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Abstract. During the operational life of heavy-haul freight vehicles, the long-term wear between 
components can affect the suspension parameters. Suspension system wear has a significant effect 
on the dynamic performance and wheel wear. Experimental tests are performed to measure the 
changes in suspension system parameters after wear. A dynamic model and wheel wear model of 
the heavy-haul freight vehicles were established to analyze their dynamics and wheel wear 
performance. The results showed that with the wear of the suspension system, the stiffness 
parameters further increase. The dynamic performance of the vehicle system deteriorates after 
suspension system wear, with a decrease in the critical speed and an increase in safety and ride 
indexes. The analysis also reveals that the wheel wear increases as the stiffness parameters 
increase after the suspension system wear. This paper provides a basis for maintaining heavy-haul 
freight vehicle suspension systems.  
Keywords: suspension system wear, suspension test, heavy-haul freight vehicles, vehicle 
dynamics, wheel wear. 

1. Introduction 

Heavy loading has become a common trend in freight transportation on railways. Heavy 
loading improves railway capacity. It also intensifies the interaction between wheels and rails, 
which leads to increased wear on the rail, damage and failure of bogies and track structures. This 
poses a severe challenge to the safe operational performance and operational life of heavy-haul 
freight vehicles and track structures. On the Daqin Line in China, where a 25-ton axle load is used 
for dedicated coal transportation, more than 95 % of the wagon wheels require re-profiling within 
2 years. Wheel-rail wear severely limits the development of heavy haul transportation and even 
poses a risk to operational safety. Thus, it has become one of the core issues in heavy-haul freight 
vehicle technology research [1-3]. 

The issue of vehicle dynamics and wheel wear in railway freight cars has long been a concern, 
and scholars have been devoted to investigating vehicle dynamic performance in heavy-haul 
transportation systems. Sui et al. [4] analyzed wheel diameter difference based on experimental 
data and investigated its influence patterns on wheel wear. Wang et al. [5] developed a dynamic 
model of heavy-haul freight vehicles to study the effects of track parameters (rail cant, track gauge, 
and superelevation) on wheel wear. Hu et al. [6] established a heavy-haul freight vehicle dynamic 
model, primarily examining the influence of anti-warp stiffness on vehicle dynamics. Shvets et al. 
[7] constructed a heavy-haul freight vehicle dynamic model to analyze the impact of axle load 
increases on dynamic performance. Panchenko et al. [8] explored the wear patterns of brake shoes 
in heavy-haul freight vehicle and developed a predictive model to characterize their evolution 
mechanisms. Iwnick et al. [9] system elucidated the dynamic performance and current problems 
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of heavy-haul freight vehicles and guided future development. Bruni et al. [10] established the 
suspension system models and analyzed the vehicle's dynamic performance. Millan et al. [11] 
used the multibody dynamics theory to finely model clearances and friction components in 
heavy-haul freight vehicles, which further enhanced the accuracy of the dynamic model. Kovalev 
et al. [12] conducted relevant research on dynamic modeling and computer-aided modeling for 
heavy-haul freight vehicles. Corrêa et al. [13] developed a dynamic model of heavy-haul freight 
vehicle, focused on analyzing dynamic performance under braking conditions, particularly 
investigating the dynamic evolution in curved track sections. Bernal et al. [14] established a 
dynamic model of heavy-haul freight vehicle and a wheel flat model, proposing a method to 
identify wheel flats using vibration acceleration signals. Sun et al. [15] constructed a heavy-haul 
freight vehicle container coupled dynamic model to study the dynamic response during braking 
scenarios. Corrêa et al. [16] developed a dynamic model of heavy-haul freight vehicle, primarily 
analyzed the effects of the primary suspension and wedge dampers on dynamic performance and 
wheel wear. Zhang et al. [17] established a coupled dynamic model and wear prediction model 
for heavy-duty trucks, investigating the evolution patterns of wheel wear through bench tests and 
track experiments. Zhang et al. [18] focused on studying the influence of braking conditions on 
wheel wear under the long steep gradients in heavy-haul freight vehicles. Fang et al. [19] analyzed 
the evolution mechanisms of flange wear on sharp-radius curves and evaluated the mitigation 
effects of wheel-rail lubrication on flange wear. Fröling et al. [20] investigated the effect of 
concave wheel wear profiles on dynamic performance, as well as conducted experimental 
validation.  

