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1. Introduction 

The transportation section, as a prerequisite 

and foundation of development, has a 

fundamental and efficient role in the fertility of 

potential opportunities and talents of 

communities, which provides an inseparable link 

between various factors of growth and 

development through the movement of cargo 

and passengers. Meanwhile, rail vehicles as a 

dimension of transportation infrastructure have 

been widely welcomed in developed and 

developing industrial countries because of the 

ability to carry heavy loads over long distances, 

the ability to load and unload massive loads 

faster than other vehicles, more safety, less 

depreciation, less cost, less pollution and, etc., 

have been widely welcomed in developed and 

developing industrial countries. To maintain its 

competitive advantages over other industries, the 

rail transport industry must pay special attention 

to passenger safety and comfort categories. 

Many researchers in different countries use 

analytical simulation to study the dynamic 

properties of line structures. The advantage of 

this will be the replacement of time-consuming 

and costly physical experiments with numerical  

simulation studies on the issues under  

discussion. Various computational models have 

been developed in recent years and  advances 

have been made in this field, which  will be 

reviewed later in later sections [1-11]. 

Kumar et al. [4] performed numerical 

simulations of the vertical dynamic behavior of 

 

International Journal of 

Railway Research 

                 

 

Modeling of a rail suspension system to investigate vertical vibration and effective 

parameters on it 

  

Sajjad Sattari1, Mohammad Saadat1*, Sayed Hasan Mirtalaie1, Mehdi Salehi1, Ali Soleimani1 
 

1Department of Mechanical Engineering, Najafabad Branch, Islamic Azad University, Najafabad, Iran 

ARTICLE INFO  A B S T R A C T 

Article history:  

  Received: 22.04.2022 

  Accepted: 08.12.2022 

  Published: 05.03.2023 

 

 

Railways as a dimension of transportation infrastructure has been widely 

welcomed in developed and developing industrial countries because of the 

ability to carry heavy loads over long distances, more safety, less 

depreciation, less cost, less pollution, etc. Therefore, knowledge of the 

dynamic behavior of the railway is essential for designers and builders. It 

is very important to study the vibration and affected parameters including 

the specifications of the car-body, bogie, primary and secondary 

suspension system, track condition, rail specifications, etc., to assess the 

ride comfort and maintenance. This paper analyzes the effect of different 

parameters of a rolling stock on vertical acceleration and ride comfort by 

modeling a rail vehicle using MATLAB/Simulink.  The First quarter of 

bogie suspension system was performed with step input conditions based 

on mathematical equations, and then the displacement, speed, and 

acceleration performance of the system were evaluated and validated. 

Finally, the effects of rolling stock parameters such as mass, and primary 

and secondary suspension parameters on vertical vibrations and ride 

comfort using root-mean-square (RMS) accelerations and Sperling 

comfort index were evaluated. One of the results showed that changing the 

parameters of the secondary suspension (K1, C1) has the greatest effect on 

the RMS acceleration of the car-body and ride comfort. By 50% reduction 

in the value of K1 and C1, the value of ride comfort (Wz) decreases about 

14% and increases about 9%, respectively. 

Keywords: 

  Railway 

  RMS acceleration 

  MATLAB/Simulink  

  Ride comfort  

  Suspension system 

 

 

 

 

 

 

 

 

 

 

 

 

 

ISSN
: 2

4
2

3
-3

8
3

8
 

 



 Modeling of a rail suspension system to investigate vertical vibration and effective parameters on it 

2       International Journal of Railway Research (IJRARE) 
 

a rail vehicle and investigated the effect of track 

speed and irregularity on ride comfort. They 

used root-mean-square (RMS) accelerations to 

evaluate ride comfort. Leblebici et al. [8] studied 

the RMS response of a half-car model of a high-

speed vehicle with random road excitations and 

showed that RMS vertical and pitch 

accelerations, suspension travel, and tire 

deflections are improved by active suspension 

design. Abood et al. [9] simulated a rail system 

(31-DOF) to investigate the effect of vertical 

secondary suspension stiffness on the ride 

comfort of a railway car-body. Nielsen and 

Igeland [10] investigated the vertical dynamic 

behavior of a railway bogie moving on a rail. 

