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Safety evaluation of dynamic behavior of Korean tilting train

SNY . AYE . Y. IHY - vEY”

Ji-Won Yoon - Nam-Po Kim - Young-Guk Kim - Seog-Won Kim . Tae-Won Park

Abstract The tilting train is able to tilt its body towards the center of the turning radius, preventing roll-over of
the train as it runs on a curved rail at high-speed. This train, widely accepted for commercial purpose internationally,
is very beneficial in that the operating time is shortened without much capital investment to the infrastructure where
there are many curved rails. Over several years, the Korea Railroad Research Institute (KRRI) has developed such a
train. In this paper, the safety of the Korean tilting train express (TTX) is investigated using a dynamic simulation
model. Since proper safety standards have not been established for the TTX, those for the Korean train express (KTX)
is employed to analyze the safety and ride comfort of the TTX. This study is useful in predicting the behavior of
the TTX and ride comfort, and conforms that designed TTX is stable enough to satisfy the safety standards. It would
be useful to recommend proper normal operating speed and determine the maximum safety speed, according to the
result. Furthermore, it would be possible to provide basic reference data when analyzing the dynamic effect of the
catenary system and the fatigue of the bogie.
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Fig. 1. A model of the tilting train in ADAMS/Rail
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Fig. 3. A driving motor bogie



6§42 UISMEUO=SF K10 R52 20074

2.2 X2 ey

ke 29 33 o] =PItk B3t tiaks 13} A2
HHez Aol gl gEl EXAeKbolster)?t tixl= H=2
2 dAZAso] gtk BAER} Ae 23} Hadld oz AT
of gick. EAejol ol B8 ui7] A QEIBuE 4K
o} gl Heof by TS YehH A 2E0F
HR7h Ao gl

2.3 XiE HEO| Y

Agat Ao YUY WA AET G Y A
UAS WENE RS A Sk oRS o8}
of ofal 1% 49} 59} o] Mg A=Y} RYFS sk

Age wvlel DARYE ol g5t AL wHel FEFY
2 olgslel malystch 17 49 19 5 48R Ax
4% mde molxch

2.4 TN YT 2Y
2§l A2 33T Adelnd de B
B Y 63 1% 7 g

40 40
2 20
a 0
20 -20
850 800 750 700 650 650 700 750 800 850
UZ AE g4 QEZ AE 84
60 60
40 40
» } W » [ \
0 o
.Q -20
-750 -700 700 750 800
AZ Y Y QEZ Y BY

Fig. 4. Cross sectional shape of a rail and a wheel

Fig. 5. A contact model between a rail and a wheel
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Fig. 6. Vertical irregularities of a rail profile
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Fig. 7. Lateral irregularities of a rail profile

Fig. 8. Algorithm for tilting

Table 1. The rail configuration for a curved rail

operation speed
}({::ges Length of | ¢y P P
u transition [mm] Non-tilting | Target speed of
[m] curve [m] train Tilting train
300 75 100 70km/h 100km/h
400 80 110 85km/h 115km/h
600 90 110 100km/h 140km/h
800 100 110 120km/h 160km/h
1000 115 110 135km/h 180km/h
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Fig. 9. Interest points for measuring acceleration and inclination
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Fig. 11. Comparison of Stroke distance of a actuator between a
experiment and simulation model

Table 2. Safety standards according to UIC 518 unit : m/s*

. . Safety
Evaluation List standards
lateral acceleration of a bogie 10.44
Safety lateral acceleration of a carbody 3
vertical acceleration of a carbody 3
lateral acceleration of | MAX 25
a carbody RMS 0.5
Ride stability vertical acceleration of | MAX 2.5
a carbody RMS 0.75
steady state lateral acceleration of Ls
a carbody ’

Table 3. Comparison of axle weight between test and a model

unit : ton
Axle Test(A) Model(B) Rate(B/A:%)
Right Front 12.8 12.8 100
Left Front 13.2 129 95
Right Rear 14.6 14.161 97
Left Rear 13.8 13.1 95
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Table 4. Simulation scenario

I Railway ] Velocity | Tilting
Case 1 Choongbuk Osong -1 80km/h x
Case 2 Choongbuk Osong original speed X
Case 3 Choongbuk Osong original speed O
Case 4 Choongbuk Osong target speeﬂ x
Case 5 Choongbuk Osong target speed4{ O

Table. 5. Result unit: m/s*
List CASEW CASE 2 | CASE 3 | CASE 4 | CASE 5
g | Lateral |5 4 6.76 ERY N/A 6.94
a bogie
£ Lateral | 47 0.74 0.75 N/A 1.23
e | carbody
t
Vertical
Y | cambody | °° 0.5 0.48 NA 0.41
IMAX|RMS MAX|RMS MAX|RMS IMAX|RMS
R| Lateral |51 1012] 04|02 |046]022] NA  |081033
i | carbody
d .
o [ Vertical |6 491033 0450270044 026 WA |043[024
carbody
L e
Lateral Forcel
/Vertical | 038 037 039 NA 031
Force (Q/P)L L
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