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Abstract Transition curves are located between curve and straight section in railway. These transition curves are
vulnerable to the ride comfort of passengers and safety of a vehicle because lateral acceleration, lateral jerk and roll
velocity increase as curvature and cant change along the transition curves. In this paper, ride comfort on the transition
curve was calculated on the basis of lateral acceleration and roll velocity measurements. The evaluation of ride
comfort was conducted according to the methodology specified in European Standard. The distribution characteristics
of the comfort index were investigated for the korean conventional line from the evaluation results. The influence
of the curve radius and the vehicle speed on the ride comfort index was also investigated. Finally, the relationship
between ride comfort and the rate of cant changes on transition curves was analyzed.
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Table 1. Constants for Pct comfort index
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., A B D
Condition &m | &m | € | omdg) | E
In rest-standing | 0.2854 | 0.2069 | 0.111 3.64 2.283
In rest-seated | 0.0897 | 0.0968 | 0.059 | 0916 | 1.626
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Table 2. Parameters and transfer functions of the
frequency weightings

Band-limiting a-v_transition Gain
fi fa Q f3 fa @ K
[hz] | [h7] [] hz | [h7 | [ ]
100 | 1/4/2 | 2 2 0.63 1
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Fig. 2. Filtered data of latreal acceleration, Jerk and roll

velocity of the car body

Table 3. Distribution of curve radius on the line

Radius (m) Number Ratio (%)
400 4 1.61
500 14 5.65
600 97 39.11
700 7 2.82
300 32 12.90
900 9 3.63
1000 25 10.08
1100 1 0.40
1200 9 3.63
1400 10 4.03
1500 1 0.40
1600 1 0.40
1700 1 0.40
1800 2 0.81
2000 23 9.27
2200 1 0.40
2300 1 0.40
2400 1 0.40
2500 1 0.40
3000 4 1.61
3200 1 0.40
3600 1 0.40
4000 2 0.81
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Fig. 3. P_ct evaluation according to Radius



17%

ok
o}

REE)

L

T

o] 735l

g7}
or

]

AF3l7] &S
Eﬂ'ﬁ]]z\:
=22 A16HE As5S.
, 2015
oz

Frbo] 15
! o 2

gl

k]