Graa et al. [11] investigated the effect of vehicle 

speed and rail irregularities on ride comfort 

through numerical simulations (using Largerge 

dynamics). Their model consists of 17-DOF with 

4 wheelsets, 2 bogies, and a car-body; the 

Sperling ride index (ISO-2631) was calculated 

using filtered RMS acceleration to evaluate the 

ride comfort. Some papers [12-15] also 

examined the effect of rolling stock parameters 

such as primary and secondary suspension 

systems, masses, etc. on the critical speed and 

hunting phenomenon. For example, Serajian 

[12] studied the theory of branching, nonlinear 

lateral stability, and hunting behavior of a rail 

vehicle, and analyzed the effect of changing 

parameters on critical speeds. 

Rail vehicles consist of various components, 

such as the car-body, bogies, springs, dampers, 

wheelsets, etc. Figure 1 shows the general model 

of a vehicle. The wagon has two bogies in the 

front and rear positions, each of which has four 

wheels in pairs and is connected by an axle. The 

wheelsets are connected to the bogie through the 

primary suspension system and the bogie is 

connected to the body of the wagon through the 

secondary suspension system. The design of the 

primary suspension is to stabilize the rail vehicle 

in load and weight changes and the secondary 

suspension is to separate the main body from the 

line irregularities (ride comfort). Therefore, 

when vibrations are not maintained within a 

permissible level in a rail vehicle, both the 

comfort and safety of passengers are 

compromised and the service life of parts and 

equipment is reduced (increased maintenance 

costs). Therefore, undesirable vibrations in rail 

transportation systems reduce system 

performance (component failure), wagon 

instability, and track displacement [16-19].  

Although new techniques in manufacturing 

and design guarantee better ride quality in rail 

vehicles, sometimes it is not possible to 

completely eliminate various track defects or 

ground irregularities. The dynamic behavior of a 

train also depends on the load and mechanical 

systems such as springs, dampers, etc. that 

interact with the wheels, the train body, and 

bogies. Maximum body acceleration is one of 

the reasons for rail vehicle ride discomfort, and 

accelerations are mainly due to irregularity in 

tracks that are transmitted to the body through 

the driving parts. To achieve ride comfort, these 

accelerations must be suppressed. To improve 

ride comfort, it is important to better understand 

the route parameters that affect riding behavior 

[9-11, 16-18]. It requires the analysis of vehicle 

parameters in riding behavior and provides 

important information about the impact of each 

parameter on the acceleration response to rail 

vehicle designers. This information can also be 

used to achieve the right combination of design 

parameters, which can help maintain maximum 

acceleration peaks in the standard comfort range, 

 

Figure 1. Schematic of (a) a railway system and freight wagon, and (b) detail of the bogie [19]. 
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which improves the ride. Therefore, the analysis 

of rail vehicle parameters that affect ride 

behavior simulates the real dynamics of the rail 

vehicle system using efficient and reliable 

simulation software and provides better input for 

understanding and designing low-cost rail 

vehicles. 

 This paper discusses the effect of some rail 

vehicle parameters such as body mass, bogie 

mass, wheel mass, primary and secondary 

suspension systems, and the wheel-rail contact 

stiffness on vertical accelerations (body, bogie, 

and wheel), and ride comfort. The analysis was 

performed by modeling and simulating a rail 

vehicle using the Simulink environment of 

MATLAB software. RMS accelerations were 

compared for evaluation and the relevant 

equations were used to evaluate the ride comfort.  

