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Vibration Analysis of a Bogie Using Linearized Dynamic
Equations of a Multibody System
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Abstract In this paper, linear dynamic equations are derived from nonlinear dynamic equations of constrained multibody
systems using the QR decomposition method. The derived linear equations are applied to a railway vehicle bogie. The
vibration characteristics of the railway vehicle are investigated by calculating the natural mode and transfer function of the
bogie frame in relation to rail-roughness input. The main modes of the bogie were found below 35Hz, and the local modes
above 198Hz. The magnitude of the vertical transfer function varied with the forward velocity due to vertical and pitch
modes, which were influenced by the forward velocity. The magnitude of the lateral transfer function was negligibly small,
and the mode in the longitudinal direction was excited for longitudinal transfer function regardless of the forward velocity.
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Fig. 1 Multibody dynamics model

Fig. 2 Wheel-rail contact condition
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Fig. 3 Multibody dynamics model of a bogie

Table 1 Conditions for dynamic simulation

Mass (kg)/Mass mom. of

Part inertia (kg-m?)

Bogie 2615/1722, 1476, 3067
Wheelset 1600/660, 160, 660
Axlebox 155/2.1, 5.6, 5.6
Spring stiffness (N/m) 6.2et5, 6.2e+5, 7.3 e+5
Damping rate (N/m/sec) 2500

Bushing trans. rate (N/m) 3et7, 5et+7, 3.3et6
Busing rot. rate (N-m/deg) 349, 349, 175

Track gauge (m) 1.435

Tape-circle radius of wheel (m) | 0.46

Table 2 Comparison of calculated vibration modes

Mode Proposed method VI-Rail
number Undamped | Damping | Undamped | Damping Mode
freq.[Hz] ratio freq.[Hz] ratio

1 6.52 1.21E-01 6.58 1.12E-01| Vertical
2 8.11 1.40E-01 8.24 1.29E-01 Roll
3 10.61 [1.99E-01| 10.99 |[1.87E-01 Pitch
4 12.58 [2.00E-03| 12.59 |[2.60E-03| Lateral
5 33.57 |1.60E-08| 3451 |1.99E-08 Yaw
6 3513 |2.60E-03| 36.13 |2.00E-03 [Longitudinal
7 198.51 |1.21E-02| 200.08 |1.07E-02| Axle box
8 203.79 |9.10E-03| 205.01 |8.38E-03| Axle box
9 204.85 |6.80E-03| 206.03 |6.42E-03| Axle box
10 206.48 |7.80E-03| 207.53 |7.32E-03| Axle box
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Fig. 5 Bogie side view
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Fig. 6 Vertical transfer function for vertical displacement input
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