

Abstract—For the purpose of investigating the dynamic

coupling mechanism between the high-speed train’s bogie
hunting stability and the traction motor and gearbox, a power
bogie hunting motion model that comprehensively considers the
coupling interaction between the traction motor, gearbox, and
bogie frame is proposed. The model is verified through vehicle
simulation. Based on this, according to Routh-Hurwitz stability
criterion, the influences of traction motor and gearbox’s
vibration isolation parameters as well as the coupling’s
performance parameters on power bogie’s hunting stability are
discussed. This research provides a model reference for power
bogie’s hunting motion stability analysis, and also provides a
theoretical guidance for the design of traction motor and
gearbox’s suspension parameters.

Index Terms—power bogie, traction motor, gearbox, hunting
motion, stability analysis

I. INTRODUCTION
he stability of bogie’s hunting motion is crucial for
train’s safe operation [1,2]. Recently, a large number of

scholars have carried out plentiful valuable research work in
this aspect. However, the hunting motion models established
in these studies are all aimed at trailer bogies [3-6], and are
difficult to effectively characterize power bogie (PB)
system’s hunting motion characteristics containing traction
transmission components. In order to solve this problem,
many scholars have done valuable work on PB system’s
hunting stability [7-13]. However, these studies only
considered the impact of traction motors on the bogie frame.
In fact, for high-speed train’s PB, its traction transmission
components not only contains the traction motor, but also the
gearbox, both of them have a great effect on bogie frame’s
dynamic performance [14,15]. Only by integrating the
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traction motor, gearbox, as well as bogie frame into a whole
system for research can the stability characteristics of the PB
system be effectively characterized, but there is still a lack of
systematic and in-depth research in this aspect.

In this paper, based on the comprehensive consideration of
the coupling interaction between the traction motor, gearbox,
and bogie frame, a high-speed train’s PB hunting motion
model containing traction transmission components is
established, meanwhile, the influences of traction motor and
gearbox’s vibration isolation parameters as well as the
coupling’s performance parameters on PB system’s hunting
stability are discussed.

II. HUNTING MOTION MODEL OF THE PB SYSTEM

A. Physical model
The stability of bogie’s hunting motion belongs to lateral

dynamics problem and has little to do with its vertical degrees
of freedom. Thus, when establishing the hunting motion
model of a bogie system, only its lateral and yaw degrees of
freedom are usually considered [16]. In addition, during the
bogie’s hunting motion, the car body is almost stationary.
Therefore, for the purpose of facilitating mathematical
modeling, when studying bogie system’s hunting stability,
the vibration of the car body is usually not considered, and
only the lateral movement of the bogie system is taken into
account [12]. In view of this, in order to effectively
characterize the PB system’s hunting stability characteristics,
a hunting motion model for PB systems that comprehensively
considers the coupling interaction between the traction motor,
gearbox, and bogie frame is proposed, as shown in Figure 1.
Here, the model includes the lateral and yaw movements of
the bogie frame, traction motor, wheel-set, and gearbox, as
well as the end elastic deformation of the yaw damper,
traction motor lateral damper, and secondary lateral damper
[17], totaling 30 degrees of freedom, specifically: the bogie
frame’s lateral and yaw displacements yb and φb; the first
traction motor’s lateral and yaw displacements ym1 and φm1;
the second traction motor’s lateral and yaw displacements ym2

and φm2; the first gearbox’s lateral and yaw displacements yg1

and φg1; the second gearbox’s lateral and yaw displacements
yg2 and φg2; the first wheel-set’s lateral and yaw
displacements yw1 and φw1; the second wheel-set’s lateral and
yaw displacements yw2 and φw2; the traction motor lateral
damper’s piston rod displacements ye1~ye8; the yaw damper’s
piston rod displacements xs1~xs4, the secondary lateral
damper’s piston rod displacements yd1~yd4. Compared with
traditional PB models, this model fully considers the
coupling interaction between the traction motor, gearbox, and
bogie frame, which is more in line with the actual situation of
the PB systems.
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Fig. 1. Hunting motion model of PB systems considering the influence of traction transmission components