Previous studies have predominantly focused on the effects of wheel wear evolution on vehicle 
dynamic performance, while investigations into suspension system wear remain relatively scarce. 
The degradation of suspension systems in heavy-haul freight vehicles can compromise stiffness 
and damping characteristics, leading to cascading impacts on both dynamic behavior and wheel 
wear patterns. Therefore, this paper systematically investigates the influence of suspension wear-
induced degradation on vehicle dynamic performance and wheel wear mechanisms, specifically 
examining stiffness/damping deterioration thresholds and their coupled effects. This paper first 
analyzed the influence of measured suspension system wear on suspension parameters, then 
established a dynamic model for heavy-haul freight vehicles, and analyzed the effect of suspension 
system wear on dynamics. Finally, the wear model was used to explore the influence of suspension 
system wear on wheel wear in heavy-haul freight vehicles. 

2. Measurement of the suspension system wear  

In the suspension system of heavy-haul freight vehicles, there are a large number of rubber 
components and wear parts. During operation, due to wear and nonlinear interactions, the 
suspension parameters may also change, such as the primary suspension stiffness along 𝑋/𝑌/𝑍 
axis, the vertical stiffness and the lateral stiffness of the center plate. To conduct a statistical 
analysis, the wear depth of different suspension systems is first measured. The wear limits of 
suspension components are of vital importance for maintenance during the maintenance process 
of heavy-haul freight vehicles. The main friction plates, wear plates, inclined plane wear plates, 
inclined wedges, are the main suspensions, which are shown in Fig. 1(a). Axlebox rubber pad is 
typically composed of multiple layers of rubber and metal steel plates alternately bonded to form 
a “sandwich” structure. It is located between the axlebox and the bogie side frame, secured by 
bolts. Through the elastic deformation of the rubber, it absorbs wheel-rail impacts and 
high-frequency vibrations, reducing the transmission of vibrations and noise to the carbody. It also 
restrains lateral and longitudinal displacement of the axlebox, maintaining the relative position 
between the wheelset and the bogie. Wedge block is primarily made of cast iron or cast steel, with 
surfaces often coated with wear-resistant materials. It features single or double inclined angles and 
is installed between the bogie side frame and the bolster. It is commonly paired with spring sets 
to form a friction-damping system. The center plate is fixed at the center of the vehicle body 
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underframe, with a central hole designed for inserting the center pin. It bears the vertical load of 
the carbody and transfers it to the bogie via the lower center plate. 

The suspension wear during the operation of 200,000 kilometers is shown in Fig. 1(b-e). The 
wear of the bearing saddle is stable and minimal, with an average value of wear depth of 0.12 mm. 
The average wear of the inclined wedge friction surface is 0.10 mm. The wear of the main friction 
plate with an average wear of 0.16 mm. The wear on the central plate remained stable. The average 
wear on the heart disk was 0.26 mm. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

Fig. 1. Suspension wear test and the result: a) measurement of wear on axle box rubber pad,  
wedge block, and center plate; b) the wear of the bearing saddle surface; c) the wear of inclined wedge 

friction surface; d) the wear amount of the main friction plate; e) the wear of the central plate 

After 200,000 kilometers of operation on the test train, the parameters of the replaced rubber 
parts were statistically analyzed. Dimensional measurements and stiffness tests were conducted 
on the rubber parts after operation. Within the 200,000 kilometers of operation on the test vehicle, 
the average longitudinal stiffness of the axle box rubber pads f was 18.3 kN/mm, with an increase 
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of 13.7 % in the upper limit of longitudinal stiffness compared to the new product, which is shown 
in Fig. 2. The average lateral stiffness of the new rubber pad was 11.5 kN/mm. The average lateral 
stiffness of the worn rubber pad was 12.5 kN/mm, with an 8 % increase in the upper limit of lateral 
stiffness compared to the new product. The test results indicated no significant expansion of rubber 
cracks, and no carbonization was found internally after dissecting the rubber pads. 

