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Abstract The gangway connection of the articulated high speed railway vehicles (HSRV) is a double wrinkled rubber
component to seal the air of the corridor under a range of angular deviations between the carriage end parts. From
the results of non-linear structural analysis, one of the severe loading conditions for the connection is mixed mode
(rolling+yawing) angular displacements while passing through the small-radius curved siding track of the HSRV depot.
In this study, to ensure the safety enhancement of the component, the optimal design for the cross section of that
was performed using the Solid Isotropic Material with Penalization (SIMP) method. Nonlinear finite element analysis
confirmed that the decreases in the maximum principal strain of the optimized design under rolling and mixed modes
are 68% and 39%, respectively, compared to the initial design.
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[Fig. 1] Damaged gangway connection of the articulated
high speed railway vehicle
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[Table 1] Nonlinear material properties of the rubber

Ogden model's material constants

Strain
Hy ) H3 ! @ )

20% | 1.23E-6 | 1460 | 115E-5| 746E-6 | 4967 | 234

50% | 264E-6 | 1168 | 407E-7 | 1.26E-5 | 3291 | 0452

100% | 753E-7 | 266E6 | 106 | 598E-6 | 042 2.167
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[Table 2] Applied angular displacement with mode
types

No. operation condition Applied angular displacement
straight + cant deficiency
1 | in HSRV depot, side wind -y
effect etc Rolling (xa°) ‘=
Mixed
(Yawing(2(3°) +
Rolling + curved siding Rolling(+x°))
2 track(R125) condition in Yawing
ty
(%a, B, v : a given value by means of production company [9]
3.2 SAE|=EA
S A4 ol aha 7 ezl WE i Jlh
54 AANSE o] BAg5st AREA) B 7}
240 475 Bl ATH ANRS mFeE
o), o= AA 7835 (homogenization design
method)oll 2]3F ¥y} D= (Solid Isotropic Material

with Penalization Method, SIMP) 2.2 &3t} w23}
WS AAYYE F 5& 19] 84 FEHS A
AAES] A ez HER Aol uebs e 3
= J817) ot} B Ao E AtiFe s 2867
7 4 QAE Aolol Wel AHEEE WERSIMP)
& A8-3ATH10L

3.2.1 HAIEN HAl
FRQdn dll ug JARAHA HANs
X el01] = A @9 2.
P
X, =—, i=1,2,-,NDT 2
Po
714 p, BA HE, NDT+= AAYGEL] dA Fata
Agroltt. €14 zH-gshgstol] AdH WA WP EoA A
Ulw)E 2 (3)7} o] AFeTHI011].
:%/ e(u): B (u)dn
Q
_1-r T poH - 1-7 -
=5 [/QB B gl {ul= a8} ©)

A7 ew), B, B % (KE 4% 61998 39

(strain matrix), 6x65H3 715 Y= (elasticity constant),

EH

4089

713 Ful @ (the gradient matrix of basis functions),

7433 (global stiffness matrix) |t} 7] A A <o
A AA AwHtotal mass, M)l tHI A FEE
(relative mass fraction, m,)& 1’43 A stell whe}t H4
slE|ojof 5t o] 2] (4)9} o] Fdg)
NDT
VX
T @
! M, %}T i "

F2AAq gl tidt 9dA AdAle] T sk
2 (5)9F 2t}

Find x= X2, X = p/p

Minimize V=m, V

Subject to [Alu= f ,0<Xx""< X, <1 ,

(A=) (uf); < (up; < A+ B)(uf') I=z,y, j=1,2,3

®)
A7 Wi Bl E AR
i, FERAL AR ) AARDT Y
AARS ARG
3 9% & skt

Zstol 271 AGA ] 2
SHeH8.

Sola

ol

Saz JaAdo

T2 A5

;O

3.2.2 XM

Fig. 4= S2d2qe] dddof
A& &=A3E & Aol
a4 2219l ABAQUSSE A5 H =
2 HA 5 o o) ol wheh AAGAS ol
Aoz Ag 54, st R AA(EE A =
94@,1;}. 31}51;_ oo HlAEg]_o] zﬁxlgi Xixo]'
T2 e eI v DA A5 ZA=
ATOMpre Y& o= 3lrh. ABAQUSe] 2sf A
J model.cdb 342 ATOM dlolgHjo] ~2 742 5

=EE

(¢3

Y

lf
S

n

o @

Al
Sshsies Ada.
80%0°8t= Fjet. ATOM
/\lv,] DE—“ uH7H 13:]/“ J_]_oli ATOM ©
L E EC R E

s gl 54
e



A& 8 =g A Alsd ATE, 2014

Stefule) shele] BAlo] AL 7 A3t v 2
e W79 243 $9 FAGONP) 2 FHRL2
o] B4 B AAgr) B rdo] HA3 dAgAe
183] Wty & AFslgon oA ¥ 9AH A3} gL
Fig. 59 2t} o|Z28H T2adute] Ax34S 11y
3 A AL H2 BHS Fig 63 2tk o] 1deA 7]&
R IR PR [CIEIER N NE EE
QL J1E 9% FRAN BROR Bashy, At E
Qe o vE P e
e | ) e ) g

Initial Design Space
. y «  Elements Groups «  Element groups

+ Other parameters

(Optimized, non optimize regions)
« FE analysis, check results

Model parameter fle

______ - A 4

Optimization Loop (start ATOM) ‘

FE Analysis

Simulations (CAE)

Manufacturing / Machining
FE Results

Start model
(0.1, iterations)

RE20NF

ATOM_OPT

Start model

+ Develop acceptable Fe Model
for machining simulations
+  Define Loads and constraints

Results in
«  Elements deactivation ONF format

«  Simulations results

|

N

Optional
Modified analysis model

Refine Model
(incorporate Simulation Results)
Finalized Design Model

ZO--4PN-Z—--4T0 <OOFOTO-

N
Design Validation
Design Analysis
= /\11— Y —
(Prototype Testing) Detaied structural Refine model
Analysis of finalized Smooth surfaces Post processing data
model Gem:etry based —.
esian
‘ Final Design ‘ /ﬁ \ﬂ/
ATOM.smooth <7 ATOM.view
150 surfaces .