In Figure 1,Mb,Mw,Mm, andMg represent the mass of each
bogie frame, wheel-set, traction motor, and gearbox; Ib, Iw, Im
and Ig represent the yaw moment of inertia of each bogie
frame, wheel-set, traction motor, and gearbox; K1x, K1y and
C1x, C1y are each axle box suspension system’s longitudinal
and lateral stiffness and damping; K2x, K2y and C2x, C2y are the
secondary suspension’s longitudinal and lateral stiffness and
damping; Cs, Ct, and Cmy represent the damping of the yaw
damper, secondary lateral damper, and traction motor lateral
damper; Kds, Kdt, and Kdm are the end connection stiffness of
the yaw damper, secondary lateral damper, and traction
motor lateral damper; Kgx, Kgy and Cgx, Cgy are each gearbox
suspension’s longitudinal and lateral stiffness and damping;
Kmx, Kmy, and Cmx are the traction motor suspension’s
longitudinal stiffness, lateral stiffness, and longitudinal
damping; Kbx, Kby and Cbx, Cby are the longitudinal and lateral
stiffness and damping of the gearbox’s support bearings; Kp,
Kpφ and Cp, Cpφ are the lateral and yaw equivalent stiffness
and damping of the coupling; b is the lateral distance from the
wheel-rail contact point to bogie frame’s mass center; b1, b2,
b3, and b4 are the lateral distances from the bogie frame mass
center to the primary suspension, secondary suspension, yaw
damper, and gearbox suspension; b5 and b6 are the lateral
distances from the bogie frame mass center to the traction
motor suspension system; b7 is the lateral distance from the
traction motor mass center to its suspension center; b8 is the
lateral distance from the gearbox mass center to its support
bearing; b9 and b10 are the lateral distances from the bogie
frame mass center to the gearbox’s support bearing; a is half
of the wheelbase; a1, a2, and a3 are the longitudinal distances
between the bogie frame mass center and the secondary
lateral damper, traction motor suspension, and gearbox
suspension; a4 is the longitudinal distance from the traction
motor mass center to its suspension center; a5 and a6 are the
longitudinal distances from the gearbox mass center to its
suspension center and supporting bearing; v is the train speed.

B. Mathematical model
(1) The first traction motor:
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(2) The second traction motor:
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(3) The first gearbox:
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(4) The second gearbox:
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(5) The bogie frame:
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(5)

(6) The first wheel-set:
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(7) The second wheel-set:
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(8) The secondary lateral damper:
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(9) The yaw damper:
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(10) The first traction motor lateral damper:
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(11) The second traction motor lateral damper:
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In the above equation, r represents wheel’s rolling radius,
W denotes axle load, λ represents wheel tread’s equivalent
taper, f11 and f22 represent the longitudinal and lateral creep
coefficients. Here, f11 and f22 can be represented as [18]

11 11f GabC , 22 22f GabC (12)
in which, G denotes wheel-rail material’s shear modulus, C11

and C22 represent Kalker coefficients, a and b represent
wheel-rail contact ellipse’s long and short half axes.

1/33π
4
Nka m
A

    
,

1/33π
4
Nkb n
A

    
(13)

Here, N=(Mc/2+Mb+2Mw+2Mm+2Mg)g/4, Mc is the car
body mass, g=9.8 m/s2; A=(1/Rr1+1/Rr2+1/Rw1+1/Rw2)/2, Rr1,
Rr2 and Rw1, Rw2 are the principal curvature radii of the rail
head ellipsoid and wheel tread ellipsoid; k=2(1-μ2)/(πE), E
denotes wheel-rail material’s elastic modulus, μ represents
wheel-rail material’s Poisson ratio; m and n are constants
related to β=arccos(B/A); B=(1/Rr1-1/Rr2+1/Rw1-1/Rw2)/2.

III. STABILITY ANALYSIS METHOD

At present, there are mainly two methods employed to
assess railway vehicle’s hunting stability, i.e., the linear and
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nonlinear critical velocity (CV) methods [12]. Although there
are certain differences in the stability results of vehicles
analyzed by these two methods, considering the prominent
advantages of linear CV analysis method, such as high
computational efficiency and ease of analyzing the impact of
parameter changes, it is very suitable for early regularity
exploration work [16,19]. Therefore, it has been extensively
used in bogie’s hunting motion stability analysis. In view of
this, based on the Routh-Hurwitz stability criterion [5,13], by
analyzing the linear CV characteristics of the PB systems, the
dynamic relationship between the traction transmission
components and PB system’s hunting stability is explored.
Here, the specific solving process for linear CV is as follows:

Perform Laplace transform on equations (1) to (11) (i.e.,
substitute 2

i iy s y&& , i iy sy& , 2
i is && , i is & , and j jy sy&

into equations (1) to (11) respectively, where subscripts i=
m1, m2, b, g1, g2, w1, w2; j=e1~e8, s1~s4, d1~d4, s
represents complex variables), and express them in the
following matrix form

