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Analysis of Dynamic Behavior of

the Korean High Speed Train

KyungRyul Chung, SangHun Kim, JinSung Paik and T.Schweigel

ABSTRACT

This study have been performed to investigate the dynamic behavior of the Korean
High Speed Train(KHST) during the conceptual design process. This study gets a focus
on the analysis of the rigid model, for which the yaw damper layout is meodified in a
nonlinear limit cycle analysis. In this study, influences of the system parameters such as
stiffness of suspension and connection elements as well as damping coefficients were
studied and an optimized parameter set is achieved. Throughout the dynamic calculation
of KHST on the straight and the curved track, vibration accelerations in car body, ride
comforts and wheel rail forces are investigated. Finally the vibration characteristics from
rigid car body are compared with those due to the influence of elastic car body.
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Table 1 Design criteria of the train

Evaluation Ifems Crit:eria‘

Ride comforts rms <. 0.5m/s
Max. acc at car body Amax(<BHz) < 150m/s*
ng. acc at car body |amax(<shz, single < 250m/s?
(single value) value) ;
‘Wheel/Rail force ratiio Y/ Qmax <12
Sum of lateral .
wheel/rail forces I¥maxam) | <0.85(10+2Q/3)
uasistatic lateral wheel

o Yimaxast <60kN
quasistatic vertical

wheel force Qmaxas =145kN
Max. asist. vertical

W:eel f(q)ll'lce Qmax,qst*dynnmic S]-’]'OI(N

2. Xggol s 2@ dH

AFEA4E dEHMAMBS 0 Multi body
system)&. 2 BI TR £Fo o FHAA
o] &4 AFE FEIHLA Qe Y xFe
T3 AFE #As] HAsd HAAFS 3u=
At SHRP2), FYAIFMR), WA (T3I)2
7oz 2d8 &#Yrh(Figl) |
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o] AFRGE ¢ AstifhsA dBE Roz
2Ygsy FEENE HARRT. FAHRY A
7 Abole] @B ZUEE BES F&£2AY gL
7R (k>80x10°N/m) o2 38 Ach Yo o] ¢
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4. ME&lY

Traer Car (T3)

Carbody Joint (oxyz)
Motor Car (M2)

Coupling {linking rod}

Power Car (P2}

PCBagie 1

Fig.l MBS model of three unit train
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Table 2 Model setup for dynamic simulation

Bodies

Force Elements
Coupling P2-M2 (Coupler)
Connection M2-T2 (Joint)

Long. car body damper in lower!
position (LD11/12low)
Long car body damper in high
position (LD11/12high)
Horizontal car body damper (HD1)
Ry e o (RC%)

. : ubber guide spring
PC Bogie Primary vertical damper (PVD)
Journal Box |Secondary coil spring (SCS)
Wheel Secondary vertical damper(SVD)

eelset  1Secondary lateral damper (SLD)
Secondary yaw damper (SYD)
Primary coil spring (PCS)
Primary vertical damper (PVD)
Elastic Joint (EJoint)
Secondary air spring (SAS)
Secondary vertical damper(SVD)
Secondary lateral damper (SLD)
Secondary yaw damper (SYD)
Anti-roll bar (Roll bar)
Primary coil spring (PCS)
Primary vertical damper (PVD)
Elastic Joint (EJoint)
Secondary air spring (SAS)
Secondary yaw damper (SYD)
Anti-roll bar (Roll bar)
Longitudinal dampers (LD11lo/hi)
Anti-heel damper (HD)

P Car P2
Car body |M Car M2
Trailer T3

Power
Car
Bogie

MC Bogie
Journal Box
Wheelset

Motorized
Car Bogie

‘TC Bogie
Journal Box
‘Wheelset

Trailer
Car Bogie

Table 3 Structural modes added to the MBS
model of the motor car body

Eigenmode frgqlgg)lcv
mode 2 torsion of car body front 6.3173 Hz
mode 3 torsion + bending 6.3403 Hz
mode 4 1st bending 8.1854 Hz
mode 5 buckling front 8.9433 Hz
mode 7 2nd bending 10953 Hz
mode 8 3rd floor bending 11.174 Hz
mode 12 2nd torsion + 3rd floor bending | 16.775 Hz
mode 15 3rd bending 18.558 Hz
mode 17 3rd .bending + 2nd side wall 20.436 Hz

bending
mode 19 floor- + side wall deformation | 21.344 Hz
mode 20 floor- + side wall deformation | 21.445 Hz
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Table 4 Effective damping coefficients in sec.
dampers and car body dampers

velocity eff. damping

Damper [mvs) [N/m]
PCBogie
SVD +0.08 20,000
SYD +0.05 220,000
SLD +0.07 100,000
MCBogie
SVD +0.04 20,000
SYD *+0.05 220,000
SLD +0.15 23,000
TCBogie
SYD +0.07 240,000
Car Body Dampers
LD1liow 0.05 240,000
LD11lhigh £0.04 225,000
HD +0.08 77,000

#XE€ Table 54| Yelguct
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Table 5 Eigenvalues of car bodies