 

2. Evaluation criteria (RMS acceleration 

and comfort index) 

The rail vehicle consists of a locomotive, car-

body, bogie, primary and secondary suspension, 

and wheelsets. As the train travels along the 

track, it forms an interaction system with the rail 

track. The dynamic analysis of such a system 

will mainly cover the following issues: (a) check 

the safety of trains along the tracks, (b) evaluate 

the existing tracks, etc., and (c) determine the 

quality of the trains’ riding quality [20]. Ride 

comfort is affected by two general factors (based 

on physical factors); some due to the movement 

of the rail vehicle, such as vibrations and noise, 

while others due to the environmental conditions 

inside the rail vehicle such as temperature, 

humidity, and air speed, lighting or interior 

accessories and decoration (for example shape 

and location of seats). Among all the factors 

affecting comfort, the vibrations of rail vehicles 

are considered the main factor in determining 

ride comfort [21-23]. Various evaluation 

methods for ride comfort have been developed 

with selective applicability depending on the 

traffic type, such as urban, suburban, 

underground, long-distance, etc. The most 

commonly accepted principles of vibration 

perception evaluation are laid out in the 

international standard ISO 2631 [24-26], the 

evaluation criteria based on the Sperling index 

[27-28], and the standard UIC 513 [29] proposed 

by the international union of railways and 

included in the European standard EN 12299 

[30]. The ride index Wz method was brought to 

Germany by Sperling in the mid-20th century, 

and it provides the most well-known evaluation 

method for the ride comfort and ride quality of 

railway vehicles. It introduces the concept of the 

ride comfort index (Wz ride comfort index) [17, 

31]. The sperling index was derived using the 

results obtained from the model. The 

acceleration of the car-body in the time domain 

(Z̈c (t)) is computed. The vertical car-body 

accelerations are transformed into the frequency 

domain through the Fast Fourier Transform 

(FFT) of (Z̈c (t)) as indicated under [32]: 

{𝑍�̈�(f)} = {𝐹𝐹𝑇(𝑍�̈�(𝑡))}                                  (1) 

Subsequently, the weighted car-body vertical 

acceleration in the frequency domain {𝑍�̈�(f)}𝑤) 
is obtained based on Sperling frequency filter as 

under [32-33]: 

Table 1. Sperling’s comfort index and vehicle ride quality index [32, 35] 

𝐖𝐙 Ride comfort 𝐖𝐙 Vehicle ride 

1.0 Just noticeable 1.0 Very good 

2.0 Clearly noticeable 2.0 Good 

2.5 More pronounced but not unpleasant 3.0 Satisfactory 

3.0 Strong, irregular, but still tolerable 4.0 Acceptable for running 

3.25 Very irregular 4.5 Not acceptable for running 

3.5 Extremely irregular, unpleasant, annoying; 

prolonged exposure intolerable 
5.0 Dangerous 

4.0 Extremely unpleasant; prolonged exposure harmful 
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{𝑍�̈�(f)}𝑤 = {𝐵(𝑓)}. {𝑍�̈�(f)}                                  (2) 

where 

{𝐵(𝑓)} =

{0.588 [
1.911𝑓2+(0.25𝑓2)2

(1−0.277𝑓2)2+(1.563𝑓−0.0368𝑓3)2
]
0.5

}     (3) 

 In equation (3), f represents the frequency (Hz). 

The weighted vertical acceleration in the time 

domain is derived through Inverse Fourier 

Transform (IFT) [32, 34] of {𝑍�̈�(f)}𝑤 as under: 

{𝑍�̈�(t)}𝑤 = 𝐼𝐹𝑇({𝑍�̈�(f)}𝑤)                                  (4) 

     Finally, Sperling Index (WZ) is obtained 

using equation (5) in which 𝑎𝑟𝑚𝑠 is the RMS of 

{𝑍�̈�(t)}𝑤 [32-33]: 

𝑊𝑍 = 4.42(𝑎𝑟𝑚𝑠)
0.3                                       (5) 

To evaluate the ride quality and ride comfort of 

a railway vehicle, the ride index (Wz) was 

introduced by Sperling. Sperling’s comfort level 

characterization is given in Table 1. Therefore, 

the effects of rail vehicle parameters on vertical 

vibrations and ride comfort using RMS 

accelerations (acceleration-time curves) and 

Sperling comfort index were evaluated and 

comprehensive explanations are provided in the 

following sections. 

