friction,
lubrication and wear, 1992;158(1):193—211.

9. Shim HH, Kwon OK, Friction and Wear Characteristics of PTFE—
Polyimide Composite, Journal of the Korean Society of Tribologists
and Lubrication Engineers, 1995;11(4):28—34.

19




<<
  /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 false
  /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
  ]
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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.)
  >>
  /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