0AX (14)
In the formula, A is the coefficient matrix of the X vector

containing the complex variable s; X=[ym1 φm1 ym2 φm2 yb φb

yg1 φg1 yg2 φg2 yw1 φw1 yw2 φw2 ye1 ye2 ye3 ye4 ye5 ye6 ye7 ye8 xs1 xs2

xs3 xs4 yd1 yd2 yd3 yd4]T.
According to equation (14), make the determinant of the

coefficient matrix A equal to 0, that is, |A|30×30= 0, and expand
the complex variable s from high to low order to obtain its
Hurwitz stability criterion characteristic equation, as follows

36
36

0
=0k

k
k
e s 


 (15)

in which, ek is the coefficient of the complex variable s of
each order, k=0,1,2…,36.

Let the determinant value of each coefficient ek in equation
(15) be equal to 0, the following equation will be obtained
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(16)

By transforming the real and imaginary parts of the root Δ
in equation (16), the vibration frequency f and damping ratio
ξ of each mode can be obtained, where f=Im(Δ)/(2π),
ξ=Re(Δ)/|Δ|, Im and Re represent taking the real and
imaginary parts. At a certain speed, when ξ>0, it indicates
that the PB system is unstable, ξ<0 indicates that the PB is
stable, and the train speed at ξ=0 is the PB system’s hunting
motion CV i.e., vc.

IV. VALIDATION OF THE HUNTING MOTION MODEL

For the purpose of verifying the established PB hunting
motion model’s correctness, a high-speed train’s dynamics
model is established by using the dynamics software
SIMPACK, as illustrated in Figure 2 (in which this model’s
correctness has already been verified using the measured data
provided in reference [20]), and the analysis results obtained
from SIMPACK simulation are compared with those of this
paper’s model. The main parameter values of the PB system
can be seen in Table I.

Fig. 2. SIMPACK vehicle dynamics model

TABLE I
SYSTEM PARAMETER VALUES

Parameter Unit Value
Mb kg 3 200
Mw kg 1 870
Mm kg 800
Mg kg 288
Ib kg·m2 3 200
Iw kg·m2 587
Im kg·m2 85
Ig kg·m2 23.7
K1x N/m 1.47×107

K1y N/m 6.5×106

K2x N/m 1.735×105

K2y N/m 1.735×105

C1x N·s/m 5 000
C1y N·s/m 5 000
C2x N·s/m 6 000
C2y N·s/m 6 000
Cs N·s/m 25 300
Ct N·s/m 20 000
Cmy N·s/m 4 000
Kgx N/m 5×106

Kgy N/m 5×106

Cgx N·s/m 1 000
Cgy N·s/m 1 000
Kmx N/m 7.35×106

Kmy N/m 100 000
Cmx N·s/m 1 000
Kbx N/m 1.15×107

Kby N/m 1.15×107

Cbx N·s/m 100
Cby N·s/m 100
Kp N/m 1.0×106

Kpφ N.m/rad 1.0×106

Cp N·s/m 100
Cpφ N·s.m/rad 100

Table II presents the comparison results of the PB hunting
motion’s CV under different traction motor suspension
lateral stiffness obtained from SIMPACK simulation model
and this paper model. As displayed in Table II, the CV values
of the PB system’s hunting motion under the two models
have good consistency, with a relative deviation of less than
7%. The results show that, the PB hunting motion model
considering traction transmission components’ coupling
effect established in this paper is correct, providing a model
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reference for PB system’s hunting motion stability analysis.

TABLE II
COMPARISON BETWEEN CALCULATION RESULTS AND VEHICLE SIMULATION

RESULTS

Kmy/(N/m)
vc/(km/h)

Deviation/%
Model in this paper Vehicle simulation

10 000 397.54 415.26 4.27
25 000 401.14 418.37 4.12
50 000 407.40 423.51 3.80

100 000 420.96 438.90 4.09
200 000 452.10 481.13 6.03
300 000 307.78 325.66 5.49
400 000 291.26 307.50 5.28

500 000 286.58 301.75 5.03

V. THE EFFECT OF TRACTION TRANSMISSION SYSTEM’S
ISOLATION PARAMETERS ON PB SYSTEM’S HUNTING

STABILITY

The key to designing the isolation system for traction
motors and gearboxes is to investigate the dynamic
relationship between the traction transmission system’s
isolation parameters and the PB system’s hunting motion
stability. This section uses the established PB hunting motion
model considering the influence of traction transmission
components, taking the PB system shown in Table I as the
research object, to study the influences of the traction motor
and gearbox’s suspension parameters and coupling’s
performance parameters on the PB system’s hunting motion
stability.