 

3. Modeling 

3.1. Modeling method 

In this study, first, a suspension system (ICF 

bogie) was simulated by MATLAB/Simulink 

according to the research of Karthik et al. [36]. 

Figure 2 shows the model of the rail vehicle in 

this study (a quarter is modeled). The component 

specifications are characterized as car-body with 

the mass of M1, the body of bogie with the mass 

of M2, and the wheel with the mass of M3 and the 

displacements of U1, U2, and, U3 for body, 

bogie, and wheel respectively (the track input is 

represented by t). Primary and secondary 

suspension systems include springs and dampers 

with K2, C2, K1, and C1, and K3 is rail-wheel 

contact stiffness. In the study paper [36], the 

performance of a rail suspension system was 

simulated using MATLAB/Simulink under step 

input conditions, and displacement, speed, and 

acceleration diagrams were extracted over time. 

The simulations performed in this work neglect 

any track irregularities and assume the new 

wheel to be rolling on a smooth, level, and 

tangent track [15, 36-38].  

The mathematical equations with 3-DOF are 

developed for the model shown in Figure 2. By 

considering the free body diagrams of all the 

masses, Newton’s second law of motion is 

applied. The corresponding equations are: 

𝑀1�̈�1 = −𝐶1(�̇�1 − �̇�2) − 𝐾1(𝑈1 − 𝑈2)         (6)     

𝑀2�̈�2 = −𝐶1(�̇�2 − �̇�1) − 𝐶2(�̇�2 − �̇�3) −

𝐾1(𝑈2 − 𝑈1) − 𝐾2(𝑈2 − 𝑈3)                          (7) 

𝑀3�̈�3 = −𝐶2(�̇�3 − �̇�2) − 𝐾2(𝑈3 − 𝑈2) −

𝐾3(𝑈3 − 𝑡)                                                       (8) 

The state variable form of the above equations is 

given by, 

�̇� = 𝐴𝑌 + 𝐵𝑍                                                   (9) 

where 

�̇� =

[
 
 
 
 
 
 
�̇�1

�̇�2

�̇�3

�̇�4

�̇�5

�̇�6]
 
 
 
 
 
 

, 𝑌 =

[
 
 
 
 
 
𝑌1

𝑌2

𝑌3

𝑌4

𝑌5

𝑌6]
 
 
 
 
 

, 𝑍 =

[
 
 
 
 
 
0
0
0
0
0
𝑡]
 
 
 
 
 

                            (10) 

𝐵 =

[
 
 
 
 
 
 
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0

0 0 0 0 0
𝐾3

𝑀3]
 
 
 
 
 
 

                           (11) 

𝐴 =

[
 
 
 
 
 
 
 

0 0 0 1 0 0
0 0 0 0 1 0
0 0 0 0 0 1

−𝐾1

𝑀1

𝐾1

𝑀1
0

−𝐶1

𝑀1

𝐶1

𝑀1
0

𝐾1

𝑀2

−(𝐾1+𝐾2)

𝑀2

𝐾2

𝑀2

𝐶1

𝑀2

−(𝐶1+𝐶2)

𝑀1

𝐶2

𝑀2

0
𝐾2

𝑀3

−(𝐾2+𝐾3)

𝑀3
0

𝐶2

𝑀3

−𝐶2

𝑀3 ]
 
 
 
 
 
 
 

 (12) 

 
Figure 2. Dynamic suspension model for simulation. 
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The equivalent Simulink model of the system is 

created according to the equations (6), (7), and 

(8) as shown in Figure 3. 

