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Wheel wear is unavoidable, which affects the contact performance of the wheel and rail. -is article explores the effects of wheel
profile wear on the static contact and dynamic interaction between wheel and standard fixed frog in heavy haul railway. -e
coupling dynamic models of the vehicle-fixed frog system are established to calculate the change regulation of displacement,
contact force, and acceleration when a vehicle passes through the standard fixed frog at a speed of 50 km/h in the facing move in
the diverging line. Besides, the finite element models of wheel and standard fixed frog at key positions are developed to simulate
the contact patch and distribution of von Mises stress in the regions of the wheel-fixed frog. Compared with the standard profile,
the maximum lateral displacement of the worn profile can be reduced by up to 9mm. -e vertical contact force can be reduced
from 750 kN to 320 kN, and the decrease is 57.3%. -e von Mises stress could decrease up to 34% compared with the standard.
And the results show that the wheel profile wear changes the positions of the wheel-rail contact points along the longitudinal
direction and affects the dynamic interaction of vehicle and standard fixed frog. For the measured worn wheel profiles in this
article, profile wear relieves the dynamic responses and it is good for the nose rail.

1. Introduction

Turnout (switch and crossing) is a crucial part of the railway
system, which enables the train to run from one track to
another. Many types of turnouts are available, while the
single turnout is the most common. Single turnout consists
of a switch panel and crossing panel which are connected by
a closure panel.-e fixed andmovable turnout are two kinds
of turnout.-e structure of the fixed turnout is simple, while
the simplicity of its structure results in the inevitable
“harmful space” problem. -e gap between the narrowest
point of the two wing rails and the tip of the nose rail is called
the “harmful space,” as shown in Figure 1. Although the
movable turnout could avoid the “harmful space,” it requires
more maintenance and entails higher cost because of its
complex structure [1]. Moreover, the movable turnout is not
suitable for the transportation mode of heavy haul railways;

those are large axle weight, high density, and large freight
volume. -us, the fixed turnout accounts for more than 90
percent of turnouts which are used in heavy haul railways
[2–4].

In the crossing panel of single fixed turnout, the
crossing rail is composed of fixed frog (nose rail and wing
rail) and check rail. When the train passes through the
crossing panel in the facing move (the wheel runs on the
wing rail to the nose rail), it is possible that the wheel might
go wrong and cause the train to derail. -is is the purpose
of setting the check rail, which is to force the direction of
the wheels.

In the process of the wheel passing through the turnout
in the facing move, the wheel has an impact on the nose rail.
While, in the trailing move (the wheel runs on the nose rail
to the wing rail), the wheel has an impact on the wing rail.
Due to the inevitable “harmful space” and the inherent
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structural irregularity of the fixed frog, severe vibration will
occur, affecting the safety of train operation and the speed.

Wheel-rail contact behavior in the crossing has been
studied with a number of laboratory experiments and nu-
merical procedures. Lateral and vertical dynamic force and
wheel contact angle with different speed were studied in the
turnout aera [5, 6]. -e characteristics of the wheel-rail
contact geometry relationship of the turnout zone are studied
by Ren and Sun [7]. -en, they investigated the influence of
the nose rails height on the wheel-rail contact characteristics
by the high-speed vehicle/turnout dynamic model [8]. Be-
sides, a vehicle/turnout system dynamic model was estab-
lished to analyze the dynamics capability while passing
through the turnout [9]. A model on the basis of the vehicle-
track coupling dynamic theory was established by Zhai and
Wang to study on the safety of trains when the locomotive
passes through the branch line of turnout. In addition, they
investigated the influence of running speed [10].