A. The dynamic effect between traction motor suspension
parameters and PB system’s hunting motion
Figure 3 displays the variation law of PB hunting motion’s

CV under different traction motor suspension stiffness.
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Fig. 3. The variation law of PB hunting motion’s CV under different traction
motor suspension stiffness: (a) the influence of longitudinal stiffness Kmx; (b)
the influence of lateral stiffness Kmy

As displayed in Figure 3, as traction motor suspension’s
longitudinal stiffness increases, the PB system’s hunting
motion CV gradually increases, that is, a larger traction motor
suspension longitudinal stiffness is beneficial to improve PB
system’s hunting stability. Additionally, as traction motor
suspension’s lateral stiffness increases, the PB system’s
hunting motion CV first increases, then decreases, and finally
stabilizes. In other words, there exists an optimal traction
motor suspension lateral stiffness, which can ensure that the
PB system has the best stability at this stiffness value.
Compared with large stiffness values, when the lateral
stiffness is less than the optimal value, the PB system can
have a better stability performance. Therefore, when
designing traction motor suspension’s lateral stiffness, it
should be avoided to design it too large.

Figure 4 shows the variation law of PB hunting motion’s
CV under different traction motor suspension damping.
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Fig. 4. The variation law of PB hunting motion’s CV under different traction
motor suspension damping: (a) the influence of longitudinal damping Cmx; (b)
the influence of lateral damping Cmy

As shown in Figure 4, with the increase of the traction
motor suspension’s longitudinal damping, the PB system’s
hunting motion CV slightly increases, and the overall change
is not significant, with a relatively weak impact. Similar to
the influence law of its lateral stiffness, as traction motor
suspension’s lateral damping increases, the PB system’s
hunting motion CV first increases and then decreases, and the
system’s stability first improves and then deteriorates. That is,
there exists an optimal traction motor suspension lateral
damping value, which can ensure that the PB system has the
best stability at this damping value.

By comprehensively analyzing Figures 3 and 4, we can see
clearly that, for the purpose of achieving a good stability
performance for PB system’s hunting motion, a larger
longitudinal stiffness should be reasonably selected when
designing traction motor’s suspension systems. In addition,
we should pay particular attention to matching the traction
motor suspension system with an appropriate lateral stiffness
and lateral damping.
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B. The dynamic effect between gearbox suspension
parameters and PB system’s hunting motion
Figure 5 displays the variation law of PB hunting motion’s

CV under different gearbox suspension stiffness.

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
x 107

405

425

445

460

Kgx/(N/m)

v c / 
(k

m
/h

)

 

 (a)

0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2
x 107

400

410

420

430

440

Kgy/(N/m)

v c / 
(k

m
/h

)

 

 (b)

Fig. 5. The variation law of PB hunting motion’s CV under different
gearbox suspension stiffness: (a) the influence of longitudinal stiffness Kgx;
(b) the influence of lateral stiffness Kgy

From Figure 5, we can see clearly that, as gearbox
suspension’s longitudinal stiffness increases, the PB system’s
hunting motion CV gradually increases. In other words, a
larger gearbox suspension longitudinal stiffness is beneficial
to improve PB system’s hunting stability. Furthermore, as
gearbox suspension’s lateral stiffness increases, the PB
system’s hunting motion CV gradually increases and then
tends to stabilize. Overall, when gearbox suspension’s lateral
stiffness value increases to a certain extent, the PB system’s
stability no longer undergoes significant changes.

Figure 6 shows the variation law of PB hunting motion’s
CV under different gearbox suspension damping. As
displayed in the figure, as gearbox suspension’s longitudinal
damping increases, the PB system’s hunting motion CV
slightly increases, and the PB system’s stability performance
is improved. The gearbox suspension’s lateral damping has
almost no effect on PB system’s hunting stability. Combined
with Figure 5, it is not difficult to find that, gearbox
suspension’s stiffness has a greater impact on PB system’s
stability than damping. In other words, when designing the
gearbox suspension system, we need to pay special attention
to the design of its stiffness parameters.
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Fig. 6. The variation law of PB hunting motion’s CV under different
gearbox suspension damping: (a) the influence of longitudinal damping Cgx;
(b) the influence of lateral damping Cgy

C. The dynamic effect between coupling performance
parameters and PB system’s hunting motion
Figure 7 shows the variation law of PB hunting motion’s