In the present article, according to Table 2 [20], 

the effect of each of the mentioned parameters 

on the vertical acceleration of the body, bogie, 

and wheel has been investigated. Also, 

according to the sperling index (equation 5), the 

ride comfort level has been calculated. 

In this study, any curve is not considered and it 

is limited to straight lines, which means that 

there is only vertical interaction between the 

vehicle and the track. Therefore, only the vertical 

vibration of the vehicle in the simulation was 

considered. The sperling index (one of the most 

widely used indexes in railway research [39-41]) 

was used to provide the level of ride comfort.  

Table 2. Body, bogie, and wheel parameters. 

Values Symbol Parameters 

3500 (kg) M1 Mass of the car body 

250 (kg) M2 Mass of the bogie 

350 (kg) M3 Mass of the wheel 

0.14×106 (N/m) K1 Secondary spring stiffness 

1.26×106 (N/m) K2 Primary spring stiffness 

105 (N/m) K3 Wheel-rail contact stiffness (assumption) 

8.87×103 (Ns/m) C1 Secondary damping coefficient 

7.1×103 (Ns/m) C2 Primary damping coefficient 

 

 
Figure 3. MATLAB/Simulink model. 
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The effectiveness and accuracy of this index 

have been demonstrated in the available 

literature. It is noteworthy that the selected 

ranges and values for M1, M2, M3, K1, K2, K3, C1, 

and C2 have been extracted from different 

sources [4, 8, 9, 11, 17, 20, 35, 42-44]. 

3.2. Validation 

 Figure 4 shows the restimulation results of [36] 

with current research. The results are in 

complete agreement with the reference. From 

Figure 4(b), the result shows that the major 

displacement of the body and the bogie frame is 

related to the long sitting time and the wheel 

sitting time is very small compared to the body 

and the bogie frame. From Figure 4(c), the result 

shows that a maximum speed is recorded for the 

system and the time required for the body and 

bogie to settle is high compared to the wheel. In 

Figure 4(d), the maximum acceleration is 

 

 

 

 

Figure 1. (a) Step input signal, (b) Displacement-time, (c) Speed-time, (d) Acceleration-time. 
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recorded for the wheel compared to the body and 

bogie, but the settling time is the same for all 

accelerated mass components. 

 

4. Investigation and discussion about the 

effect of different operational parameters  

Figure 5 indicates acceleration-time curves for 

the body, bogie, and wheel of the rail vehicle. 

The input values in this diagram are given 

following Table 2. After extracting the diagram 

according to the mentioned parameters, the RMS 

acceleration values for the body, bogie, and 

wheel and the comfort parameter of the body can 

be seen in Table 3. According to the comfort 

index (Table 1), the ride comfort status is in a 

discomfort state and we should try to improve 

this index by changing the parameters. In the 

following sections, the effect of different 

parameters is examined. 

 

4.1. Effects of variation in the value of K1 

Figure 6 illustrates acceleration-time curves 

with different values of K1 for the body, bogie, 

and wheel. As can be seen, with increasing the 

values of K1, the amount of acceleration on the 

body increases, but the changes in acceleration 

on the bogie and the wheel are very small. Figure 

7 shows the RMS acceleration values and 

comfort parameters of the body. It should be 

noted that the body comfort for K1=0.0035×106 

(N/m) is in a relatively good position (more 

pronounced but not unpleasant). Abood et al. [9] 

presented a mathematical model of a train with 

two bogies and two wheelsets in each bogie with 

31-DOF and investigated the influence of 

vertical secondary suspension spring stiffness on 

the ride comfort of a railway car-body at speeds 

below and at critical hunting speed. Their results 

showed that high magnitudes of vertical 

 

 

Figure 2. Acceleration-time curves for the body, bogie and wheel according to Table 2. 

 

Table 2. Values of the RMS accelerations (aRMS). 