Within the 200,000 kilometers of operation on the test vehicle, the actual working load of 
elastic side bearings still met the requirements for new product stiffness. The maximum increase 
in stiffness was 1.25 % compared to the upper limit. The test results showed a slight increase in 
side bearing stiffness and permanent deformation. The working load variations were not 
significant, and no carbonization was found internally after dissecting the side bearing bodies. 

 
Fig. 2. Stiffness of the suspension system 

3. Establishing the dynamic model of the C80 heavy-haul freight vehicles 

The primary suspension adopts elastic shear pads, while the secondary suspension adopts a 
central spring suspension system with a variable friction damping device and a secondary stiffness 
spring. A side frame elastic lower cross support device is installed between the two side frames. 
The 3D of the bogie model is shown in Fig. 3(a), which comprises two wheelsets, two side frames, 
and a bolster element, incorporating 6-DOFs. Elastic suspension elements are modeled using 
linear constitutive relationships, whereas critical interface clearances – particularly at 
frame/bolster and frame/shear pads – are represented via nonlinear hysteretic operators. The 
vehicle dynamic model of a heavy-haul freight vehicle is shown in Fig. 3(b). Wheel-rail normal 
contact forces were calculated by the Hertz contact theory, with tangential stresses solved through 
the Fastsim algorithm. Contact patch discretization employed a 14×14 mesh, while the wheel and 
rail used the LM wheel profile and CHN60 rail profile. The parameters of the dynamic model are 
shown in Table 1. 

 
a) 

 
b) 

Fig. 3. Heavy-haul freight vehicles dynamic model: a) three-dimensional freight bogie model;  
b) vehicle dynamic model of heavy-haul freight vehicle 
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Table 1. Parameters of MBS vehicle dynamic model 
Notation  Parameter  Value 𝑀௖ Empty/Load carbody mass (kg) 10640/90640 𝑀௧ Bogie side frame mass (kg) 497 𝑀௪ Wheelset mass (kg) 1526 𝐼௖௫ Mass moment of inertia of empty/load carbody about 𝑋 axis (kg·m2) 15352/133990 𝐼௖௬ Mass moment of inertia of empty/load carbody about 𝑌 axis (kg·m2) 150153/861528 𝐼௖௭ Mass moment of inertia of empty/load carbody about 𝑍 axis (kg·m2) 155420/865493 𝐼௧௫ Mass moment of inertia of bogie side frame about 𝑍 axis (kg·m2) 20.7 𝐼௧௬ Mass moment of inertia of bogie side frame about 𝑌 axis (kg·m2) 188.2 𝐼௧௭ Mass moment of inertia of bogie side frame about 𝑋 axis (kg·m2) 172.5 𝐼௪௫ Mass moment of inertia of wheelset about 𝑋 axis (kg·m2) 656 𝐼௪௬ Mass moment of inertia of wheelset about 𝑌 axis (kg·m2) 111.7 𝐼௪௭ Mass moment of inertia of wheelset about 𝑍 axis (kg·m2) 656 𝐾௣௫ Primary suspension stiffness along 𝑋 axis (MN/m)  13 𝐾௣௬ Primary suspension stiffness along 𝑌 axis (MN/m)  160 𝐾௣௭ Primary suspension stiffness along 𝑍 axis (MN/m) 11 𝐾௦௫ Secondary suspension stiffness along 𝑋 axis (MN/m)  3.1 𝐾௦௬ Secondary suspension stiffness along 𝑌 axis (MN/m) 4.2 𝐾௦௭ Secondary suspension stiffness along 𝑍 axis (MN/m) 3.1 