A

mﬂ_ = H
Ar
= ZQAMﬁo Hr
= ~ M D Y MW o) H
" MLWﬁOEMWZl o uAIL r
T leﬁmo_w i%ﬂ;amﬂ
EdlﬂL X° 1 XOOLo
0 g 2% g 1P = MI
Lﬁ o o N2 ﬂm“..o —
[ ) mﬂ;ﬁ N T o 52 = .
& ﬂldr.drﬂ o 55 S T8 B eb R
w ﬂwwﬁ_;ﬁﬁ%maﬁ 88 g 21 . ﬂﬁé =
101# o = > w5 BT BR 5%, _ S 3 ol o Hr il R o
Bl B N - m_uaorwm = . S ¥ 3 4ﬂp|17w N - R o XN
e w W ge X2 B o] e T RTINS ° oz o Mgw<:iﬂ_x 0
- oy 9P H T %o e 8 <] 2 3 <o o g - Ao T 0
° o el b TGN < I . ) 5 5 Y Yo T — el %) X o Jo
= = ® @ i & = =T %3 o o W o <
3 < o B = o A = k3 o ° ~ my 0 T R g ~ A N N 7R g X-
o e ﬂoﬂﬁ:nn__/uq_v.s . St ¢ Jz_.m_wOJIL _Xﬂruﬂ. o
e ﬁ@m«]ﬂﬁwﬂ%& * < & UrWﬂurmW%aLAo%%ﬁMoadm
'e) 0 = ~, [ o) 7 o ‘_L.r,
mm.ﬂmmﬂo%ﬂ@mm / g 3 wgwwfvm&wﬂ%wmm%
T )| 0 = —_
wwgm%%ﬁwm%@ C1re e @ﬁ@%%ﬁ%w%wamg%w
mﬂﬂiﬂmﬂimﬁﬁiﬂrioﬂ o i1 3 s ﬂrﬂuo],mozuo],ATVi_ oo X
ol k] <Jo N r . o 3 I ~ ° r {Jo o] © ®oH =
S W % REC ) ; AR 3 Jo B o o o i 2 & = e = 2
~ ‘mﬁ iﬁ e =) m . hl w | — o HA‘I ‘Ul —_ MWL jariy l =1 T < Z.o LA. _ T
GO waurogﬁoycs ol % o,}_yag@7nmvmu”mu T
T T % w B Hr ) o o o 1~ o g o & ™ ~ = o T
X ol Gt o S = p on = % 2 o =) o — I — o) B Jo M N X
e - R e & ® T 5 M TO 5 g% = 2 ° Ny N Hr
S R R e 2 %Lm__%mmﬁo%ﬁo%zgu;o
R = < ' < M%ﬁ@&a&@&ﬁgﬂﬂﬂw
W 0 ot 6 La%%}w,@mﬁq%LdE%
T ® rLER % Eaftméﬁ%miﬁﬂum?émiﬁA
= E.l]u — o . J- - i ]]O
g @ 40 RERY i EvawmQWEWm%w%%
| 7l T %ql%ig_ﬁ nresr
T _m 0%%5 ©n oo Vmﬁ%ﬁﬁ%g.i
N m.qﬁ %\ﬂﬂzﬁ ﬂiﬁqﬁoiwéoﬁuwﬂ
T G wa%w : ol
_ o = o ® o -
n_m,_oq/o ™~ AJo ﬁo;dﬂog,_ .18 N
) H T 5ol 8 g 3 o
TRy =2 g i : 2%
bozEy i 3 22583
o o] R o Hr o - «tg . ORI N
s v =y b B Q < 18 = T N Ao
EA_.Q 3 g = é1r¢
o = il K oF B b = " = oy A N
B W z o £ «lgE E i e T
.i sjo _u__A MOMﬂE Om o = WL\W |
ﬂ% B 3 o %o MW il H] o 8% 3 s o 2 Y W Mm
@MME ro & LE o _alss E i ) = urwﬂemwﬂw
CARI ﬂkﬂizmoar il wEE o og%%gm
o _% IK El O_,D!.H‘_Ir Atkho = e ch ﬂn_ ‘.ﬁ_Al,._HE\_ll_m
3 i ) T o 1ﬁro T BE ! E B FS SEAPID « mm md - Jo = g
o_l ﬂx ™ Gl MHLME_- = AAL‘u J 4 AA.ASa mm { ﬂIrLL. éo
T Tl o o RS “ Af.1R Z 8 fo n@]zﬂ]
il ™ £ ﬂy!ﬂg . <3 AAAAA:AAAAA.:AAO )M -~ Hr HAA‘IOV
A —o o+ el 29 T b ” At:hAAm O] ,AL]Q\OAM xr
ﬂﬂﬂm_w "~ A22,_rm,_n_|u:_un_v0 T B> 19, o m ‘ﬁldﬂ&mﬂn j
~~ L ) .
ol pajeas) 107 d e da[B r= & o B ey
430&.. % — &b éo‘mﬁ
32m5.. °© o) o o} b
KEAEE- EEE
. A .
< 2% 5
o %umaf_wm%
— 0
s Tk Z
‘ﬂﬂ(‘lﬂro
F oW

R400~
600, R700~1000

[e]

dub 2

A
s

3576



.‘..
o,

AZdelee] olg BekRA 37 W7

R1100~R2000 % R2200 ©]2.2 “1&53}5ko] Fig. 6
xE3AT

40
v R=400~600
35 & R=700~1000
o R=1100~2000
301 *  R=2200~4000
3 25
3
73 20
‘G[ 154
o
101 < v
54
v > =
04 v v PR =
T —— T —— ————
0O 20 40 60 80 100 120 140 160 180 200
Speed (km/h)
(a) Seated
40
& v R=400~600
35 = R=700~1000
= o R=1100~2000
__ 304 “| * R=2200~4000
(=]
£ 254
el
=
I 204
2
‘G‘ 154
o 104
54
04 v
0O 20 40 60 80 100 120 140 160 180 200

Speed (km/h)