(𝐖𝐙)𝐁𝐨𝐝𝐲 (𝐚𝐑𝐌𝐒)𝐖𝐡𝐞𝐞𝐥 (𝐚𝐑𝐌𝐒)𝐁𝐨𝐠𝐢𝐞 (𝐚𝐑𝐌𝐒)𝐁𝐨𝐝𝐲 

3.52 2.47 1.37 0.47 
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secondary spring stiffness suspension introduce 

undesirable roll and yaw dynamic responses 

which affect ride comfort at critical hunting 

velocity by modeling a rail system that is 

consistent with the results of the current article. 

Or in another article, Wu et al. [18] developed a 

coupled track-train-seat-human model with 

lateral, vertical, and roll vibrations to investigate 

the ride comfort (by the total equivalent 

acceleration defined according to ISO 2631-1) of 

high-speed trains. Their studies stated that an 

increase in the vertical stiffness of the second 

suspension seemed to cause a slight increase in 

the total equivalent acceleration. 

 

 

 

Figure 3. Acceleration-time curves for different values: (a) K1=0.0035×106 (N/m), (b) K1=0.07×106 (N/m) 

and (c) K1=0.28×106 (N/m). 

 

 

Figure 4. The RMS accelerations and (WZ)Body for different values of K1. 
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4.2. Effects of variation in the value of K2 

Figure 8 shows acceleration-time curves with 

different values of K2 for the body, bogie, and 

wheel. Also, the values of RMS acceleration and 

ride comfort are presented in Figure 9. As can be 

seen, changes in the value of K2 have little effect 

on the acceleration of the body, bogie, and 

wheel, and of course, there is no noticeable 

change in ride comfort. For example, with a 

decrease of 50%, 77%, and 88% of the value of 

K2 from the original value, the body RMS 

acceleration is decreased by 0%, 6%, and 21%, 

respectively, and with an increase of 43%, 100% 

and 217% of the value of K2 from the original 

value, the body RMS acceleration changes 0%, 

2% and 2% respectively that can be ignored. It 

should also be noted that changes in the value of 

K2 had the greatest influence on bogie 

acceleration and with increasing the value of K2, 

bogie acceleration is increased. 

 

 

 

 

Figure 8. Acceleration-time curves for different values: (a) K2=0.28×106 (N/m), (b) K2=0.63×106 (N/m) 

and (c) K2=1.81×106 (N/m). 
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4.3. Effects of variation in the value of K3 

Figure 10 shows acceleration-time curves 

with different values of K3 for the body, bogie, 

and wheel. As can be seen in Figure 11, with 

increasing the value of K3, the accelerations of 

the body, bogie, and wheel are increased and, of 

course, the quality of comfort is decreased. It 

should be noted that K3 is more dependent on 

changes and with the smallest changes, the 

accelerations will change significantly. The 

effects of vehicle speed, bridge flexibility, and 

random or non-random road irregularities on 

ride comfort have been extensively investigated 

by Koç et al. [45]. One of their results showed 

that increasing the value of K3 increased the 

value of body RMS acceleration, which is 

consistent with the current article. 

 

 

 

Figure 9. The RMS accelerations and (WZ)Body for different values of K2. 

 

 

 

Figure 5. Acceleration-time curves for different values: (a) K3=5×104 (N/m) and (b) K3=4×105 (N/m). 
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4.4.  Effects of variation in the value of C1 

Figure 12 shows acceleration-time curves with 

different values of C1 for the body, bogie, and 

wheel. According to Figure 13, it can be 

concluded that the changes of C1 have the 

greatest effect on the acceleration of the body, 

and with increasing the value of C1, the 

acceleration of the body decreases significantly. 

It is also noteworthy that with increasing the 

value of C1, the RMS accelerations of the bogie 

and wheel are decreased. Wu et al. [18] also 

showed that the total equivalent acceleration was 

reduced obviously in the whole speed range by 

increasing the car-body damping. Therefore, 

increasing car-body damping is an effective way 

to suppress the elastic vibration of the car-body, 

thereby improving ride comfort. 

