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A Study on the Ride Quality Enhancement of the High-speed Electric
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Abstract This study was carried out to improve the ride quality of high-speed electric multiple unit. Through dynamic
analysis of the HEMU-430X, the range of the equivalent conicity with a critical speed of 300 km/h was between
0.05 and 0.25. The initial adopted wheel profile of HEMU-430X was S1002. The equivalent conicity of S1002 with
the mileage of more than 40,000 km was about 0.033 and it was confirmed that XP55 is more suitable for stable
operation because XP55 has the equivalent conicity of over 0.061. In order to improve ride quality of high-speed
electric multiple unit, the change of installation angle of the yaw damper was suggested from 7.35° to 0°. From
sensitivity analysis and optimization, the air spring lateral and vertical stiffness was suggested to be reduced by 30%
and the secondary vertical and lateral damper damping coefficient was increased by 50%. By applying this, it was
expected that the car body acceleration could be improved by about 20% on average. The HEMU-430X’s yaw damper
installation angle was changed to 0° and the damping coefficient of the lateral damper was increased by 30%. When
the test run was carried out at the speed of 300 km/h on the Kyungbu high-speed line, the vehicle lateral acceleration
had improved by 34.3%. The effect of additional improvement measures proposed in this paper will be tested in the
on track test. The riding quality improvement process used in this study can be used to solve ride quality problems
that can occur in commercial operation of high-speed electric multiple unit in the future.
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(b) Configuration of HEMU-430X

Fig. 1. HEMU-430X
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Fig. 3. Equivalent conicity with measured wheel profile
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Fig. 4. Current yaw damper configuration
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Table 1. Design variables and level

No Design variables Unit Min[%] Current[%)] Max[%]
T, Secondary air spring stiffness(1/) MN/m 70 100 130
Ty Secondary air spring stiffness(2) MN/m 70 100 130
Ty Secondary vertical damper damping(2) MNs/m 50 100 150
Ty Secondary lateral damper damping(?/) MNs/m 50 100 150
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& TCHE M3AH7IA] 4350 WA 28319 ti(Lateral
dampe=130%). °]’3<] WH- 2A] A7IEEE s)Alst
= o)) wjEol AR5 KP 248~255 -7+ A
Ir&s dlolEE EN  14363[8]¢] FAEA
(Running characteristics) &<l w2} 0.4~10Hz ZHE
83k & RMS(Root mean square) 2 734 Fig. 9
o] VFER AT}, 7]5(Original) A Elel B3] w5 Ax]
ZTE B=0°9 A AAH R AA A/tEErF FiE
102% AE wolg o, TC-M3 FAHE 130%E
7WNZ 7S 712 e iR AA 7Tt it
34.3% MAEATE o= & ATl EEst
A wete]l &7t QS-S HoFEh X
(S1002—XP55), S5 HFA T 150% 57+ ¥
A FANEEE o A Al%l AOR Az EH,
FRZAT 23} g7 1# 150% 74~ 71

A

o
=
o5

566

1.

[2]

B3]

[4]

[3]

. HEMU-430X9]

HEMU-430X¢] 5913} 8141 23l 300km/ho]
o IAEEE %%% ‘37}%‘5% 1] H9l= 0.05
oA 0.25AF01 & Ak 271 A8 A
FEZRIHIQl 81002+ 4ﬂLkm<>1 & A FHA
ol st F7FEH HH% 0.0334 =91,
FgAl S} S %o}m A7} 0.061
o] W& XP557F Tl %3
i}ﬂ

<) =4
2EE 7

—LI

10 orl
Ei

2
o,
32

noﬁ'

o X
ol

o
-0,
o
EO

r
l

o 11
X
o M
ol
ol
N
o

2l 4
4318 53 m2H
/H 30% 72+ 2;2} /\ 31

oA,
50% ?Nl?l% H C&% A kst

S

o
fu
rE
ot
QL
R

™
vy
=2
o

ol
N
N
I

1):(
_0|L
o=
o

32 ot
=)
o
il
)

30 op Ay ©
ol
ol

of
)
5l

il

ni

HE

ko
)14
A
[
_)|J_:‘
N
N4
=
2
o
& Lo
e,
02 o
o,

o rE

o
o)A 300km/hE Al

N
>,
KONy
3R
Elo o
£ o E
, T
% H
= _]1_}
>, oot r_>L ot
Ho

i
e
-+
=
X

o
-0,
i

o2
>
>
o
>
2
e
oo
i)

>~
Rk

oA op Mo
ol
=
=
=
i
T
ol
o2
iy
offl

Dogh 2 Hoh 32 ot
TR

N
o o
Y
1o
o> O
2

oy 2 2

M
24
:<I)l::
it
2
>
>
o
i)

References

C.K. Park, S.S. Kim, K.K. Kim et al., “Optimization of
Non-linear Characteristics of the secondary dampers for
the High Speed Electrical Multiple Train,” Proceedings
of the Korean Society for Railway Autumn Conference,
pp.2568-2572, 20009.