Additionally, there is a clearance between the side bearing roller and the upper side bearing 
surface. The rotational friction torque of the center plate is as follows: 

𝑇௖ = න 2𝜋𝑟ଶ𝜇௖ 𝑃௖𝐴 𝑑𝑟ோ
଴ . (1)

The governing equation parameters are defined as follows: 𝑃௖ is the axial force acting on the 
central disc element, 𝐴 represents its cross-sectional area, 𝑟 corresponds to the geometric radius 
of the planar surface, and 𝜇௖ is the interfacial friction property between contact surfaces. 

For the calculation of the rotational friction torque of the side bearings, the influence of the 
roller clearance needs to be considered: 𝑇௦ = ൜ሺ𝑃௦ + 𝑘௭Δ𝑧ሻ𝜇௦𝑑௦,              Δ𝑧 ≤ Δ𝑐,ሺ𝑃௦ + 𝑘௭Δ𝑐ሻ𝜇௦𝑑௦,              Δ𝑧 > Δ𝑐, (2)

where, 𝑃௦ is the load of the side bearing, 𝑘௭ is vertical stiffness of the side bearing, Δ𝑐 is the side 
bearing roller gap, 𝜇௦ is the friction coefficient of the side bearing surface, and 𝑑௦ is the distance 
from the center of the side bearing. 

To validate the accuracy of the model, the simulation results are compared with actual 
measurement data from the heavy-haul freight vehicle. The vertical acceleration of the side frame 
is compared to verify the accuracy of the model. Fig. 4 shows the time domain and frequency 
domain of the measured and simulated vertical acceleration of the side frame. 

As shown in Fig. 4(c), it can be seen that both the experimental and simulated vertical 
accelerations are mainly distributed between –5 m/s2 and 5 m/s2. From Fig. 4(d), the amplitudes 
of the vertical acceleration within the range of 0-25 Hz are mostly distributed within 0.1 m/s2, with 
dominant frequencies around 3 Hz and 10 Hz. Considering the influence of other factors on the 
actual track, the measured data show larger fluctuations. By comparing the vertical acceleration 
of the side frame, the simulation model closely matches the measured data in both the time and 
frequency domains. Discrepancies exist between field measurements and simulations in the 
frequency domain, primarily due to the following reasons. The complexity of actual track 
conditions, field measurements involve real-world track irregularities and environmental factors 



STUDY ON THE EFFECT OF SUSPENSION SYSTEM FRICTION OF HEAVY-HAUL FREIGHT VEHICLES ON THE OPERATION PERFORMANCE.  
YUFENG CAO, WEIHUA ZHANG, YAYUN QI 

916 ISSN PRINT 1392-8716, ISSN ONLINE 2538-8460  

not fully captured in simulations. The simulation uses the AAR6 track spectrum, which idealizes 
track irregularities and may not represent localized variations. Model rigidity limitations, the 
rigid-body model adopted in the simulation fails to account for elastic modal frequencies (e.g., 
wheel-rail contact dynamics or structural flexibility), leading to deviations from real-world 
behavior. Therefore, the vehicle dynamic model established using the above method can 
effectively simulate the vehicle's operational state. 

 
a) 

 
b) 

 
c) d) 

Fig. 4. Model verification: a) installation of data acquisition equipment and power supply batteries;  
b) placement of acceleration measurement point; c) lateral acceleration of the side  
frame (time-domain); d) lateral acceleration of the side frame (frequency-domain) 

4. Influence of suspension system on dynamic performance 

During the dynamic calculations, both the new parameters and the worn suspension parameters 
are separately utilized. The critical speed is an intuitive way of reflecting hunting stability. The 
determination of critical velocity employs a steady-state evaluation protocol where controlled 
perturbations are introduced during consistent motion. Subsequent monitoring focuses on 
vibrational amplitude decay following stimulus termination to assess dynamic stability. By 
analyzing the influence of new suspension parameters and the worn suspension parameters on 
vehicle dynamics, the critical speeds of the vehicle were calculated for two different parameters. 
The critical speed for the new parameters is 226.1 km/h, while the critical speed for the worn 
parameters is 218.3 km/h, as shown in Fig. 5(a). 