4.5.  Effects of variation in the value of C2 

Figure 14 shows acceleration-time curves 

with different values of C2 for the body, bogie, 

and wheel. By observing the values of RMS 

accelerations in Figure 15, it can be concluded 

that with increasing the value of C2, the 

accelerations of the body, bogie, and wheel have 

decreased. Also, changes in RMS acceleration of 

the body and ride comfort were negligible. It 

should be noted that according to reference [20], 

an excessive increase in the value of C2 

(39.2×103(Ns/m)) causes a significant increase 

in the values of acceleration and vibration and is 

not suitable for design. Also, it should be noted 

that Wu et al. [18] showed that the vertical 

stiffness and damping had more influence on 

ride comfort than the fore-and-aft and lateral 

ones because the vertical stiffness and damping 

had a significant influence on the vertical 

accelerations at the feet and at the seat pan that 

was of great significance to ride comfort, while 

the effects of lateral and fore-and-aft stiffness 

and damping of the two suspensions on the 

vertical vibration were small. 

4.6. Effects of variation in the value of M1 

Figure 16 shows acceleration-time curves 

with different values of M1 for the body, bogie, 

and wheel. Increasing the mass of the vehicle 

body (M1) reduces the acceleration and vibration 

on the body and decreasing it increases the 

acceleration and vibration of the body. 

Increasing or decreasing the value of M1 in the 

area of this study has little effect on the 

acceleration of the bogie and wheel (Figure 17). 

It is noteworthy that the amount of Wz has 

significantly decreased with increasing body 

mass and ride comfort has improved. Sharma 

[46] investigated the effect of rail vehicle 

parameters on vertical and lateral comfort 

behavior. It was seen from parametric analysis 

that car body mass, secondary suspension 

vertical damping, primary suspension vertical 

damping, and wheel base are the most sensitive 

parameters influencing vertical ride. One of his 

results showed that an increase in body mass 

improves vertical and lateral comfort at all 

frequencies, which is consistent with the current 

paper. 

4.7. Effects of variation in the value of M2 

Figure 18 shows acceleration-time curves 

with different values of M2 for the body, bogie, 

and wheel. Increasing the mass of the bogie (M2) 

reduces the acceleration and vibration on the 

bogie and decreasing it increases the 

 

Figure 6. The RMS accelerations and (WZ)Body for different values of K3. 
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acceleration and vibration of the bogie. 

Increasing or decreasing the value of M2 in the 

area of this study has little effect on the 

acceleration of the body and wheel (Figure 19). 

4.8. Effects of variation in the value of M3 

 Figure 20 shows acceleration-time curves 

with different values of M3 for the body, bogie, 

and wheel. Increasing the mass of the wheel (M3) 

reduces the acceleration and vibration of the 

wheel and decreasing it increases the 

acceleration and vibration of the wheel. For 

example, with a decrease of 28%, 57%, and 71% 

of the value of M3 from the original value, the 

wheel RMS acceleration is increased by 26%, 

80%, and 168%, respectively, and with an 

increase of 21%, 71%, and 157% % of the value 

of M3 from the original value, the wheel RMS 

acceleration is decreased by 13%, 31%, and 

50%, respectively (Figure 21). Increasing or 

decreasing the value of M3 in the area of this 

study has little effect on the acceleration of the 

body and bogie.  

 

 

 
Figure 7. Acceleration-time curves for different values: (a) C1=4.43×103 (Ns/m), (b) C1=14×103 (Ns/m) and 

(c) C1=22.6×103 (Ns/m). 
 

 
Figure 8. The RMS accelerations and (WZ)Body for different values of C1. 
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Figure 9. Acceleration-time curves for different values: (a) C2=1.14×103 (Ns/m), (b) C2=3.7×103 (Ns/m) and 

(c) C2=39.2×103 (Ns/m). 

