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Stability Analysis of Railway Vehicle Featuring MR Damper
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ABSTRACT

This paper presents vibration control performances and stability evaluations of railway vehicle featuring controllable
magnetorheological (MR) damper. The MR damper model is developed and then incorporated with the governing equations of
motion of the railway vehicle which includes vehicle body, bogie and wheel-set. A cylindrical type of MR damper is devised
and its damping force is evaluated by considering fluid viscosity and MR effect. Design parameters are determined to achieve
desired damping force level applicable to real railway vehicle. Subsequently, computer simulation of vibration control and
stability analysis is performed using Matlab Simulink.
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Fig. 1 Railway vehicle model
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Table 1 Motion of railway vehicle

Element Lateral Yaw Roll
1st Wheel-Set oy I
2nd Wheel-Set O3 N
3rd Wheel-Set Og O
4th Wheel-Set o019 o1
1st Bogie-Frame Os Og 07
2nd Bogie-Frame o1 013 O14
Car Body 015 O16 017
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Fig. 2 Cylindrical MR damper
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Table 2. Parameters of railway vehicle

Parameters Unit Value
1/2 Bogie distance | m 13.8
112 Al distaneab m 0706, 105
1/2 Suspension distance di,d2 m 0.985, 1.125
Shear Modulus G MNm™ 808
Rolling Radius of Wheel ro m 0.43
Bogi and Wheel s nuheis | M| 1595.064,0397
Johnson Formula @, ¥ Constant 0.54219, 0.60252
Semiaxis of Contact Ellipse ae, be mm 6.578, 3.934
Weight of Car Body mc Mg 254
Inertia Moment of Car Body Mgm? 767.5,58.4
ley, ler (yaw, roll)
Weight of Bogie Frame mf Mg 3.88
Inertia Moment of Bogie Frame Mgm? 33,157
Ify, lfr (yaw, roll)
Weight of Wheel-Set mw Mg 1.61
Inertia Moment of Wheel-set Iw Mgm? 0.83
1% Suspension Stiffness kp MN/m 9.84(x),6.96(y),2.18(z2)
2" Suspension Stiffness ks MN/m 0.14(x),0.14(y),0.39(2)
nd A A
e Ll
Lateral Track Stiffness ko MN/m 14.6
Rail-flange Clearance % m 0.009

Yaw Displacement (radian)

Attack Angle (Degree)

Imaginary

wueeen Stiffness 1/10
- Stiffness full
—— Stiffness 1/10+MR Damper

Damping Force (N)

0.0 0.4 0.8 12 16 20 0.0 0.5 1.0 15 2.0
Time (sec) Time (sec)

(a) yaw displacement (b) control input (1=2A)
Fig. 4 Control results (v=45m/s)
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..... Stiffness 1/10
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g 02
2 o0
; -0.2
g 0.4
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(a) v=8.3m/s (b) v=13.6m/s
Fig. 5 Attack angle at curve track
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Fig. 6 Stability of full stiffness



Table 3 Parameters of MR damper

Parameters Unit Value
Length of Magnetic Pole L, mm 118
Gap between Magnetic Poles
h mm 1
m
Inside Diameter of Outer
Cylinder Dp (A, =Djxx) mm 69
External Diameter of Inner -
. mm
Cylinder Dr(A =DZxz)
Bingham Parameter ¢, B Constant | 83.46, 1.246
Unstable
) 10
> 4 Stable ! Unstable > Stable Unstable
g §°
D o i D o
E £,
° - R:al * ° ® - R(:al : °
(@) v=35m/s (b) v=40m/s
Fig. 7 Stability of 1/10 stiffness
. <«—Unstable
80
40 Stable Unstable j[o) Stable Unstable
D o = 3 o =
£ £
40! -40
b — 2
-15 -10 -5 o 5 10 15 -15 -10 -5 o 5 10 15
Real Real
(a) v=45m/s (b) v=50m/s
Fig. 8 Stability of 1/10 + MR damper
> 20 Stable Unstable > 20 Stable Unstable
g 20 g 20
E’ o = ? o =
§ -20 § -20

5 10 15

-15 -10 -5 O
Real Real

(a) F,=7000N (b) F,=20000N
Fig. 9 Stability of 1/10 + MR damper with different
damping force (v=50m/s)
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