Optimiaztion results
Data reduction

[Fig. 4] An optimization process iteratively searches for

an optimized solution
vV
o 00000000

* Optimization step 0

*» Optimization step 3

+» Optimization step 12

OMDo c{D0

*» Optimization step 6

< Isosurfaces calculated by ATOM.smooth

[Fig. 5] Topology optimization results-material distribution

4090

S

AVIVIVIVAVARVA =5
NN =22
[t st |

fBojodo]

uoneziunde

! After (8 wrinkle) l
VT :
S

[Fig. 6] Comparison of cross-section shapes for gangway
connections

[Fig. 71 Max principal strain distribution of the improved
design under mixed mode



n&AEAF A9le] BEAdue] A4

yawing and rolling mode - - Original model(wrinkle 9)
--=-= Improved model(wrinkle 8)
g08F
£
13
E
£ 06
g
k2
©
2
204t
&
13
E
g N
% 0.2 T -
= T i
pue N
e Ny
0.0 k== L L L b =
0.0 0.2 0.4 0.6 08 1.0

Increment of step

(a) mixed mode(Yawing(23°) + Rolling(«°))
10

rolling mode - = = Original model(wrinkle 9)

=+ Improved model(wrinkle 8)

I o o
IS o ™
T T
\
;

o
N
T

v

Maximum principal strain(mm/mm)

L L L L
0.0 0.2 0.4 0.6 0.8 1.0
Increment of step

(b) rolling mode(a°)

[Fig. 8] Comparison of max principal strain histories
between the original model and the improved

model
4. ZE
2 Aol By uSAEAY B o
A4 P ApdsonA, B el gugel
gk SFHALAE FRstH o, o] E Aozl A
=2

AN 2 golng vy AFRAYS Hals
AT webd g FaAlgel B REe) UTA

Jalokat Zlolth

(2) % 183] dAIE M7 D& JAHHLAES =8
gt A3, S22 B

== 0 =
TES NS 8t 5

4091

References

[1] J. H. Kim, H. M. Hur, "A Study on the Change of the
Fatigue Life and The Fracture Morphology Due to the
Carbon Black on the Natural Rubber for Vibration-Proof”,
Journal of the Korean Society for Railway, Vol. 8 No. 1,
pp.21-26, 2005.

[2] C. S. Woo, H. S. Park and D. C. Park, “Characteristics and
Useful Life Prediction of Rubber Spring for Railway
Vehicle”, Journal of the Korean Society for Railway, Vol.
10, No. 2, pp.211-216, 2007.

[3] J. J. Kim and H.Y. Kim, “Optimum Shape Design of Engine
Mounting Rubber Using a Parametric Approach”, The
Korean Society of Automotive Engineers, Vol. 2, No.2,
pp.33-41, 1994.

[4] J. H. Kim and S. T. Kim, “A Study on Shape Optimization
for Seal Groove of Disc Caliper using Finite Element
Method and Taguchi's Method, Transactions of the
Korean Society of Machine Tool Engineers, Vol. 15, No.1,
2006.

(5] C. H. Park, H. J. Shim, D. H. Choi, J K. Kim and S. M. Lee,
“Shape Optimization Of Rubber Isolators in Automotive
Cooling Modules For The Maximization Of Vibration
Isolation And Fatigue Life”, International Journal of
Automotive Technology, Vol. 13, No. 1, pp. 61-75, 2012.
DOL http://dx.doi.org/10.1007/512239-012-0006-7

[6] C. S. Kim and G. H. Kang, “Fatigue Analysis of Reduction
Gears Unit in Rolling Stock Considering Operating

Journal o the
Academia-Industrial cooperation Society, Vol. 12, No. 3,
pp.1085~1090, 2011.

[7] R. W. Ogden, “Non-linear Elastic Deformation”, Dover
Published, INC., Mineola, New York. 1984.

[8] G. H. Kang and C. S. Kim, “Nonlinear Analysis of Rubber
Bellows for the High Speed Railway Vehicle”, Journal of

Characteristics”, Korea



S| Eersl=RA) A5d ATE, 2014

the Korea Academia-Industrial Cooperation Society, Vol.
14, No. 8 pp. 3631-3637, 2013.
DOL: http://dx.doi.org/10.5762/KAIS.2013.14.8.3631

[9] Hyubdai-Rotem, “Gangway Bellows”, KTX-II Internal
Report, 2009.

[10] Bendsge, M. P., and O. Sigmund, "Material Interpolations
in Topology Optimization,” Archive of Applied Mechanics,
vol. 69, pp. 635-654, 1999.

DOL: http://dx.doi.org/10.1007/s004190050248

[11] O. Sigmund, “Deisgn of Multiphysics Actuators Using
Topology  Optimization tress Characteristics Using
Tures”, Copmput. Methods. Appl. Mech Eng. vol.190, pp.
6577-6604, 2001.

DOL: http://dx.doi.org/10.1016/S0045-7825(01)00252-3

# & #(Chul-Su Kim) [H2H]

20024 89 : Gl Qulstal
A A 29 (TS
02008 1149 ~ A @ FEHFH
Aw71% Hol9

0B 39 ~ @A B

E
<]
A A et R S A

4092




<<
  /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