Based on No. 42 high-speed turnout, a wheel/rail contact
model, with different point hiding tip structures and wheel
profiles, was established to analyze the characteristics of ir-
regularity in the crossing zone [11]. Li et al. [12] established a
wheel-crossing finite element contact model to study the
contact trails, characteristics, and Mises stress. Wiest et al. [13]
assessed four methods based on calculating contact stress,
contact patch size, and penetration depth in wheel-rail or switch
contact.-e fourmodels are as follows:Hertz and non-Hertzian
method implemented in the computer program CONTACT
and elastic and elastic-plastic finite element contact models
investigated with the commercial code ABAQUS. -e findings
showed that the contact pressure distributions calculated in
Hertz and CONTACT are consistent with the results acquired
from the finite element method, as long as there is no plasti-
fication of the material. And the literature [14] presented a
dynamic finite elementmodel for the process of a wheel passing
the frog. -is model accounts for the dynamic process, the
elastic deformations of the wheel, and the elastic-plastic de-
formations of the crossing. In order to simulate the situation in
which the wheel passes through the frog, the finite element
models have been developed by Pletz et al. [15]. -e dynamic
response of the wheel passing through the frog and the variation
laws of the contact stress and contact status were concluded.

-e above experts ignore the influence of wheel wear on
the wheel-rail relationship. -e wheels wear leads to wheel
profile change and, thus, strongly affects the dynamic per-
formance of vehicles and the static contact performance.-e

calculation of dynamic and static contact performance
makes it possible to properly design the profile of the fixed
frog. Xu et al. [16] studied the contact analysis and dynamic
response of worn rail in the switch rail area of high-speed
train turnout. Chen et al. [17] studied the influence of wheel
profile evolution on the dynamic interaction between the
wheel of high-speed railway and the switch rail in the
turnout. While in heavy haul railway, the fixed frog is
utilized. And the dynamic response is different from the
movable frog used in the high-speed railway.

In this paper, the contact between the wheel which
concluded the full-life cycle profile and the standard fixed
frog is studied in the simulation software Simpack and
ABAQUS.-e influences of wheel profile wear on the wheel/
standard fixed frog contact performance are accounted for in
the simulation. Nominal and measured worn wheel profiles
are used as boundary conditions of wheel-standard fixed
frog contact. -e effects of full-life cycle wheel profile on the
wheel-rail static contact status and dynamic interaction of
vehicle and standard fixed frog in heavy haul railway are
researched. In practice, the frog will also be worn with the
increase of service time.-erefore, future work will study the
contact between wheel profile and wear frog.

2. Wheel and Fixed Frog Profiles

With the increase of trains, the profiles of wheel and fixed
frog change with cumulative abrasion. A series of work has
been conducted to track and test the evolution of wheel
profiles in heavy haul railway, as is shown in Figure 2. Worn
wheel profiles are measured using the instrument named
CALIPRI, a wheel-rail profile measuring instrument. Use the
CALIPRI to measure the worn profile of the wheelsets in the
field. And, then, import the profile wireframe scanned by the
infrared ray of the CALIPRI into the HYPERMESH. -e
profile of the wheel is discretized. -e discrete point data is
generated into prr files and imported into the Simpack to
become a usable worn profile. Nominal profile represents the
LM. Profiles I, II, III, and IV are all measured worn profiles
whose vertical wear loss in the radius of the rolling circle is,
respectively, 1.318mm, 2.622mm, 3.861mm, and 5.759mm.
-e figure shows that the abrasion on the tread is more
severe compared with that on the flange. Moreover, with the
wear of the wheel, its conicity on the tread decreases
gradually. Hence, the tread flattens out. Profile I and profile
II are called initial worn profiles and profile III and profile IV
are called late worn profiles based on the wear loss.

-e nominal geometry of the studied turnout is a
standard design CN75-350-1:12 (curve radius 350m, turn-
out angle 1 :12). According to the change of nose rail width
and the location of frog injury researched in field, the key
sections of the theoretical nose of crossing (Section A) and
10mm (Section B), 20mm (Section C), 30mm (Section D),
40mm (Section E), and 50mm (Section F) mm width of
nose rail, respectively, are analyzed. -e variation of rail
profiles along the turnout is accounted for by sampling the
rail cross sections at several key positions, as shown in
Figure 3. -e spline interpolation method is used to stretch

Switch rail

Nose rail
Wing rail

Check rail
Harmful space

Switch panel Closure panel Crossing panel

Figure 1: Single turnout.
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the key sections to form the required frog in dynamic
software SIMPACK.

