URYEYY ST
H10A 4T 20079 | pp. 431-437

HSAl2| E=XIES

I'SI"_ F =X El:il

Dynamic Modeling of a Railway Vehicle under Braking
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Abstract

This paper describes the dynamic modeling of a railway vehicle when it is under braking force. It is important for
the enhancement of braking performance to establish a proper dynamic model of a railway vehicle because the braking
performance is affected by some dynamic forces generated by a railway vehicle when it undergoes braking. In this
paper, a dynamic model for one vehicle is suggested to compute the dynamic behavior of a railway vehicle in the
HILS(Hardware In-the-loop Simulation) system for the railway vehicle braking devices. To simplify the dynamic
model, friction between a wheel and a rail is assumed that there exist only the static and the dynamic friction forces.
Static friction coefficient is also assumed to be a function of the running speed. Some simulations are carried out with
various braking forces, and the braking characteristics according to the change of the braking force are discussed. This
study can provide some fundamental results to construct the HILS system for braking devices of a railway vehicle,
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Fig. 1. Free body diagram of a rolling wheel on the rail
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Table 1. Modeling parameters for simulation

Parameters (Units) Values
K, (N/m) 2x1.628E6
K, (N/m) 2x6.668E6
G, (N-s/m) 2x4E3
G, (N-s/m) 2x1.6E4
K (N/m) 2x0.34E6
K (N/m) 11.47E6
C,,(N's/m) 2x16E3
G, , (N's/m) 2x2E3

b (m) 2.1
hy (m) 0
hy(m) 0.546
b,(m) 13.8
hy(m) 0.9
m, (kg) 22.8E3
m,(kg) 3.82E3
m,, (kg) 1.64E3
1 (kgm2) 0.0225E3
I(kgm?2) 1.46E3
1 (kgm?2) 434E3
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Fig. 4. Dynamic behavior of a vehicle under 69.8kN of brake shoe
pressing force: (a) displacement and (b) velocity
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oz el olgt BEAAe]l WAsHA Gk Aol U]
ol AL & 4 ek et AFelo] Zob A5
27} oF 4som= @A A7 Vepgck

Fig. St 2187} Ql2telo] 1163kN ) Xeke] A%L =
oluwE Autolck. £/ ulwA WE FHE ARA

re
1
m2t
H
12
o
rr
el}
oA

! H10d K42 20073 435

0.08

0.044
0.00 -~
-0.04
-0.08

0.8

0.4+

0.0+

-0.4 4

08 f T T T ———— T T

Pitch Angle (degree)

Time (sec)

Fig. 6. Pitch angle of each part under skid

150.0k

‘ wheelset 1 i i
100.0K -~ g boispeinan . ol ]

50.0k A—————————

150.0k

LY —

50.0k

150.0k

Dynamic Weight (N)

100.0K 4 g

50.0k

150.0k

100.0k 4

50.0k
4]

Time (sec)

Fig. 7. Dynamic weights of each wheelset under skid

of gruajole] nRART A7) el AR wa 2o}
Aes @ glo] AFo) ZHEtt FASEL oF 15kmh
s7t Ejwl spRAsTt F48 AR 2 AEE] o8 ¥
M) B)70] AP Waol BF7H PRI Fig 62 A
Aol 2 8 ejRke) A2k el Ao 2A A 2%
o 7jgolALt YAtE HEOE 7oAt A gl
S gom] 2L TRkl g4l B e A0 e
) ol o) AHARA7E e AFo) AR AL
A AR AN gl

@71 WAlehe E ThE 2Q10 2 Fig TAM ¥ 4 ol

[*]
_



J
i)

-5

=
w

436 OIAWCODL=SN K10 A4S 200794

e Wheelset 1

Displacement (km}

) | — car body
1 15 20 25 30 35 40 45 50
Time (sec)

wheelset 1
wheelset 2
wheelset 3
—— wheelset 4
bogie 1
bogie 2
- car body

Velocity (kmih)

T T U T T
0 5 10 15 20 25 30 35 40 45 50
Time (sec)

®
Fig. 8. Dynamic behavior of a vehicle under variable brake shoe
pressing force: (a) displacement and (b) velocity
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Fig. 9. Pitch angle of each part with anti-skid algorithm
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Fig. 10. Dynamic weights of each wheelset with anti-skid algorithm
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