CV under different coupling stiffness.
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Fig. 7. The variation law of PB hunting motion’s CV under different
coupling stiffness: (a) the influence of lateral stiffness Kp; (b) the influence of
yaw stiffness Kpφ

According to Figure 7 (a), we can see clearly that, the
influence of coupling’s lateral stiffness on PB system’s
stability is basically consistent with the traction motor
suspension lateral stiffness. That is, as the lateral stiffness of
the coupling increases, the PB system’s hunting motion CV
first increases and then decreases, and finally tends to
stabilize. There is an optimal coupling lateral stiffness, which
makes the system most stable at this stiffness value. In
addition, on the side smaller than the optimal stiffness value,
the PB system has a higher CV and better system stability.
When the lateral stiffness of the coupling is greater than this
optimal value, the PB system’s hunting motion CV
significantly decreases, namely, the system’s stability
deteriorates. The reason for this situation is that, when the
coupling’s lateral stiffness is greater than a certain value, the
traction motor and gearbox are equivalent to being rigidly
connected together. In this case, if the suspension stiffness
value between the gearbox itself and the frame is large, the
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equivalent mass shared by the traction motor and gearbox as
a whole on the frame will increase, thereby leading to a
deterioration in PB system’s stability. In addition, by
analyzing Figure 7 (b), we can see clearly that, as the
coupling’s yaw stiffness increases, the PB system’s hunting
motion CV first gradually increases and then tends to
stabilize, but the overall change is not significant. Therefore,
a larger coupling yaw stiffness is beneficial to improve PB
system’s hunting stability.

Figure 8 displays the variation law of PB hunting motion’s
CV under different coupling damping.
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Fig. 8. The variation law of PB hunting motion’s CV under different
coupling damping: (a) the influence of lateral damping Cp; (b) the influence
of yaw damping Cpφ

As shown in Figure 8, as coupling’s lateral damping
increases, the PB system’s hunting motion CV increases and
the system’s stability improves. Moreover, as coupling’s yaw
damping increases, the PB system’s hunting motion CV
remains almost unchanged. In other words, the coupling yaw
damping has little impact on PB system’s stability. From the
comprehensive analysis of Figures 7 and 8, it can be seen that,
among the numerous performance parameters of the coupling,
its lateral stiffness has the greatest impact on PB system’s
stability, followed by the yaw stiffness, lateral damping, the
yaw damping having the smallest impact. In order to ensure
that the PB has a good stability, on the premise of matching a
larger yaw stiffness value, we particularly need to pay
attention to the design of the coupling’s lateral stiffness.

It can be seen from the above analysis that, each traction
transmission component and its vibration isolation
parameters have a certain influence on PB system’s hunting
stability. For the purpose of obtaining a more accurate
stability analysis results for high-speed train’s PB system,
and providing a model reference for PB system’s hunting
stability analysis as well as a theoretical guidance for the
design of traction motor and gearbox’s suspension
parameters, it is necessary to integrate each traction
transmission component with the bogie frame into a whole
system for research.

VI. CONCLUSIONS

In this paper, a high-speed train’s PB hunting motion
model that comprehensively considers the coupling
interaction between the traction motor, gearbox, and bogie
frame is proposed. The model is verified through vehicle
simulation. Based on this, the influences of traction motor
and gearbox’s vibration isolation parameters as well as the
coupling’s performance parameters on PB system’s hunting
stability are explored. The main conclusions are as follows:
1) The traction motor suspension parameters have a

significant impact on PB system’s hunting motion
stability. To achieve a good stability, when designing
the traction motor’s suspension system, a larger
longitudinal stiffness should be reasonably selected. In
addition, special attention should be paid to matching an
appropriate lateral stiffness and lateral damping.

2) The gearbox suspension parameters have a certain
impact on PB system’s hunting motion stability, and its
stiffness parameters have a more significant effect than
damping. When designing gearbox’s suspension system,
special attention should be paid to the design of its
stiffness parameters, meanwhile, the stiffness design
value should meet a certain order of magnitude and
cannot be selected too small.

3) The coupling’s performance parameters have a certain
impact on PB system’s hunting motion stability. Among
the numerous performance parameters of the coupling,
its lateral stiffness has the greatest impact on system
stability, followed by the yaw stiffness, lateral damping,
the yaw damping having the smallest impact. In order to
ensure that the PB has a good stability, on the premise of
matching a larger yaw stiffness value, special attention
should be paid to the design of its lateral stiffness.

This study provides a model reference for PB system’s
hunting motion stability analysis, and also provides a
theoretical guidance for the design of traction motor and
gearbox’s suspension parameters.
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