3. Calculation of Wheel-Fixed Frog
Contact Geometry

When the vehicle passes through the turnout, the wheel-rail
contact positions could be predicted at the crossing panel. It
may be the wheel flange or tread contacts with the nose rail
or the outside of the wheel tread contacts with the wing rail.

-e minimum distance method is used to determine the
contact point pairs between wheels and frogs, as shown in
Figure 4.-e wheel-rail contact point pairs between different
wheel profiles and fixed frog at Sections D and E calculated
through the principle are indicated in Figure 5. At Section E,
the wheels with different worn profiles all contact with the
nose rail at different lateral displacements. And at Section D,
the wheel with nominal profile, profile I or profile II contacts
with the nose rail. With the wear of the wheel, the wheel
tread wears more seriously than the outside of the wheel
tread. -erefore, the wheel with profile III or profile IV
contacts with the wing rail when the wheel-rail lateral
displacement ranges from −3 to 15mm at Section D.

4. Dynamic Interaction of Vehicle and
Fixed Frog

4.1. Vehicle-Turnout Dynamic Model. -e vehicle-turnout
dynamic model is simulated in the commercial software
SIMPACK. -e calculation model (see Figure 6) includes
two parts: the vehicle model of the Chinese C80 wagon in
Datong-Qinhuangdao heavy haul railway and the turnout
railway, which are connected by a wheel-rail contact model.

-e calculation model of the vehicle includes carbody,
primary and secondary suspension elements, frames, and
wheelsets. In the three-dimensional multibody dynamic
model of the vehicle, carbody, frames, and wheelsets are
implemented as rigid bodies, and the parameters of the
vehicle are listed in Table 1.-e rotary K6 bogies used in C80
trucks are three-piece truck bogies of cast steel. -e rotary
K6 bogie adopts the axle box elastic shear pad as the primary
suspension and the central pillow spring suspension system
with variable friction damping device as the second sus-
pension, in which the second stage stiffness adopts the pillow
spring and, equipped with JC double-acting, often contacts
elastic side bearing. A lower cross support device with side
frame elasticity is arranged along the horizontal plane be-
tween the two sides of the frame, which can effectively
hinder the rhombic deformation between the two sides of

the frame and then improve the rhombic stiffness of the
bogie.-is would help to improve the stability of the bogie in
operation.

-e track is described by the discrete track and sleeper
model, and the trackpad follows the single support model. In
considering the sleeper mass, the track and sleeper are
considered part of the route. -e spring-damping models in
the lateral and vertical directions are employed to connect
with the ground. -e variations in rail cross section and
wheel wear are considered in the calculation dynamic model.
-e vehicle is switching into the turnout track in facing
move in the simulation.

-e wheel-rail relationship is very complex in the
turnout railway because of the variation of rail profiles. -e
wheel-rail geometry has been calculated in advance. -e
precalculated contact points between wheel and rail have
been saved in tables and would be utilized in dynamic
analysis. -e contact points and contact angle determine the
locations and directions of contact force, respectively. Multi-
Hertzian contact theory is used to solve the normal contact
problem and the FASTSIM algorithm is applied for calcu-
lation of the tangential contact force.

-e dynamic calculation could predict the motion of all
parts of the vehicle and forces between different parts. -e
dynamic responses, such as wheel-rail contact force and
relative displacement between wheel and rail could be used
as inputs in the following finite element models.

To simplify the calculation, the model will make the
following assumptions. -e plastic deformation of the
contact zone and the elastic deformation of the rail are not
considered. Although there will be wear and tear in the
service of the train, the frog profile used in this paper is
standard. Likewise, the ballast under the track is not
considered.

4.2. Dynamic Responses. When the vehicle reverse passes
through the fixed frog in the facing move, the wheel first
enters the throat area (−373.6mm∼−733.4mm from the
theoretical nose of crossing) of the frog, then passes through
the theoretical nose of crossing, and finally transitions from
the wing rail to the nose rail (transition zone) until it is in full
contact with the nose rail.

