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Abstract This paper executes a running stability analysis of an evacuation guidance robot system in deep
railway tunnels. The deep railway tunnels that have been developed recently are becoming bigger and
bigger. So, in case of fire within the tunnel, it is necessary to evacuate people from these tunnels with
the help of evacuation guidance robots that are equipped with real-time evacuation control. Since the
evacuation guidance robot runs at high speed during the evacuation, the stability of the rail was verified
by analyzing the stress applied on the rail by the movement of the evacuation guidance robot. Moreover,
by performing a natural frequency analysis with the bolt spacing of the rail, it was verified if the robot
movement causes any resonance by matching the excitation frequency of the train. In addition, the
natural frequency analysis of the evacuation guidance robot moving on the rail was performed to avoid
resonance caused by the dynamic load of the motor causing vibration in the evacuation guidance robot.
Finally, stress and mode analyses based on implicit algorithms were performed using LS-DYNA, a
commercial finite element analysis program, to study the running stability of the robot. The results of
this study suggest they can be used for detailed design considering the running stability of the evacuation

guidance robot.
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Fig. 1. The geometry of a evacuation guidance robot
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Fig. 2. Finite element model of a evacuation
guidance robot
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Stress fields of a evacuation guidance robot
(a) t=0.0s, (b) t=0.3s, (c) t=0.6s
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Fig. 4. Variation of maximum stress with time on rail
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Fig. 5. Distance between bolts on rail
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Fig. 6. 1* mode shape with distance between bolts (a)
1.0m : 106.3Hz, (b) 2.0m : 61.7Hz, (c) 3.0m :
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Fig. 7. 2" mode shape with distance between bolts
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Fig. 8. 3™ mode shape with distance between bolts
(a) 1.0m : 107.5Hz, (b) 2.0m : 64.2Hz, (c)
3.0m : 34.0Hz
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Fig. 9. 4" mode shape with distance between bolts
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Fig. 10. 5" mode shape with distance between bolts
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Fig. 11. Eigenvalue analysis of evacuation guidance
model (2) 1% mode shape, f1=16.8Hz, (b) 2™
mode shape, £2=33.7Hz, (c) 3™ mode shape,
3=36.3Hz, (d) 4™ mode shape, f4=74.5Hz,
(e) 5" mode shape, f5=116.8Hz

A4S 5] S5kl FRRRN AEL
2E9| 54 515 50| FRLY 1]
SelEg e AV 8% o= Btk ¥ A
A A S 28 ) a0t 8o et g
Sl 9eb 4 Q7] WE) A4 47 ol% 183E
0] AAES} WEA] Bt

‘?:_@

iy 4
[e]
o
AR

Z1E
1=

F_.
?9

Py
e
=

=

l‘

& et
& sk
() AL A4F AR 79 2o B 1R
e 5 slgion, AN 15E §U
fe mEl9] 54 1% ol diE U

BB —35%01 S o

b

ol
-

i

ol
Ly

Io

s
e

l

887

@) & =ZollA AR

(1]

o]

1sl= AATL 7FsE AR HInh

A3l= A gH 3110‘91 A
57b IAEE A9E 7HY st9ou, 5 9Yo]
Hyo] &H WgFoz Hxd A9 Y9 Fio]
kA B35 HAE = 7] i $Ha4e

= T
B QHAS @ 1RAES Sl T A=
7} 4a% AoF d&drt

References

W. H. Park, W. M. Cho, C. Y. Kim, T. S. Kwon, D. H.
Lee, "Design and conduct of fire and smoke control
tests in very long and deep tunnels." Asia-pacific
Journal of Multimedia Services Convergent with Art,
Humanities, and Sociology, Vol.8, No.8, pp.245-254,
August. 2018.

DOI : http://dx.doi.org/10.35873/ajmahs.2018.8.8.024

De Santis, A., Siciliano, B., Villani, L, "Fuzzy trajectory
planning and redundancy resolution for a fire fighting
robot operating in tunnels." /n Proceedings of the
2005 IEEE International Contference on Robotics and
Automationroceedings of KIIT Conference, pp.472-477,
2005.

DOI

http://dx.doi.org/10.1109/ROBOT.2005.1570163

S. S. Park, T. O. Kim, K. G. Choi, S. I. Kim, T. W. Bae,
"Development and application for intelligent rail
mobile system for monitoring the underground
electric power facilities." K/EE Summer Conference
2015, pp.400-401, 2015.

X. H. Xiao, G. P. Wu, E. S. Du, S. P. Li, "Impacts of
flexible obstructive working environment on dynamic
performances of inspection robot for power
transmission line." Journal of Central South University
of Technology, Vol.15, No.6, pp.869-876, May. 2008.
DOI : https://doi.org/10.1007/s11771-008-0159-8

J. Li, X. Dong, Z. C. Zheng, Y. Gao, Z. T. Jiang, H. Y.
Xiao, "Modal Analysis of the Line Inspection Robot's
Manipulator." In Applied Mechanics and Materials,
Vol.681, pp.100-105, August. 2017.

DO : https://doi.org/10.4028 /www.scientific.net/AMM.681.100

C. Cai, Q. He, S. Zhu, W. Zhai, M. Wang, "'Dynamic
interaction of suspension-type monorail vehicle and
bridge: numerical simulation and experiment."
Mechanical Systems and Signal Processing, Vol.118,
pp.388-407, 2019.

DOI : https://doi.org/10.1016/i.ymssp.2018.08.062

S. I. Kim, W. S. Chung, E. S. Choi, "A study on the
optimal span length selection of conventional railway
bridges considering resonance suppression." Journal
of the Korean Society for Railway, Vol.8, No.2,
pp.137-144, 2005.




F=A1ettel= A A22d A2, 2021

e
ol>

5(Seung Ho Ahn) (M3l

+ 20094 29 : Aedigtn 243
YTt (TSt

20164 89 : At 413
STt (FshEtAb

+ 201649 8¢ ~ 20209 6% :
ERLe}/ A AT

20204 6¥ ~ @A : FFELY
£d74 AdA+d

TAEoR

A4, d=AF FE¢H

= 3|(Duck-Hee Lee) [Halel]

£ 19974 89 : Aot Eefetel
Beletat (OlaH4AD

£ 2016\ 89 : Aot Eejetel
7AFI (ForaAp

£ 19974 9% ~ @A : FHAE|
£A7Y BYATY

@ED
EL e R EEE

Z X Min Sung Kim) 3|2
20024 2¢ : KAIST 71A5st=t
(FeFetAh
+ 20044 8¢¥ : KAIST 71A&3ta}
(FeHAAD
+ 2010 2¢ : KAIST 71453k}
(ZeHAh
« 20209 2€ ~ @A : AT
=AY AdA+d

Al Bofy

é_‘?\}% FEUA

888



