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Abstract. The axle hunting is a coupled lateral and yaw self-oscillatory motion which
is largely determined by wheel-rail contact geometry. The stability of this motion is
an important dynamic problem that determines the maximum operating speed of
railway vehicle. The progressive depreciation in the working time of the railway
vehicles components as wheel wear, can lead to the intensifying of the vibration level.
The weather can influence the lateral creep force coefficient and the hunting motion
critical speed can decrease several times. In this paper is studied the influence of the
wheel conicity and the lateral creep force coefficient to the hunting movement of a
bogie with interconnection.
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1. INTRODUCTION

The hunting motion occurring in case of the railway wvehicles is a
consequence of the reversed conic shape of the wheel rolling surfaces [1, 4]. This
produces a difference in the rolling radii of the two wheels when the wheelset is
displaced to one side. Therefore, the forward velocity of the first wheel is larger
than the forward velocity of the second wheel. This causes a rotation of the axle
toward the center of the track, with the yaw angle continuing to increase until the
axle center moves back to the middle of the track. This motion continues, with the
axle oscillating from side to side in coupled lateral and yaw motion referred to as
axle hunting. Below a certain vehicle riding speed, called the critical speed, the
hunting motion appears as a damped sinusoidal oscillation along the track
centerline. Above this critical speed, the motion becomes unstable and the
displacement increases until the play between the wheel flanges and track is
consumed. As the speed increases, the wheel-track contact force becomes large
enough to cause rail damage, discomfort and eventually can lead to derailment.

The influence of the wheel conicity and the lateral creep force coefficient to
the hunting movement of a wheelset is studied in [1, 2]. Particularly, for the high-
speed passenger trains, the problem of achieving high-speed operation without the

"Institute of Solid Mechanics of the Romanian Academy, www.imsar.ro
2"Politehnica” University of Bucharest

Rev. Roum. Sci. Techn. — Méc. Appl., Tome 57, N° 1, P. 3—-10, Bucarest, 2012



4 Daniel Baldovin, Simona Baldovin 2

hunting instability has always been of interest to vehicle designers [5]. The effect
of primary suspension and the effect of lateral linear stiffness on the hunting
stability of a rail wheelset have been investigated in [6, 7].

The hunting phenomenon often occurs when railway vehicles are run at high
speeds, and represents a coupled oscillation of the wheelset in its lateral
displacement and yaw angle. Many investigations concerning the hunting stability
of trucks running on tangent tracks are to be found in the published literature. The
stability of a track with interconnection axles, in alignment and curved was studied
in [8, 9].

In this paper is analyzed the effect of wheel conicity and the lateral creep
force coefficient to the hunting motion stability of a track with interconnection
axles in alignment.

2. ANALYTICAL MODEL OF BOGIE WITH INTERCONNECTION AXLES

A bogie with interconnection axles is modeled by an oscillating system with
four degrees of freedom. The hunting motion is studied with respect to an inertial
system of reference which moves with a constant velocity along the track
centerline. In Fig. 1, it is shown the physical model of the bogies with
interconnection axles.
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Fig. 1 — Mechanical model of a bogie with interconnection axles.

In this case as is shown in Fig. 1, the movement equations are:
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3. THE SIMULATION RESULTS

The simulation program is in Matlab/Simulink with the following enter
parameters:

Table 1

Wheelset mass my =1500kg
Lateral creep force coefficients Xx =%y =[50...400]
Static load to the wheelset O=75kN
Elasticity coefficients k,=5-10°, k. =10° N/m
Wheel conicity v=[0.1...0.26]
Geometric parameters of the b=1m, ¢e=0.75m
wheelset
Bogie wheelbase a=128m

y;=2mm, y, =0.1
Initial conditions in simulations

Yo =1mm, y, =0.8

In Figs. 2, it is shown the displacement of hunting motion of the first axle in
time and in phases plane for /' = 80 m/s.