According to the Chinese standard GB/T5599-2019 [21], the ride index (to ensure the integrity 
of transported goods) is evaluated based on the ride index and maximum vibration acceleration. 

The vehicle ride index evaluation predominantly utilizes the Sperling computational model, 
which establishes the relationship: 

𝑊 = 7.08 ඨ𝐴ଷ𝑓 𝐹(𝑓)భబ , (3)
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where 𝑊 is ride quality metric quantifies passenger discomfort levels, 𝐴 and 𝑓 are the root-mean-
square oscillatory acceleration (m/s2) and the dominant spectral frequency component (Hz), and 𝐹(𝑓) are frequency-dependent weighting factors derived from human vibration sensitivity studies 
referred to the standard GB5599-2019 [21]. Ride index: 𝑊 < 3.5 (excellent), 3.5 < 𝑊 < 4.0 
(good). 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

Fig. 5. Dynamic indexes: a) critical speed; b) ride index; c) derailment coefficient;  
d) wheel load reduction rate; e) wheel lateral axle force 

Dynamic indicators related to operational safety mainly include derailment coefficient, wheel 
load reduction rate, and the lateral axle force, with specific limits as follows: 

(1) Derailment coefficient 𝑄/𝑃. 
First limit: 𝑄 𝑃⁄ ≤ 1.2, Second limit: 𝑄 𝑃⁄ ≤ 1.0. 
Where: 𝑄 is the lateral force between the wheel and rail, and 𝑃 is the vertical force between 

the wheel and rail. 
(2) Wheel load reduction rate Δ𝑃/𝑃. 
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First limit: Δ𝑃 𝑃___⁄ ≤ 0.65, Second limit: Δ𝑃 𝑃___⁄ ≤ 0.6. 
Where Δ𝑃 is the reduction in wheel load, and 𝑃___

 is the average wheel load on the loaded and 
unloaded wheels. 

(3) Lateral force. 
The allowable limits for rail lateral force are as follows: 
The limit value of the wheel axle lateral force during straight line and curved track operation 

can be calculated based on the formula above: 𝐻 ≤ 0.85 ⋅ ൬15 + 𝑃௦௧ଵ + 𝑃௦௧ଶ2 ൰, (4)

where: 𝑃௦௧ଵ, 𝑃௦௧ଶ and represent the static load (wheel load) of the left and right wheels, and 𝐻represents the lateral wheelset axle force. 
The worn suspension parameters have reduced the critical speed of the vehicle. The ride index 

and the safety index are shown in Fig. 5(b-e). It can be seen that the worn suspension parameters 
have a relatively small effect on the vertical ride index and lateral ride index, but the corresponding 
ride indexes for the worn suspension parameters have increased. The parameters of the curved 
track are configured as follows: straight line is 200 m, the transition curve is 150 m, the circular 
curve is 300 m, the superelevation is 80 mm, the curve radius is 500 m. The safety indexes are 
also analyzed, which include the derailment coefficient, wheel load reduction rate, and lateral 
force on the wheel axle. It can be seen that the worn suspension parameters have further increased 
the safety indexes, with a relatively small effect on the wheel load reduction rate, while the lateral 
force on the wheel axle and derailment coefficient have increased. When the speed is 60 km/h, the 
derailment of the new parameter and worn parameters are 0.16 and 0.175, the derailment of the 
new parameter and worn parameters are 0.58 and 0.585, and the lateral force on the wheel axle of 
the new parameter and worn parameters are 19.2 kN and 25.5 kN. 