 

Figure 10. The RMS accelerations and (WZ)Body for different values of C2. 

 

 



 Modeling of a rail suspension system to investigate vertical vibration and effective parameters on it 

14       International Journal of Railway Research (IJRARE) 
 

 

 

 

 

Figure 11. Acceleration-time curves for different values: (a) M1=2000 (kg) and (b) M1=6500 (kg). 

 

 

Figure 12. The RMS accelerations and (WZ)Body for different values of M1. 
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Figure 13. Acceleration-time curves for different values: (a) M2=150 (kg) and (b) M2=450 (kg). 

 

 

Figure 14. The RMS accelerations and (WZ)Body for different values of M2. 
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Figure 15. Acceleration-time curves for different values: (a) M3=150 (kg) and (b) M3=600 (kg). 

 

 

Figure 16. The RMS accelerations and (WZ)Body for different values of M3. 
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5. Conclusions 

 
In this study, after checking the accuracy of 

the simulation method by comparing the results 

with the mentioned article, the simulation was 

performed again and the effect of different 

parameters was investigated. The important 

results of this research are as follows: 

- By increasing the value of K1, the body RMS 

acceleration values are increased, but the change 

in RMS accelerations on the bogie and wheel is 

very small. With a 50% reduction in the value of 

K1, the value of ride comfort (Wz) decreases by 

about 14%. 

- Changes in the value of K2 have minor effects 

on the acceleration of the body, bogie, and 

wheel, and of course, there is no significant 

change in ride comfort. Also, changes in the 

value of K2 had the greatest effect on the 

acceleration of the bogie. For example, with a 

decrease of 50%, 77%, and 88% of the value of 

K2 from the original value, the body RMS 

acceleration is decreased by 0%, 6%, and 21%, 

respectively, and with an increase of 43%, 100% 

and 217% of the value of K2 from the original 

value, the body RMS acceleration changes 0%, 

2% and 2% respectively that can be ignored. 

- By increasing the value of K3, the acceleration 

of the body, bogie, and wheel are increased and 

of course, the quality of comfort is decreased. It 

should be noted that K3 is more dependent on 

values and with the smallest changes, the 

accelerations will change significantly. 

- Changes in C1 have the greatest effect on the 

acceleration of the body and with increasing the 

value of K1, the acceleration of the body is 

decreased significantly. With a 50% reduction in 

the value of C1, the value of ride comfort (Wz) 

increases by about 9%. 

- By increasing the value of C2, the acceleration 

of the body, bogie, and wheel has decreased. 

Also, changes in body RMS acceleration and 

ride comfort have been minor. 

- Increasing the mass of the body (M1), bogie 

(M2), and wheel (M3), respectively, reduces the 

RMS acceleration and vibration of the body, 

bogie, and wheel and vice versa. For example, 

with a decrease of 28%, 57%, and 71% of the 

value of M3 from the original value, the wheel 

RMS acceleration is increased by 26%, 80%, and 

168%, respectively, and with an increase of 

21%, 71%, and 157% % of the value of M3 from 

the original value, the wheel RMS acceleration 

is decreased by 13%, 31%, and 50%, 

respectively. 

It is noteworthy that the purpose of this paper is 

a comparative study of rolling stock parameters 

according to some references such as [20, 36, 

47], however, if, a real Chinese CRH3 high-

speed train with parameters of M1=40×103 (kg), 

M2=3200 (kg), M3=2400 (kg), K1=0.8×106 

(N/m), K2=2.08×106 (N/m), C1=120×103 

(Ns/m), C2=100×103 (Ns/m) according to the 

reference [20] be considered, the value of ride 

comfort will be 2.07 ((Wz)Body = 2.07). The 

present model is proposed assuming the load 

crosses the track without irrigation and on a 

tangent. 
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