S.G. Baek, RM. Lee, B.S. Shin et al., “Vibration
Reduction of the High-speed EMU for Improvement of
Ride Comfort,” Proceedings of the Korean Society for
Railway Autumn Conference, pp.1435-1440, 2008.

K.S. Sim, T.W. Park, J.H. Lee et al., “An Evaluation on
Derailment  according to  Running Safety of
Next-Generation High Speed Train (HEMU-430X),”
Journal of the Korean Society for Railway, Vol.l5,
No.4, pp.343-351, 2012.

UIC, “Testing and approval of railway vehicles from the
point of view of their dynamic behaviour - Safety -
Track fatigue - Ride quality,” UIC CODE 518 OR,
2009.

C.S. Jeon, Y.G. Kim, S.W. Kim et al., “A Study on Tail
Vibration Reduction for the Next Generation High Speed
EMU,” Journal of the Korean Society for Railway,



FYRANY 1HUAY S Ade] B AF

Vol.15, No.6, pp.543-549, 2012.
(6] iZﬁr;?tezgr;)up Limited. VAMPIRE Pro V6.40 users’ Z A 2(Sang-Soo Kim) (R3]
[7] CS. Jejon, Y.G. _Kim, J.H. Park et al., “A study on fthe 019994 39 : SR ojulelr et

dynamic behavior of the Korean next-generation o ﬁ:/\

high-speed train,” Proc IMechE Part F: J Rail and Rapid kel (7171 e4Ah

Transit, Vol.230, No.4, pp.1053-1065, 2015. 0200213 3¢ : Y& ojuielrdgtw
[8] EN 14363 : 2005. Railway applications - acceptance of kel (gakatetaah

running characteristics of railway vehicles-testing of ©2002d 49 ~ 2004 6 : U

running behaviour and stationary tests. o}7|E}8 w7 ATA Folod e]
[9] CS. Jeon, “A Study on the Dynamic Behavior 02004 79 ~ @A : F=HEY]

Enhencement of the Korean High Speed Train,” Journal SATY AT

[10]

(1]

[12]

[13]

[14]

[15]

[16]

of the Korean Academia-Industrial cooperation Society,
Vol.18, No.10, pp.81-87, 2017.

EN 13715 : 2006. Railway applications - Wheelsets
and bogies - Wheels - Tread profile.

C.S. Jeon, “A study on Critical Speed Enhancement of
High-speed Train Passenger Car,” Journal of the Korean
Academia-Industrial cooperation Society, Vol.17, No.12,
pp.603-610, 2016.

C.S. Jeon, H.S. Cho, C.S. Park et al., “Critical speed
enhancement of a Korean high-speed train through
optimization with measured wheel profiles,” Proc
IMechE Part F: J Rail and Rapid Transit, Vol.232, No.1,
pp-171-181, 2018.

R. L. Plackett, J. P. Burman, “The Design of Optimum
Multifactorial Experiments,” Biometrika, Vol.33, No. 4,
pp. 305-325, 1946.

S. H. Park, “Design of Experiments,” Minyoung
Publishing Co., 2009.
R.H. Myers, D.C. Montgomery. Response Surface

Methodology: Process and Product Optimization Using
Designed Experiments. John Wiley & Sons, Inc. 1995.

S.S. Rao. Engineering Optimization:
Practice. John Wiley & Sons, Inc. 1996.

Theory and

=t

Ad(Chang-Sung Jeon) EEE

01998 29 : AgTjstn tish
71 AE8 (7)1 A18 3R

020159 29 : olFigta bjshl
A (7] A3

©2000%d 1€ ~ 2004 79 : ik
vEHS Sl
0200511 8Y¢ ~ @Al : ALY

AT AddTe

714188

567

[(Z=H]

01989 8¢ : A&uigtu gy
A8 ¢} (A8 g EAAD
-2007Lﬂ 29 ¢ oluEa usky
Ag8ta (7] 718 8HaAh

01987%3 29 ~ 1994 29 : u%
A8 gz

01994 39 ~ 1997\ 24 : AMA
Y TdATE AGATY
GAEEATd AT




<<
  /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
  /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


