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Abstract This paper reports the improvement of the lateral ride comfort of a hydrogen railway vehicle,
which is a type of power distribution type railway vehicle. The hydrogen railway vehicle in this study
is a railway vehicle using a hydrogen fuel cell as a power source, which is being developed as a national
research and development project. It is a two-car train. The bogie consists of four units, including two
power bogies and two auxiliary bogies. The ride comfort of hydrogen railway vehicles was evaluated by
dynamic analysis using Vampire, a railway vehicle dynamics software, according to the KS R 9216
standard. The ride comfort of a hydrogen railway vehicle when driving a 5km straight section at
150km/h was 109.2dB, which was 'normal’, and the vertical ride comfort was 98.7-99.1dB. The ride
comfort in the lateral direction needs to be improved. Sensitivity analysis and optimization were
performed on the existing suspension design to improve the lateral ride comfort, which could be
improved by 25.8%. To further improve the lateral ride comfort, it was suggested to change the wheel
profile to S1002 instead of the currently used KNR20. Therefore, changing the wheel profile to S1002
is a simple solution to the excessive vibration in the lateral direction of the vehicle body during an
on-track test.
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Fig. 1. Hydrogen powered train
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Fig. 2. Simulation model of hydrogen powerd train
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Fig. 3. Wheel-rail contact model(KNR20 and KG60)

HA SAHEATFO AASE S S5,
JAL=(Critical speed, V)T HILAo] 2P|
A= &olty. KNR20 AE3} K60 A=E o83t vlA
3 AA&E A= 283km, AF YASE 42
= ARXFE(EC=0.1, Equivalent Conicity)d u)
310km/h, TFEARE(EC=0.9)L W 162km/h& $44
LX) H3 23450l 150km/hi T FobA oHAdE

AoZ AZEYrHFig. 4).

o E ARAF 71&7]Ed o ot
Eotqic). malere] Febdde Akgat
Z-gote F9] A 5f YFFS T B4
MRS W7ol W7 FEOZE X } iﬂr #HYo
T AL} AN 5159 viQl & A
2ol izt AH25<] vl & 7:&%*_ 5
Z1go] Azol F= 3 FY 5= Ak 9 Pzé*é 3
TR GurEEX }% 714713 3.2.2 FHLAlG] B
d Ue 5 23 4% AUy, g4 IS AE
Stoict. WA Table 14 =M F7HR80, R140, R250,
R400)0IA9] PSS Hrbotdedl XY
(Table 2), &% 4 (Fig. 5), BAA(Fig. 6)& 7
FA] o]y et

RN 1)
=
)

oot
Ho of o &

Table 1. Curve condition

ra(cjl?:;, [Tn] Speedlkm/hl Cant(mm] cu:;a{fle?glfhn[m]
80 26 0 15
140 40 35 21
250 60 70 42
400 75 66 40

Table 2. Maximum sum of guiding force at curves
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Fig. 4. Critical speed analysis results

Fig. 5. Wheel weight reduction ratio at curves
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Fig. 6. Derailment coefficient at curves
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Fig. 9. Derailment coefficient at 150km/h

Table 3. Maximum sum of guiding force at 150km/h

Position CriterialkN] Maximum sum of guiding
forcelkN]
Front axle of Mcl 48.7 25.2
Front axle of Mc12] 44.6 23.2
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Fig. 8. Wheel weight reduction ratio at 150km/h

861

Zoz A FYF S Aol Bastn

Table 4. Ride quality criteria of KS R 9216

RMS value

Ride level 2 Assessment
[m/s]
Bellow 100dB Bellow 0.1 Very good comfortable
Over 100dB to Over 0.1 to

bellow 105dB

bellow 0.178

Good comfortable

Over 105dB to
bellow 110dB

Over 0.178 to
bellow 0.315

Not uncomfortable

Over 110dB to
bellow 115dB

Over 0.315 to
bellow 0.562

A little uncomfortable

Over 115dB to

Over 0.562 to

Uncomfortable

bellow 120dB bellow 1

Over 120dB to Over 1 to v fortabl
bellow 125dB | bellow 1.779 ery uncomiortabie
Over 125dB Over 1.779 Extemely uncomfortable
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Fig. 10. Carbody acceleration at 150km/h

Table 5. Ride level of hydrogen powered train

Direction Cars Ride levelldB]
Mcl 109.2
Lateral
Mc2 109.2
Mcl 98.7
Vertical
Mc2 99.1
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Fig. 11. Sensitivity analysis result

Table 6. Optimizion result

Design variables Optimum value
Air spring lateral stiffness(Z3) -20%
Lateral damper damping(,) +30%
Yaw damper damping(Z5) -20%
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Table 7. Ride level improvement after optimization

Initial After optimization
Index | Lateral Acc. Ride Lateral Acc. Ride
RMS[m/s2] level[dB] RMS[m/s2] level[dB]
Average 0.290 109.2 0.215 106.7
Improve- B 25.8%
ment

Table 8. Ride level with S1002 wheel

After optimization and
S1002 wheel
Ride
level[dB]

Initial

Index Ride

level[dB]

Lateral Acc.
RMS[m/s2]

Lateral Acc.
RMS[m/s2]

Average 0.290 109.2 0.137 102.7

Improve-
ment

- 52.8%
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