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A Study on the Running Stability of Train at the High-speed Turnout

Chang-Sung Jeon

High-speed Railroad Systems Research Laboratory, Korea Railroad Research Institute
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Abstract At present, efforts are made to gradually improve the operating speed of the high-speed rail,
which is currently at 300 km/h. In this study, the possibility of enhancement of train operating speed
in a turnout from 300km/h to 400km/h was reviewed through on-track tests and simulation. On-track
tests were conducted at average speeds of 352.1 to 398.0 km/h, and the maximum speed was 401.1
km/h. Bvaluating the safety and riding characteristics with EN 14363 showed that the acceleration was
within the value set by the criteria and deemed safe. A dynamic analysis was performed to predict the
maximum speed of the train in turnout. The dynamic analysis results were verified by a simulation that
used the on-track test data. Moreover, a critical speed analysis predicted that the train could operate
up to 423 km/h. In essence, this study can be used to study the operating speed increase of high-speed

trains.
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Fig. 1. Schematic of turnout system
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Fig. 2. Jeongeup station turnout
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Table 1. Criteria and filter on EN 14363

Items Criteria(m/s%) filter
L . . 12-Ms/5 e £
Bogie lateral acceleration M, = Bogie weight(ton) 10Hz low pass filter
Safety Carbody lateral acceleration 3.0 6Hz low pass filter
Carbody vertical acceleration 3.0 0.4~4.0Hz band pass filter
- Max. R.M.S. -
Rlde, Carbody lateral acceleration 2.5 0.5 0.4~10.0Hz band pass filter
characteristcs
Carbody vertical acceleration 2.5 0.75 0.4~10.0Hz band pass filter
( Te M1 M2 M3 M4 || Mc \ =)

Fig. 3. Configuration of HEMU-430X
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Fig. 4. Acceleration at Jeongeup turnout
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Carbody Lateral Acceleration (Max, m/s?)

Criteria = 3.0 m/s?
3
2+
n
T u n " [
- L
0 1 1 1
340 360 380 400
Speed (km/h)
(b) Carbody lateral acceleration
5| Criteria=3.0 m/s?
21
1+
| |
[ ] I. u
. | |
O 1 1 i
340 360 380 400
Speed (km/h)
(c) Carbody vertical acceleration
5. Safety assessment according to EN 14363
3
Criteria = 2.5 m/s?
2+
1F " [ ]
| |
n | | "
n
O 1 1 i
340 360 380 400
Speed (km/h)

(a) Carbody lateral acceleration(Max.)

166

<o 06
g Criteria = 0.5 m/s?
n 05
=
h4 N
s
9o
8 03 [ ]
2 n
g 02| o N
©
4
3 o1}
Q
£
o]
O 00 1 1 1
340 360 380 400
Speed (km/h)
(b) Carbody lateral acceleration(R.M.S.)
o~ 3
N(n . .
E Criteria = 2.5 m/s?
X
T
2
S 2t
©
o
0]
Q
Q
<
©
Q 1t
5 —
i [1] u L
B
o]
=
o]
O O 1 1 1
340 360 380 400
Speed (km/h)
(c) Carbody vertical acceleration(Max.)
& 09
2 Criteria = 0.75 mis?
E og| Crteria=0.
2
@, 0.7
©
O 05F
Ko}
8 04
g o4t
8 L "
'g 03 " [ ] ] .
> 02} . .
>
I
2 0.1
9]
O o0 1 I 1
340 360 380 400
Speed (km/h)
(d) Carbody vertical acceleration(R.M.S.)
Fig. 6. Ride characteristics assessment




S5 8707 F0149) @ FPAFH] B A7

2.2 393t Mg Sot Faerdd nEH

Al &d AEE &5 HEMU-430X= A2 £7]7]
T7HS 401.1 km/he] &2 sl A7} Qict
AL ¢ F A8 207 1712 238 5 = F
J&EEE d&sy| Yste] dxA) 595 AT EY

a3t =935

%l VAMPIRE[SIE ©l&% &% sH4S st
HEMU-430X 6% 1973 A=} 219 5%} o4 1
4 25t om, olE Fig. 70 YR A=F
TCAOIZD + M1(EEZARD + M2 + M3 + M4 + MC
(BEIAIDZ EE #de] P42 A4 4T
LA AFEEE UIC60-20S,  ZEutdLe XP55
£ o853t

(a) HEMU-430X train model

(b) Front bogie model

Fig. 7. Simulation model of HEMU-430X

2717] 3 AZBFAEE Fig. 83 o] mdYa}
A #717) 7 AANRE ST v F2 A=Ay
o4 Aa B0l 7hA7] 2] oS mAYs] 9
st} I EAHo] Fig 83} go| Fukaka} Alshafo s

167

2 39 &A= 2853t HEMU-430X7F 249¥
" &717] #5390 km/hE 3T 4 si4 A=
Fig. 9o YetWidtt. 7I&=, 2AAr, Aol 4
|9 ARE2 = 22 B Holsh= AS &4
‘81- 2= 21]:]- B‘H/H H]—tﬂoﬂ EHo]— 742 H]—O]-__E EN ]4363
o] FY7As BroIA A FYF 715 A s
AZAe} oF do] AleA ZAIE Fig. 10°] Zo] Yell
At FPEE] e ALt AdEITE FARE
F A HolEg siARe] ASHIHL & 5
k. olwf sfA A gho] Al Aol U FETh
24 AA U= 22 Fig. 804 mEHe #7]7] 7t
o] Eq2| et A Ae EqfAert 25 Aot 7] v
olc,
Lateral irregularity[mm]
’ A (

0 L L
\ 1000

2000

1000 2000

Distance[m]

Fig. 8. Track irregularity of turnout

Carbody lateral Acc.[m/s?]

|
f rim
1000 \ 2000

Bogie lateral Acc.[m/s?]

m
s m "
1000 2000 .

Derailment coef. of right wheel Sum of guide forces of axle

% m M 1000 w 2000
1000 2000

Fig. 9. Simulation examples at 390 km/h

m  Experimental data
—o— Simulation results

Carbody Vertical Acc.[m/s?]

1000 w‘ 2000

Derailment coef. of left wheel

M 1000 %L 2000

w

Criteria = 2.5 m/s?

Carbody Lateral Acceleration (Max, m/s?)

I I
380 400

Speed (km/h)



Fate7| &t el Al A228 A12%, 2021

Fig. 10. Comparison of experimental and
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Carbody lateral Acc.[m/s?]
Speed = 420 km/h

| VR S R PR
f — f

Speed = 421 km/h

Speed = 422 km/h

i » T W
mf' = #ﬁw‘ m mv * w\u i m

Speed = 423 km/h

Fig. 11. Critical speed analysis result
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