Eigenmode {Hz) DI-)
sway MC+TC 0,38 -0.3
sway PC 057 -0.15
vertical MC+TC 0.75 -0.28
swing MC+TC 0.75 -0.63
vertical PC 1.18 -0.052
swing PC & hunting Bogies | 1.30...1.29 {-0.39...-0.44
yaw PC 1.69 -0.80
pitch PC 1.76 -0.08
L N _ /HuntingTCBogie
¥ LA ‘q, -
: E VTS
F ra+
e +\* Yokl
o+ +, +
R * [
A "’ . + hb +
= . +0
i L4
§ R -3 a X} il; +-

A
naturel damping (-1

Fig.2 Eigenvalues of initial configuration
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Fig.3 Minimum damping for increasing
damping coefficients of yaw dampers in
MCBogie and PCBogie
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Table 5 Damping coefficients in sec. dampers
for vehicle stability

Damper damping [Ns/m)
PCBogie
SVD 20,000
SYD 250,000
SLD 100,000
MCBogie
SVD 20,000
SYD 360,000 . -
SLD 40,000
TCBogie
SYD ‘ 350,000
Car Body Dampers
LDl1llow 240,000
LD11lhigh : ) 225,000
HD 77,000
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Fig5 Limit cycle calculation :@ variation of

yaw damper and lateral damper
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Table 6 Comfort values in power and motor
car

Location Component | v=160km/h | v=385km/h
Driver cab | avmsm/s‘] 0.21 067
av.max[l'n/SZ] 0.7 20
aznns[rn/sz] 022 0.44
Agmaxlm/s’] 1.2 2.0
MC Center | avmslm/s‘] 0.06 0.13
aymax[m/s?] 0.20 05
az.mm[m/Sz] 0.03 0.09
2z maxlm/s’] 0.12 0.4

fuz)

(a) Driver’'s cab
horizontal

(b) Driver's cab
vertical
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(d) MC Car
vertical

Fig.7 Vertical and lateral accelerations in car
body for reference calculation v=160km/h
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Fig.8 Vertical and lateral accelerations in car
body for reference calculation v=385km/h
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Table7 Ride comfort in power car at 385km/h

A adde FAAFE FANE "er Ut
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Sec. Vertical Horizon Vertical
Damping Ay rms[m/s°] 2 ms[m/s°]
20 kNs/m 0.67 0.54 . .
40 KNs/m 071 053 Table9 Ride comfort in power car at 385km/h
60 kNs/m 0.65 053 Sec. Yaw | Horizontal |  Verteal
80 kNs/m 0.62 052 | Damping . acemlmesl 0 ow i
150 kNs/m 0.50 84
' 250 kNs/m 0.62 0.54
6.3 2% 7Y 2= 54 RN A & 350 kNs/m 0.63 0.54
aF 450 kNs/m 0.:61 0.54
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Table8 Ride comfort in power car at 385km/h

. Horizontal Vertica]
Stiffness . | [/ 2z malm/s”]
634 kN/m 0.59 051
500 kN/m 0.75 0.47
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Tablel0 Changed parameters after optimization

Damper initial damping | final damping
{Ns/m] [Ns/m]

PCBogie

PVD 20,000

SVD 20,000 120,000

SYD 220,000 250,000

SLD 100,000 2x50,000

MCBogie

SVD 20,000 60,000

SYD 220,000 350,000

SLD 23,000 40,000

TCBogie

SYD 240,000 350,000

Car Body Dampers

LDi1llow 240,000 240,000

LDl11lhigh 225,000 225,000

HD 77,000 77,000

Tablell Track data in straight and curved track

Track data 8\57610(:?;5[]““/}13;5
{glé?}]l of straight track 296 615 | 1129
§u1[$]e radius 400 | 3000 | 7000
{gng‘t}h of transition track 624 65 834
et 104 | 108 | 139
ﬁgl [(r:r;xnt] deficiency 100 100 100
Isota[;nt] of excitation 80 125 166
{enng't]h of excitation ramp 2 50 75

vig} o] AT AS HuY si&E Mag
o] a=30m/s’ B¥T FYHG Azl
9 Jt&EE 2,230m/5°Y #E Zed. ojRe
B dFM AMgE FTY AFHSONE HD

Tablel2 Dynamic behavior of vehicle in tare
load condition

Evaluation Items  |Simulation| D¢S81
Criteria
Acceleration of Carbody
Hori~ | max. acc 1.8 15
Power |zontal| single value 23 25
Car | Ver- | max. acc 2.3 15
tical | single value 3.0 25
Hori-!{ max. acc 19 15
Motor |zontal | single value 3.0 25
Car | Ver- max. acc 1.2 15
tical | single value 1.2 25
Hori-| max. acc 1.9 15
Trailer | zontal | single value 3.0 25
Car | Ver- | maX. acc 1.3 15
tical | single value 13 25
Ride Comfort
Horizontal 0.55
PCar Vertical 0.55
Straight Horizontal 0.18
track MCar Vertical 0.16
TCar Hoﬁz?ntal 0.06
Vertical 0.12 05
PCar Horizontal 0.44
Vertical 0.54
Curved MCar Hodz?nml 0.17
track Vertical 0.16
Horizontal 0.14
TCar ™ ertical 0.07
Wheel/Rail Forces
Lateral 75 85
PC Bogie Vertical 170 170
Ratio (Y/Q) 15 12
Lateral 70 85
MC Bogie Vertical 165 170
Ratio (Y/Q) 15 12
Lateral 60 85
TC Bogie Vertical 160 170
Ratio (Y/Q) 15 1.2
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