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Abstract 
The rubber parts used in industrial products

eyeball retina are easy to be deformed. Interacti
In the present study, the small natural frequen
strong coupling, and the necessity of dynam
memory capacity and high speed computation 
coupled system is proposed on basis on GS
velocity-pressure decoupled-type FEM used in 
and the knowledge in each chapter are shown as

In chapter 1, the background and the purpose
In chapter 2, lid-driven cavity flow can be su

element shape and interpolation order are not li
pressure interpolation function and the simultan
be confirmed. In two-dimensional lid-driven 
convergence for the simultaneous relaxation ite
found. Though it is possible to also use mixed 
the advantage is not able to be fully shown i
analysis, the three-dimensional lid-driven cavit
tetrahedral P2

++ P1 elements. Therefore the exten
In chapter 3, from the viewpoint of the equiv

divergence of velocity is equal to zero", the
hyperelastic material is proposed using not 
decoupled-type FEM. And the effectiveness t
analyzed by using Q1Q0, Q2Q1, P1

+ P1, or P2
+ P

the exact solutions in static state. The volume of
because of the cycle-to-cycle self-adjustment 
Secondly, stress-strain curves like S-letter are
higher-order Mooney-Rivlin material in order 
deformation.. Thirdly, the differences between 
severe condition in compression block problem
displacement makes the accuracy of the pressur

In chapter 4, the explicit computational m
Lagrangian-Eulerian) GSMAC-FEM in order t
time-marching is improved by satisfying the dis
explicit iterative calculation. In order to verif
two-dimensional vortex-induced vibration prob
rigid prism. Firstly, the case of the elastic plate 
rigid prism after the start of computation. After 
The elastic plate begins to vibrate by the differe
is near to that obtained by Wall et al. By cha
influence of second-mode frequency increases
material is treated. The solutions become sma
However it is possible to avoid locking by usi
shown in the time history of the volume. 

In chapter 5, the conclusions of this thesis an
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 and the flexible bio-tissue such as the blood vessel, the heart valve, and the 
on between the flexible solid and fluid is the problem that computer load is big. 
cy of the flexible solid, the application of higher-order elements in fluid-solid 
ic analysis method of incompressible hyperelastic material suitable for low 
are noticed. Then, the explicit computational method for analyzing fluid-solid 
MAC (Generalized-Simplified Marker And Cell) -FEM that is one of the 
the fluid analysis and the effectiveness is verified. The composition of this thesis 
 follows.  
 of the present study are described. 
fficiently analyzed using the extended Poisson solver of GSMAC-FEM so that 
mited. And the validity of the diagonal component method using higher-order 
eous relaxation method for pressure nodes by using satellite elements are able to 
cavity flow, the combinations of the interpolation function that have good 
ration, i.e. quadrilateral Q2Q1, triangular P1

+P1 or triangular P2
+ P1 elements, are 

mesh consisting of quadrilateral Q2Q1 elements and triangular P2
+ P1 elements, 

n the analysis of cavity flow.  By considering the result of two-dimensional 
y flow is sufficiently analyzed by using hexahedral Q2Q1, tetrahedral P1

+ P1 or 
ded Poisson solver is available to three-dimensional analysis.  
alence of "the third invariant of deformation gradient is equal to one" and "the 
 computational method for analyzing the behavior of the incompressible 
the velocity-pressure coupled-type FEM that has ever been used but the 
oward to practical use is verified. Firstly, the simple deformation problem is 
1 (P2

++ P1) elements and the approximate solutions have good agreements with 
 the solid is sufficiently preserved without the accumulation of the volume error 
method which is the feature of the velocity-pressure decoupled-type FEM. 
 made by calculating the element-average values of elastic constants of the 
to introduce the stiffening property of the high polymer material under large 
various elements are compared in terms of the accuracy of solutions under the 

 that has singularity is treated. Utilizing the linear interpolation function for 
e field worse on the outside near a singular point.  
ethod for fluid-solid coupled system is proposed based on ALE (Arbitrary 
o analyze the interaction of fluid and flexible rubber-like solid. The stability of 
cretized equation for fluid-solid strongly coupled system in next time using the 
y the effectiveness for the problem that the fluid-solid interaction is large, 
lem is analyzed about the interaction of vortices and elastic plate attached to 
made in Hookean elastic material is treated. Symmetric vortices arise from the 
that, the flow field becomes asymmetric and vortices are shed one after another. 
nce of hydrodynamic forces acting on the sides of it.  The first-mode frequency 
nging from linear elements to quadratic elements for solid displacement, the 
. Secondly, the case of the elastic plate made in incompressible hyperelastic 
ll because of shear locking by using linear elements for solid displacement. 
ng quadratic elements. The total volume of solid domain is also preserved as 

d the future works are described.  

r and Coupled Analysis for Flexible Solid and Fluid  
based on GSMAC-FEM 



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