This situation is corresponding to a situation before the critical speed of the
hunting movement of the railway axle.

In Figs. 3, it is shown the displacement of hunting motion of the axle in time
and in phases plane for V= 84 m/s; this is corresponding to a situation after the
critical speed of the hunting movement of the railway axle.

In Figs. 4, it is shown the displacement of hunting motion of the axle in time
and in phases plane for V' = 81 m/s; this is corresponding to critical speed of the
hunting movement of the railway axle.
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Fig. 2 — The hunting motion displacement before critical speed.
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Fig. 3 — The hunting motion displacement after critical speed.

In Fig. 5, it is shown the critical speed of hunting motion versus wheel
conicity for some values of the lateral creep force coefficient.
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Fig. 4 — The hunting motion displacement at critical speed.
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Fig. 5 — The critical speed of hunting motion versus wheel conicity.

In Fig. 6, it is shown the critical speed of hunting motion versus the lateral
creep force coefficient for some values of the wheel conicity.
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Fig. 6 — The critical speed of hunting motion versus lateral creep force coefficient.

4. CONCLUSIONS

1. The hunting movement of the bogies with interconnection axles has a
strong dynamic instability for higher speed than critical speed of the hunting
motion and that fact coerce the maximum train speed.

2. The bogies with interconnection axles increase the hunting motion critical
speed compared with conventional bogies.

3. The hunting motion critical speed is decreasing with the wheel conicity
increase, which means that the vehicles with new wheels are increasing the
stability performances of the hunting motion.

4. The hunting motion critical speed of the bogies with interconnection axles
has a maximum value according to the lateral creep force coefficient, situated
between 200 and 300 as is shown in Fig. 6.

Acknowledgements. The authors gratefully acknowledge the financial support of the National
Authority for Scientific Research (ANCS, UEFISCSU), Romania, through PD research project
nr. 210/2010.

Received on December 12, 2011

REFERENCES

1. SIRETEANU, T., SEBESAN, 1., BALDOVIN, D., The influence of damping characteristic on the
stabilization control of hunting motion of a railway vehicle wheelset, Proceedings of the
Romanian Academy — Series A, 11, 4, pp. 355-362, 2010.



10

Daniel Baldovin, Simona Baldovin 8

BALDOVIN, D., SIRETEANU, T., BALDOVIN, S., The influence of the wheel conicity to the
hunting motion critical speed of the high speed railway wheelset with elastic joints
Rev. Roum. des Sci. Techn. — Méc. Appl., 56, 7, pp. 11-19, 2011.

SEBESAN, 1., Dynamics of railway vehicles (in Romanian), Editura Tehnica. Bucharest, 1995.

POLACH, O., Influence of wheel/rail contact geometry on the behaviour of the railway vehicle at
stability limit, Enoc 2005, Eindhoven, Netherlands, 7-12 August 2005, pp. 2203-2210.

. LEE, S.Y., CHENG, Y.C., Hunting stability analysis of high-speed railway vehicle trucks on

tangent tracks, Journal of Sound and Vibration, 282, pp. 881-898, 2005.

ANANT, M., MEHDI, A., Nonlinear investigation of the effect of primary suspension on the
hunting stability of a rail wheelset, ASME Rail Transportation Division, 27, pp. 53-61,
2004.

YABUNO, H., OKAMOTO, T., AOSHIMA, N., Effect of lateral linear stiffness on nonlinear
characteristics of hunting motion of a railway wheelset, Meccanica, 37, pp. 555-568, 2002.

DUKKIPATTI, R.V., NARAYANA SWAMY, S., Lateral Stability and steady state curving
performance of unconventional rail tracks, JSME International Journal, Series C, 45, 1,
2002.

DUKKIPATI R.V., NARAYANA SWAMY, S., Non-linear steady-state curving analysis of some
unconventional rail trucks, Mechanism and Machine Theory, 36, 4, pp. 507-521, 2001.