-e effects of wheel profiles wear on the dynamic in-
teraction between vehicle and fixed frog in heavy haul
railway are researched and the simulation is carried out at
the speed of 50 km/h for the vehicle.-e results conclude the
lateral and vertical displacement of wheelset, the vertical
contact force at the side of the crossing panel, and the
vertical acceleration of carbody (the mass center of carbody),
shown in Figure 7. -e x-axis represents the positions along
the longitudinal direction of the crossing panel, and number
0m in the x-axis represents the theoretical point of the frog.

As can be seen from Figure 7(a), the lateral displacement
of all profiles reaches a maximum in front of the theoretical
nose of crossing and in the transition zone. -e standard
profile reaches the maxima before the theoretical nose; the
value is 9mm. Profile II reaches the maxima in the transition
zone, and the value is 7mm. Overall, the lateral displacement

Standard profile Profile I Profile II

Profile III Profile IV

Figure 2: Wheel profiles at different abrasion stages.
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Figure 4: Determination of wheel-rail contact points.
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Figure 5: Continued.
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Figure 5: Distribution of wheel-rail contact pairs. (a) Wheel nominal profile. (b) Wheel profile I. (c) Wheel profile II. (d) Wheel profile III.
(e) Wheel profile IV.

Figure 6: -e vehicle-turnout system dynamic model.
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of the wear wheel is lower than that of the standard wheel.
Compared with other worn profiles, the lateral displacement
of profile II before the theoretical nose is the smallest, close
to 0mm, but the lateral displacement in the transition area is
larger. -e lateral displacement of the profile IV in the
transition region is the smallest and the value is 4mm, and
the lateral displacement before the theoretical nose is 2mm.
It could be inferred that the worn profile could effectively
reduce the lateral displacement of the wheel when it passes
through the frog.

From Figure 7(b), it can be seen that the vertical dis-
placement of all profiles reaches the maximum value in the
throat area, and the variation amplitude of the vertical
displacement in the theoretical nose and transition area is
relatively small, which is stable near a fixed value. -e
maximum vertical displacement of the standard profile is
8mm. In the worn profiles, the maximum vertical dis-
placement of profile IV is the largest; the value is 12mm.-e
maximum vertical displacement of profile I is the smallest,
and the value is 9mm. It could be concluded that the worn
profile might aggravate the vertical displacement of the
wheel through the frog to a certain degree.

From Figure 7(c), it can be concluded that the vertical
contact force of each profile after the tip of the theory (throat
area) reaches the maximum and gradually decreased at both

ends. -e maximum vertical contact force of the standard
profile is the largest, reaching 750 kN. A maximum vertical
contact force of profile IV is the smallest, with a value of
320 kN. On the whole, the vertical contact force of the worn
profile is less than that of the standard profile.

As can be seen from Figure 7(d), the vibration acceler-
ation of all profiles entering the frog and leaving the frog is
relatively large. In the whole process of passing the frog, the
vibration acceleration of the worn profile is less than that of
the standard profile. -e maximum vibration acceleration of
the carbody is 3.3m/s2 for the standard profile and it is 1.1m/
s2 for the worn profile, reduced by 66.7%.-is characteristic is
obvious in the throat area and transition area. Of all the worn
profiles, profile IV performs best, and its vibration acceler-
ation is basically the smallest in the whole process.

It is inferred that wheel profile abrasion has a great
influence on the dynamic interaction between vehicle and
fixed frog. In the crossing panel, the dynamic responses
are the local maximum when the wheel transfers from the
wing rail to the nose rail, which is the possible reason for
the serious wear of the nose rail. For the worn wheel
profiles measured in this study, wheel profile wear re-
lieves the lateral and vertical dynamic responses. It could
be explained by changes of wheel-rail contact points
between the wheel with different profiles and fixed frog.

Table 1: -e parameters of the vehicle.