(b) Standing
Fig. 6. P_ct as a function of curve radius and speed

829 e 60mm/s o7t HES 74

—(‘5]_1 o)

o,

AD_ 2D Vs g ®
dt 36 L
dD
I}
VM, - AEARNASE
L : g3p5e] Ao
AD : ARNE
> 2
Vmax . }-%}:—_‘TE
20
154
=)
£ a
3 10
@, A A
- A
S, PN
ot sl st
aa fadila R
e
04 a 4 2 ~ AAA AAA
o) 1‘0 2‘0 3‘0 4‘0 5‘0 60
Rate of change of cant (mm/s)
(a) Seated
40
351 4
A
30 =
> A
£ 254
£ Rl
S 204, 4aa 4 -
\m/ A ‘tA -
5 154 A4 A A
I A gk 0L
o 10 ad =K
A 4 A a4
E }I A dvE
54 “AA a4 Agh T 5
o * 1 mAA‘ .
o) 1‘0 2‘0 3‘0 4‘0 5‘0 60

3577

Rate of change of cant (mm/s)

(b) Standing
Fig. 7. P_ct as a function of curve radius and speed

3t e] Sk AEL] A7HEg ] BAE
YER Fig. 7014 WES] A7HRIsHE-S gt 7]
¢l 50mm/s o E UESI J5S o 5 dslen,
At F 31mnyset TFHA} 6.5mm/se] AFEES] &
e = Aow et

AE AlzbAskgy deltd SAgtel BAE AE
AIZPHEHE 0] 40mm/s o3l A= Thae] A4S B
o]a o}, ZHEAIZE Mghg-o] 40mnys o]l e 2
s8] sl SApte] ghol FhashE S BT
Z, NEQ Azbaske- galata Sapgdel] gk
Mt ot A& o] Fa&no] Hlste] doHoz 2}
& Aoz HrE Y



FFAE & =B A6 A5, 2015

2

=

4
e
-

=3
-4 ok
Aol

L oop
N,
L

w
o 1T

b
B

2
=2

Lo
R b

o
N
N
o,
-
ol

2
ol

L
ok

N

—

]

o oY ot ot wH wH
i

2
o oy rfr
R

=

o

o A

ol

o

g ol
= o
e ©
ik m
&
e
r)v
o
=

=+
wu} ZA o
7re] °F 60%,

ek T3, gl 5
AT R, 2242 99%0 3
Ao g 7k e

Q4] 259

{4

ofr
-

>
=
o,
o
o
B>
i)
>
g
o
ot
1j
o

=

oy oy

[
N

:ilN ol

Y
1
o

i)
N

)
52
£

=4 d
T
N

e

>,
olN L
I

olate] F3rel A=
S A7

EAZIgks

B

25 =)
TR A5

ok

References

(1]

gauges 1435 mm and wider, 2010
[2]

2009
B3]

Evaluation of Ride Comfort, Journal of the Korean

Society for Railway, 13(6), pp. 552-558, 2010
[4]

z-Transform, Journal of the Korean Society for Railway,

14(6), pp. 495-500, 2011.
DOL: http:/dx.doi.org/10.7782/JKSR.2011.14.6.495

[3]

Shape of Transition Curve, Journal of the Korean

Society for Railway, 13(5), pp. 509-515, 2010

EN13803, British Standards, Railway applications —

Track— Track alignment design parameters — Track

EN12299, British Standards, Railway applications - Ride

comfort for passengers - Measurement and evaluation,

Y.G. Kim, C.K. Park, S.W. Kim, K.H. Kim, J.S. Paik
Analysis of the Frequency Weighting Curve for the

Y.G. Kim, S.W. Kim, CK. Park. S.S. Kim, K.H. Kim,

Evaluation of Ride Comfort in Time Domain by Using

LY. Choi, JH. Um, M.C. Kim, C.K. Park, Analysis of
Running Safety and Ride Comfort According to the

[6] JH. Um, M.C. Kim, LW. Lee, B.C. Goo, An Analytical
Study on Running Safety and Ride Comfort in Case of
Superimposition of Vertical and Transition Curves,
Journal of the Korean Society for Railway, 15(2), pp.
172-178, 2012.

DOI: http://dx.doi.org/10.7782/JKSR.2012.15.2.172

Z| & &(L-Yoon Choi) [H3

©2003d 2¢ : SISOt o
EEF5) BY(FEAD

02005 12€ ~ 20065 12¢ :
Georgia Tech. Univ. PostDoc

* 199611 8¢¥ ~ 1997\ 12¢ : ¢
IEHEAEAETE A7
*1997d 129 ~ FA : F=F
=AY A7ed

<qHop

A% A7 2 KRG ASA2Y

3578




<<
  /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


