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Abstract: In this analysis, a method is presented to calculate the critical speed of a railway vehicle by using a
multibody dynamic model. The contact conditions and contact forces between the wheel and the rail are formularized
for the wheelset model. This is combined with the bogie model to obtain a multibody dynamic model of a railway
vehicle with constraint conditions. First-order linear dynamic equations with independent coordinates are derived from
the constraint equations and dynamic equations of railway vehicles using the QR decomposition method. Critical
speeds are calculated for the wheelset and bogie dynamic models through an eigenvalue analysis. The influences of the
design parameters on the critical speed are presented.
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Fig. 1 Displacements of wheel and rail contact point
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Fig. 2 Forces acting on wheel
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Table 1 Mass, spring and damping of the bogie

Bogie 2615
frame 1722, 1476, 3067
Mass [kg] 1503
Mass mom. of inertia[kgn?] | " PeoS 810, 112, 810
155
Axlebox 5 56 5.6
Spring stiffness [N/m] 6.17e+005
Damping rate [N /(m/sec)] 1000

Table 2 bushing data of bogie

k, Radial rate(N/m) 3e+7
k, Axial rate(N/m) 3et+6
k, Torsional rate(Nm/deg) 349
k, Conical rate(Nm/deg) 175
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Fig. 8 Root loci of bogie model
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Fig. 9 Critical speed vs. stiffness and damping
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Fig. 10 Critical speed vs. translational rates of bushing
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Fig. 11 Critical speed vs. rotational rates of bushing
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