Parameters Values Units
-e mass of carbody 100000 kg
-e rolling moment of inertia of carbody 48000 kg·m2

-e nodding moment of inertia of carbody 440000 kg·m2

-e yawing moment of inertia of carbody 445000 kg·m2

-e mass of bolster 800 kg
-e rolling moment of inertia of bolster 240 kg·m2

-e nodding moment of inertia of bolster 20 kg·m2

-e yawing moment of inertia of bolster 240 kg·m2

-e mass of side frame 500 kg
-e rolling moment of inertia of side frame 20 kg·m2

-e nodding moment of inertia of side frame 200 kg·m2

-e yawing moment of inertia of side frame 200 kg·m2

-e mass of carrying-saddle 27 kg
-e rolling moment of inertia of carrying-saddle 0.4 kg·m2

-e nodding moment of inertia of carrying-saddle 0.2 kg·m2

-e yawing moment of inertia of carrying-saddle 0.4 kg·m2

-e mass of wedge 10 kg
-e rolling moment of inertia of wedge 0.06 kg·m2

-e nodding moment of inertia of wedge 0.06 kg·m2

-e yawing moment of inertia of wedge 0.08 kg·m2

-e mass of wheelset 1200 kg
-e rolling moment of inertia of wheelset 800 kg·m2

-e nodding moment of inertia of wheelset 110 kg·m2

-e yawing moment of inertia of wheelset 800 kg·m2

-e longitudinal stiffness of the secondary suspension 1.8 MN/m
-e lateral stiffness of the secondary suspension 1.8 MN/m
-e vertical stiffness of the secondary suspension 2.61 MN/m
-e longitudinal stiffness of the primary suspension 14 MN/m
-e lateral stiffness of the primary suspension 10 MN/m
-e vertical stiffness of the primary suspension 170 MN/m
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-e dynamic interaction between the wheel and the fixed
frog is reduced due to the sudden changes of the contact
points in the vertical direction.

5. Analysis of Wheel-Rail Contact Patch and
Distribution of Equivalent Stresses

5.1. Finite Element Model. -e fixed frog profiles have been
designed to be changed along the crossing panel and the plastic
characteristics of wheel and fixed frog have been considered in
the finite element model. So it is applied to determine the
contact patches and calculate the equivalent stresses.

-e ABAQUS software is utilized to establish the finite
element models of the wheel-fixed frog contact, in which the
wheel profiles at different wear stages are considered. -e
wheelset, stock rail, and fixed frog are divided into a finite
number of elements, shown in Figure 8.-e rail bottom is fully
constrained. -e lateral displacement and contact force cal-
culated in Simpack software are used as inputs of the finite
element model.

-e accuracy of calculation mainly depends on the sizes
of elements, but it is often a trade-off between accuracy and
calculative efficiency. To overcome this problem, the

wheelset and rails are meshed into elements with the size of
1mm in the potential contact areas. However, those ele-
ments that are far away from the contact area are meshed
with bigger element sizes; see Figure 9.

In the finite element model, a bilinear kinetic intensify
model is used to represent the elastoplastic characteristics of the
wheel-rail materials, which conforms to von Mises yield cri-
terion and kinetic hardening rule.-e vonMises yield criterion
is expressed by

σe �

��������������������������������
1
2

σ1 − σ2( 
2

+ σ2 − σ3( 
2

+ σ3 − σ1( 
2

 



≥ σs, (1)

where σe is the equivalent stress; σ1, σ2, and σ3 are the
principal stresses; and σs is the yield stress of the material.

When the equivalent stress σe satisfies equation (1), the
material begins to deform plastically. -e kinetic hardening
rule is expressed by

σ �
Eeε, ε≤ εs,

σs + Ep ε − εs( , ε> εs,

⎧⎨

⎩ (2)

where Ee is Young’s modulus; Ep is the strain hardening
modulus; and εs is the total strain at yield point. Ee, Ep, and
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Figure 7: -e comparison of the dynamic interaction of vehicle and fixed frog. (a) Lateral displacement of wheelset. (b) Vertical dis-
placement of wheelset. (c) Vertical contact force. (d) Vibration acceleration of carbody.
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σs of wheel and rail are listed in Table 2 and the equivalent
stress–strain curve of wheel-rail material is shown in
Figure 10.

