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Abstract: - The hunting motions it’s a lateral movement of the railway vehicles is a consequence of the
reversed conic shape of the rolling surfaces. The stability is an important dynamic problem for vehicle
system that determines the maximum operating speed of railway vehicle. To increase the stability
performances of the wheel set it can be used elastic joints and linear dissipation devices, to bogies.
Depends to the horizontal dissipation forces, the critical speed can be increased but the lateral forces can
grow a lot and goes to derailment. In this paper is studied the influence of the linear dissipation into the
hunting motion stability for a wheelset with elastic joints.
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1. INTRODUCTION

The hunting movement occurring in case of the
railway vehicles is a consequence of the reversed
conic shape of the rolling surfaces. If the axle is
transversally displaced, the wheel that finds itself
closer to the rail will have a larger rolling diameter
than the other one, which rolls on a smaller
diameter. The wheels are fixed in a rigid manner to
the axle’s body and therefore, the wheel rolling on a
larger diameter will advance quicker than the other
one, which will always stay behind. The stability is
an important dynamic problem for vehicle system
that determines the maximum operating speed of
vehicle on tracks. Instability must be avoided for any
vehicle at its normal operating speed range
otherwise sever hunting oscillation will occur and
that will worsen the dynamic performance of the
vehicle system on even cause derailment. The high-
speed railway (HSR) has become to be one of the
important transit systems. Particularly with the
advent of the high-speed passenger trains, the
problem of achieving high-speed operation without
the hunting instability has always been of interest to
vehicle designers. Wheel-rail interaction gives the
predominant forces that are responsible for the safe
and faster movement. An understanding of wheel set
dynamics is fundamental to the control of rail-wheel
wear, vehicle stability and ride comfort.

To simulate the running behavior of a railway
vehicle, the wheel sets are usually considered as
rigid bodies; this modeling is regarded to be
sufficient for the low frequency-range below about
50 Hz. The wheel-rail contact is however very
sensitive to even small relative motions of wheel and
rail; so the question arises, whether deformations of
the wheel sets can influence the contact and thereby
the running behavior of the entire vehicle. Beyond a
certain traveling speed, the so called critical speed, a
limit cycle of the wheel sets occurs; this is called
“hunting motion”. Since this motion can lead to
dangerous operational states, its occurrence has to be
avoided in regular operation by a proper mechanical
design of the vehicle. Because a proper design
requires reliable simulations, the influence of
structural elasticity of the Wheel sets and also of the
rails on the simulation results is investigated.

The semi-active control could provide better
performance than the passive control, which has
been verified in many applications by many
researchers [5-12]. Compared to the active control,
the semi-active control has many advantages, such
as lower energy consumption, higher reliability and
simpler structure but the most simple and chip is the
passive systems. So a lot of semi-active control
strategies, such as the semi-active on-off control, the
semi-active continuous control and the sub-optimal
semi-active control, etc, have been applied in many
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fields, including locomotive engineering and civil
engineering. And some smart dampers, such as
magnetorheological (MR) damper [3],
electrorheological (ER) damper are also used as the
control component in semi-active control. Because it
has many advantages, such as lower energy
requirement and insensitivity to the temperature and
circumstance, the MR damper has been used on
many occasions. Also the nonlinear dissipation of
the system of wheelset with elastic joints was
studied to improve the hunting motion stability [1].

The bogies demonstrate limit cycles for all
speeds higher than the critical speed, whereas car
body instability can sometime be suppressed with
increasing speed. Bogie or wheel set instability
possesses safety relevance, as the evolving high
lateral force between wheel and rail could cause
track displacement which in turn could lead to
derailment, fig.1 [4].

Figure 1. A suggestive image with the devastating
hunting motion effect

The paper presents a stability study of wheel set
hunting motion after numerical simulations in a
mechanical model with linear dissipations in both
horizontal way of the axle.

2. THEORETICAL ANALYSES

The mechanical model is presented in fig. 2.
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Figure 2. The mechanical model with axle linear
disipation

Where the damping force is given by the
following relation:

F =cx, (1)
The equations of motion of the axle is given in (2)
moj}+[2(:y +ﬂjy‘+2kyy—2;ggqf -0
Y 2)

2

1,9 +[2cx + 2;(Qe—]‘{" +2bk W +2e40L y =0
v r

Theoretically, the derailment limit occur the
system if:

(zj =0,85 fory=60°
lim , (3)

(zj =12 fory=70°
Q lim

Where Y is total transversal force and Q is the
static weight of the suspended mass