5. Wheel wear performance 

5.1. Wear model 

Jendel's wear model [22] is an advancement of the Archard wear model, which incorporates 
empirical adjustments to the wear coefficient through experimental validation. Precise 
demarcation of these tribological domains requires computational implementation through 
Fastsim algorithms, which simulate interfacial stress distribution to differentiate stationary 
adhesion from relative sliding motions. The methodology fundamentally redefines wear prediction 
by correlating localized frictional work with material loss rates under specific contact mechanics 
conditions: 

𝑉௪௘௔௥ = ቐ𝑘௪(𝑥,𝑦)𝐹ே(𝑥,𝑦)Δ𝑑(𝑥,𝑦)𝐻 , (𝑥,𝑦) ∈ 𝐴௦(𝑡),0, (𝑥,𝑦) ∉ 𝐴௦(𝑡), (5)

where: 𝑘௪ is the material degradation coefficient quantifying wear rate per unit sliding work, 𝐻 
is the surface hardness property reflecting resistance to plastic deformation. 𝐹ே is the normal load 
acting on the tribological interface, Δ𝑑 is the tangential velocity differential between interacting 
surfaces, 𝐴௦(𝑡) is the sliding zone of the contact patch. 

The contact patch is divided into meshes with lengths of Δ𝑥 and Δ𝑦, the integrated Hertz-
Fastsim computational framework discretizes the contact interface into grid elements with defined 
spatial dimensions. Within this numerical scheme, the localized wear magnitude for individual 
computational cells is governed by the following relationship: 
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ℎ(𝑥,𝑦) = 𝑘௪ 3𝐹ேΔ𝑥2𝜋𝑎𝑏𝐻𝑣௫ ඨቆ1 − ቀ𝑥𝑎ቁ మ − ቀ𝑦𝑏ቁ మቇ ൫Δ𝑣௫ଶ + Δ𝑣௬ଶ൯, (6)

where, 𝑎 and 𝑏 are principal semi-axes characterizing the elliptical contact zone dimensions, Δ𝑣௫ 
tangential velocity differential along the rolling direction, Δ𝑣௬ is the lateral velocity component 
perpendicular to primary motion, 𝑣௫ is the nominal transit speed of the wheel relative to the 
contact interface. 

5.2. The wheel wear simulation results 

To further analyze the effect of suspension parameters on wheel wear, the influence of 
longitudinal stiffness and lateral stiffness on wheel wear was calculated separately, as shown in 
Fig. 6-Fig. 7. It can be seen that as the longitudinal stiffness of the primary suspension increases, 
the wheel wear on both the tangent track and the curved track increases. On the straight track, 
when the longitudinal stiffness increased from 14 MN/m to 18 MN/m, the maximum wear depth 
of the No.1 left wheel increased from 10.983 μm to 11.622 μm, while that of the No. 1 right wheel 
increased from 11.309 μm to 11.985 μm. On the curved track, the maximum wear depth of the 
No. 1 left wheel increased from 51.483 μm to 60.183 μm (a 14.45 % increase). This demonstrates 
that longitudinal stiffness has a relatively significant effect on wheel wear. When lateral stiffness 
increases, wheel wear further intensifies. When the primary lateral stiffness increased from 
11 MN/m to 15 MN/m in the curved track, the maximum wear depth of the No. 1 left wheel 
increased from 48.863 μm to 49.54 μm, and that of the No. 1 right wheel increased from 
29.334 μm to 29.609 μm.  