5.2. Calculation Results. -e dynamic responses of the ve-
hicle and fixed frog, such as normal contact force and lateral
displacement of wheelset are utilized as inputs for the finite
element model. -e finite element method could simulate
the internal stresses of wheel and fixed frog, and the cal-
culations of von Mises stresses for the selected profiles at
Sections D and E are shown in Figure 11.

At Section D, the wheels with nominal profile, profiles I
and II, contact with the nose rail of the fixed frog. With the
wheel profiles wearing, the wheel tread wears more seriously
than the outer side of the wheel, so the wheels with profiles
III and IV contact with the wing rail of the fixed frog. -e
wheels with nominal profile and all worn profiles contact
with nose rail at Section E. It means that the wheels have
already transferred onto the nose rail from the wing rail. And
the above kinetic results show that the wheels have an impact
on the nose rail at the instantaneous transition from wing
rail to nose rail. And that makes the nose rail wear seriously.

-e maximum von Mises stresses of wheel and rail
exceed the material yield limit, which is located in the region
of 2.3–3.5mm right under the surface. -e material of wheel

and fixed frog in this region forms a plastic deformation.
When the plastic deformation accumulates to limit value, the
internal cracks would occur. -e wheel profile wear cannot
always decrease the von Mises stress. At Section E, the wheel
profiles wear worsens the wheel-rail conditions, which leads
to increasing the von Mises stress.

It can be seen from the above figure that the maximum
von Mises stress decreases with the increase of wear at
Section D, from 1336MPa of standard profile to 881.3MPa
of profile IV, with a reduction of 34%.

From the finite element calculation, for the wheel with
profile III or IV, it is known that the wheels contact with the
wing rail at Section D, and at Section E, the wheels contact
with the nose rail. It could be concluded that the wheels
transfer to the nose rail at the range of Section D and Section
E while, for the wheel with the nominal profile, profile I or II,
at Section D and Section E, the wheels contact with nose rail.
And the wheels contact with the wing rail at Section C. So,
the wheels transfer from wing rail to nose rail at the range of
Section C and Section D. -e profile wear makes the
transition position backwards, which is good for the nose rail
because the top head of nose rail is wider.

As shown in Table 3, with the increase of wheel wear, the
contact spot area increased from 73mm2 to 152mm2 in
Section D. -e contact position of the standard profile,
profile I and profile II, is in the nose rail, and the contact

y

z x

Figure 8: -e wheel-rail finite element model.

Figure 9: -e two-dimensional finite elements of wheel-rail contact.
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Table 2: -e values of wheel-rail Young’s modulus, kinetic hardening modulus, and yield stress.

Wheel Fixed frog Stock rail
Young’s modulus (Ee) (GPa) 206 210 206
Strain hardening modulus (Ep) (GPa) 20.6 21 20.6
Yield stress (σs) (MPa) 540 400 460

Wheel
Crossing rail
Stock rail

σ 
(M

Pa
)

0
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ε

Figure 10: Equivalent stress-strain curve of wheel-rail materials.
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+9.700e + 02
+8.730e + 02
+7.760e + 02
+6.790e + 02
+5.820e + 02
+4.850e + 02
+3.881e + 02
+2.911e + 02
+1.941e + 02
+9.711e + 01
+1.216e – 01

+1.559e + 03
+1.429e + 03
+1.299e + 03
+1.169e + 03
+1.039e + 03
+9.905e + 02
+7.797e + 02
+6.498e + 02
+5.199e + 02
+3.901e + 02
+2.602e + 02
+1.303e + 02
+4.531e – 01

(b)

Figure 11: Continued.
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position of the other worn profile is in the wing rail. When
the position of the contact spot changes from the nose rail to
the wing rail, the contact area decreases slightly from
110mm2 to 105mm2. -e contact spot area fluctuates up
and down in the range of 80mm2 as the wheel wear deepens
in Section E.-e contact spot size of profile IV at Section E is
104mm2, which is 30% more than that of the standard

profile. And the location of the contact spot is always on the
nose rail.