3. NUMERICAL
RESULTS

SIMULATION  AND

The slippage coefficient is given by the Kalker
theory

Gab
X =——0C,
0
Gab
Zy = Q sz 5 D (4)
G(ab)?
As = % Cass
Where G is transversal elasticity modulus given by:
E
G=——, (5)
2(1-9)

For steel is known,
e the elasticity modulus is £ =210 kN / mm”
e the Poisson coefficient is $=0,3 ,
e Q=751
corresponding to a wheel,
e (,,C,,,C, isKalker’s coefficients given

tabular in [3], and are the contact ellipse
principal dimensions. For some values of
those coefficients is obtained [2].

is the weight of the carriage

7. =120..318
7, =130..422> 6)
x, =15..2

in this work was adopted following values of the
slippage coefficients y, =y, =100, y =1,7

The elasticity coefficients in horizontal plane is
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k,=9-10° N/m, k,=5,43-10° N/m , (7)
The initial condition of the simulation model is
¥, =1 mm for the transversal unevenness and
@, =0,5 radians for angular deviation by the

nominal positions of the axle into the railway line.

In figs. 3 is presented the transversal
displacement of hunting motion in time and in the
phase plane before the critical speed.
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Figure 3. The displacement hunting motion before
theoretic critical speed

In figs. 4 is presented the transversal
displacement of hunting motion in time and in the
phase plane after the theoretic critical speed.

As is shown in figs. 4, the displacement of the
hunting motions after theoretic critical speed is no
growing faster like in the linear dissipation case, the
hunting movement is still stabile after 50 %
increasing train speed. In linear case the instability
of the motion appear immediately after critical speed
[1]. In this case of nonlinear dissipation, the
instability appears immediately after the transversal
displacement of the hunting motion is higher than
the maximum transversal clearance between rail and
track.

In figs. 5 is presented the transversal
displacement of hunting motion in time and in the
phase plane at the theoretic critical speed.
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Figure 4. The displacement hunting motion after
theoretic critical speed
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Figure 5. The displacement hunting motion at theoretic
critical speed
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In figs. 6 are presented the variations of hunting
critical speed and the longitudinal force produced by
dissipation versus the dumping -coefficients, in
principal directions, in horizontal plane.
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Figure 6. Variations of hunting motion critical speed and
the longitudinal force in longitudinal direction

In figs. 7 are presented the variations of
longitudinal and transversal force given by
dissipation in longitudinal direction versus the
longitudinal dumping coefficients, in principal
directions, in horizontal plane.
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Figure?. Variations of longitudinal and transversal force
given by dissipation in longitudinal direction

In figs. 8 are presented the variations of total
transversal force with the theoretical derailment
limit and the amplification of longitudinal force
versus the longitudinal dumping coefficients, in
principal directions, in horizontal plane.
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Figure 8. Variations of the total transversal force with the
theoretical derailment limit and the amplification of
longitudinal force in longitudinal direction

In figs. 9...11 is presented the influence of the
transversal dissipation coefficient in the same
characteristics of preview three pictures.
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Figure 9. Variation of hunting motion critical speed and

the longitudinal force in transversal direction
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Figure 10. Variation of longitudinal and transversal force

given by dissipation in transversal direction
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Figure 11. Variation of total transversal force with the
theoretical derailment limit and the amplification of
transversal force in transversal direction

In figs. 12 is presented the variations of hunting
critical speed and the total transversal force in
conditions when the two damping coefficients in
longitudinal and transversal direction, are equal.
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Figure 12. Variation of hunting critical speed and the
total transversal dissipation force when the damping

coefficients are equal
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4. CONCLUSIONS

The hunting motions of the axles with horizontal
elastic joints of the railway vehicles bogies is caused
by the movement to the different rolling ray of the
same axle because of irregular profiles of wheels
and limits the top speed of the railway vehicles.

The hunting movement of the vehicle axle has a
strong dynamic instability for higher speed than
critical speed of the hunting motion and that fact
coerce the maximum train speed.

Using the linear dissipation devices in the both
principal directions in horizontal plane, the hunting
motion critical speed can be significantly increase,
but the transversal forces given by the
supplementary dissipation can grow over the
derailment limit. In this conditions, the critical speed
of hunting motion can be increase just with 50-70 %,
after that the axle rolling can be unsaved because the
increasing of transversal forces.

Like is shown in figs 12, the spectacular
increase of the hunting motion critical speed is
to a value greater than 400 kNs/m of the
damping coefficients, but in this case the
transversal total force has an over limit value
and certainly produces the transversal unsafe
movement of the wheelset.
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