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 6. The influence of longitudinal stiffness variation on tire wear: a) left wheel wear  
of the straight track; b) right wheel wear of the straight track; c) left wheel wear  

of the curved track; d) right wheel wear of the curved track 

The side bearing and inclined wedge are shown in Fig. 8(a), when the side bearing lateral 
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stiffness is changed, the wheel wear increases with the increase in stiffness. When the lateral 
stiffness of the side bearing increased from 50 % to 150 %, on the straight track, the maximum 
wear depth of the left wheel increased from 10.263 μm to 11.618 μm, and the right wheel’s 
maximum wear depth increased from 10.403 μm to 12.018 μm. However, on the curved track, the 
changes in wear depth were minimal. The side bearing wear can cause an increase in wheel wear. 
As the inclined wedge friction coefficient increases, as shown in Fig. 9, the wheel wear on both 
the tangent track and the curved track also increases. It can be seen that when the friction 
coefficient increases from 0.1 to 0.5, on the straight track, the maximum wear depth of the No. 1 
left wheel increases from 10.238 μm to 10.825 μm. The maximum wear depth of the No. 1 right 
wheel increases from 10.569 μm to 11.250 μm. On the curved track, the maximum wear depth of 
the No. 1 left wheel increased from 48.163 μm to 49.263 μm (an increase of 2.28 %). The 
maximum wear depth of the No. 1 right wheel increases from 28.922 μm to 29.457 μm (an increase 
of 1.6 %). It can be concluded that with the wear of the suspension system, the suspension 
parameters of heavy haul freight vehicles will change, thereby affecting the wheel wear. 
Moreover, the deterioration of wear will further affect the dynamic performance. Therefore, it is 
important to effectively monitor the wear of the suspension system during operation. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 7. The effect of axial stiffness variation on wheel wear: a) left wheel wear of the straight track;  
b) right wheel wear of the straight track; c) left wheel wear of the curved track;  

d) right wheel wear of the curved track 

6. Conclusions 

This paper first conducted experimental tests to measure the changes in suspension parameters 
after wear. Then, a dynamic model of heavy-haul freight vehicles was established to analyze the 
vehicle’s dynamic performance and wheel wear due the worn suspension parameters. 

1) Through experimental tests, it was found that the stiffness parameters of the suspension 
system increased after wear. The validity of the dynamic model of the freight vehicle was verified 
by the measured data. In the time domain and frequency domain, the effectiveness of the model 
has been validated. 
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2) The influence of the wear suspension parameters on the dynamic performance was analyzed 
by the dynamic model. The critical speed further decreased, the critical speed for the new 
parameters is 226.1 km/h, while the critical speed for the worn parameters is 218.3 km/h. And the 
ride indexes and safety indexes increased. When the speed is 60 km/h, the derailment of the new 
parameter and worn parameters are 0.16 and 0.175, the derailment of the new parameter and worn 
parameters are 0.58 and 0.585, and the lateral force on the wheel axle of the new parameter and 
worn parameters are 19.2 kN and 25.5 kN. 

 
a) 

 
b) 

 
c) 

 
d) 

 
e) 

Fig. 8. The influence of lateral stiffness of side bearing on wheel wear: a) the three dimension model  
of the bogie; b) left wheel wear of the straight track; c) right wheel wear of the straight track;  

d) left wheel wear of the curved track; e) right wheel wear of the curved track 

3) The Jendel wear model was used to calculate the wear under different parameters. It was 
found that when the suspension parameters and inclined wedge friction coefficient increased, the 
wheel wear also increased. When the longitudinal stiffness increased from 14 MN/m to 18 MN/m, 
on curved track, the maximum wear depth of the No. 1 left wheel increased from 51.483 μm to 
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60.183 μm (a 14.45 % increase). This demonstrates that longitudinal stiffness has a relatively 
significant effect on wheel wear. 

 
a) 

 
b) 

 
c) 

 
d) 

Fig. 9. The effect of inclined wedge friction coefficient on wheel wear: a) left wheel wear  
of the straight track; b) right wheel wear of the straight track; c) left wheel wear  

of the curved track; d) right wheel wear of the curved track 
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