In the transition process, there are two-point contact
between wheel and fixed frog and the contact shapes are
shown in Figure 12. -e contact status is long and narrow.
-e length of the contact status is about 21mm to 28mm,
and its width is about 2mm to 5mm.-e contact area is very

+1.264e + 03
+1.159e + 03
+1.053e + 03
+9.480e + 02
+8.428e + 02
+7.375e + 02
+6.323e + 02
+5.270e + 02
+4.217e + 02
+3.165e + 02
+2.112e + 02
+1.060e + 02
+7.111e – 01

+1.446e + 03
+1.326e + 03
+1.205e + 03
+1.085e + 03
+9.642e + 02
+8.437e + 02
+7.232e + 02
+6.028e + 02
+4.823e + 02
+3.618e + 02
+2.413e + 02
+1.209e + 02
+4.036e – 01

(c)

+1.062e + 03
+9.735e + 02
+8.850e + 02
+7.965e + 02
+7.080e + 02
+6.195e + 02
+5.311e + 02
+4.426e + 02
+3.541e + 02
+2.656e + 02
+1.771e + 02
+8.864e + 01
+1.583e – 01

+2.438e + 03
+2.235e + 03
+2.032e + 03
+1.828e + 03
+1.625e + 03
+1.422e + 03
+1.219e + 03
+1.016e + 03
+8.127e + 02
+6.096e + 02
+4.065e + 02
+2.034 + 02
+2.376e – 01

(d)

+8.813e + 02
+8.079e + 02
+7.345e + 02
+6.610e + 02
+5.876e + 02
+5.142e + 02
+4.407e + 02
+3.673e + 02
+2.939e + 02
+2.204e + 02
+1.470e + 02
+7.358e + 01
+1.534e – 01

+1.507e + 03
+1.382e + 03
+1.256e + 03
+1.131e + 03
+1.005e + 03
+8.795e + 02
+7.539e + 02
+6.283e + 02
+5.027e + 02
+3.771e + 02
+2.515e + 02
+1.260e + 02
+3.745e – 01

(e)

Figure 11: von Mises stresses of wheel-rail contact (the above for Section D and the below for Section E). (a) Wheel nominal profile.
(b) Wheel profile I. (c) Wheel profile II. (d) Wheel profile III. (e) Wheel profile IV.
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small so that the wheel and frog damage is more serious than
the common rail. In addition, the centers of the contact
status on the wing and nose rails are not found in the same
longitudinal position. -us, a relative slip occurs between
the wheel and frog, thereby causing both to wear.

6. Conclusions

-e influences of wheel profile wear on the static and dynamic
contact performance of the vehicle and fixed frog in heavy haul
railway are simulated in this article. Both wheel profiles at
different wear stages and the changing cross sections of fixed
frog are as inputs for the simulation. According to the simu-
lation, it could be summarized that

(1) Compared with the standard profile, the maximum
lateral displacement of the worn profile can be reduced
by up to 9mm, but the vertical displacement increases
by up to 4mm. -e vertical contact force can be re-
duced from 750kN to 320kN, and the decrease is as
high as 57.3%. In addition, the vibration acceleration is
also reduced.-e wheel profile wear strongly affects the
dynamic interaction of the vehicle and fixed frog.

(2) -e vertical contact force reaches a maximum of
750 kN after passing through the theoretical nose of
crossing at the range of 20mm–40mm nose rail
width. For the wheels with different wear stages
profiles, they transit from the wing rail to the nose
rail at the width range of 20mm and 40mm when

passing through the fixed frog in the facing move.
-ere are impacts on the nose rail, which make the
nose rail wear seriously.

(3) -e wheel profile wear affects strongly the distri-
bution of the wheel-rail von Mises stress and the
contact patches. -e area of the contact spot in-
creases with the increase of the profile wear, which
makes the vonMises stress decrease accordingly.-e
von Mises stress of profile IV decreases by 34%
compared with the standard profile at 30mm of nose
rail width.-e larger the contact area of the nose rail,
the larger the loading area, and the lighter the wear,
the wider the top surface of the nose rail, which is
good for the nose rail.

-is research could provide fundamental guidance for
the profiles design and optimization of fixed frog and wheel
and grinding of the fixed frog.
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