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Abstract: The bogie frame is the base for carrying and 

transferring forces from many structural parts in the 

running gear of a train. Its reliability plays an important 

role in the safety and stability of train operations. 

However, during operation, uncertainty parameters 

affect its performance, and the evaluation of its 

structural reliability is essentially to check the structural 

strength and fatigue strength after facing uncertainty 

parameters. Those random parameters can cause fatigue 

failure, especially in a CHR2 high-speed train. 

Therefore, it is more important to accurately evaluate 

the fatigue strength of the frame due to uncertainty 

parameters than the structural strength. At present, the 

research on the fatigue strength of bogie frames is mainly 

based on two aspects: dynamics and statics. In dynamics-

based research, the dynamic model of the multi-rigid-

body system of the vehicle body is established by 

analyzing the irregularity of the track line, and the load 

history of the vehicle suspension system is obtained. On 

this basis, the dynamic analysis and stress evaluation of 

the bogie are carried out, and the fatigue life of the bogie 

is predicted according to the cumulative damage based 

on uncertainty parameters. In this study, three cases 

were considered for uncertainty parameters: suspension 

system, passenger weight, and wind force. The results 

show that the uncertainty of suspension systems has a 

shorter fatigue life cycle, which implies that it has more 

negative effects compared to other uncertainty 

parameters. 

Keywords: Bogie frame, Fatigue strength, CHR2, Fatigue 

life, Uncertainty parameters 

1. INTRODUCTION 

In general, a bogie frame of railway operated under 

tractive force, restoring force and propulsion receives 

fatigue load caused by repetitive vibration forces and 

landing during service. Moreover, in spite of low 

probability, unexpected parameters may be applied 

such as passengers’ weight, wind force, track 

irregulates, coefficient of friction and suspension 

system [1],[2]. 

Thus, securing a sufficient structural strength that can 

endure not only static load but also fatigue load is 

required and it should be verified through a proper test 

and evaluation methods [3]. In terms of test and 

evaluation method for the bogie frame, UIC, EN or JIS 

Standards have well established methods to verify 

static and fatigue strength for wheel railway 

vehicles[4]. In case of CHR2, various analyses and test 

evaluation methods may be used to analysis the fatigue 

strength of bogie frame for commercial use, 

furthermore, the safety of bogie frame was verified by 

comparing with experimentally study [5],[6]. 

However, there are limits to apply the existing 

standards to a new developed CHR2 trains since its 

characteristics are different from a wheel train [7]. In 

addition to this, advanced companies disclose the 

related technologies restrictively so it is actually very 

difficult to find out proper test methods to evaluate the 

safety of bogie frame due to uncertainty parameters 

[8],[9].  

2. BOGIE FRAME 

The bogie is known as the wagon’s movement system. 

The bogie frame is either casted or fabricated. The 

bogie frames are manufactured based on its working 

conditions [10]. It is the main component which takes 

the stresses. CRH2 coaches use 16.25t bogies which is 

an all-welded lightweight construction [11],[12]. 

Axles are located on the bogie by telescopic dash pot 

and axle guide assemblies Helical coil springs are used 

in both the primary and the secondary stages[13]. The 

axle guide device provides viscous damping across 

primary springs while hydraulic dampers are provided 

across the secondary stage [14], [15]. Dampers are 

protected against misalignment by resilient fittings. 

Isolation of vibration is affected by rubber pads in 

primary (also Hytrel and secondary suspension. Side 

bearers consist of lubricated metal slides immersed in 

oil baths[16].    

No vertical weight transfer is affected through bogie 

pivot and pivot acts merely as a center of rotation and 

serves to transmit tractive/braking forces only 

[17][18].  
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Fig 1: Details of Bogie [8] 

3. FORCES CALCULATION AND 

MATERIAL PROPERTIES 

According to the Power bogie frame’s strength test 

method (TB/T2368-2005) [19], we must calculate the 

vertical load and transverse load in order to analyze the 

structure stress condition more comprehensive.  

Vertical load applied to each side frame, based on the 

assumption of vehicles whose mass is evenly 

distributed between the two bogies and the body 

supported directly on each side frame. 

Fz = [(ma+ m+) + Passengers weight] × 
𝑔

2
 (1) 

Where; 

ma – Weight of carbody = 35067kg 

m+ - Weight of bogie = 3630kg 

g-   Acceleration due to gravity = 9.81m/s2  

Average person weight is 70kg (80 people per 

carbody) 

Fz = [(35067+ 3630) + (80×70)] × 
9.81

2
 

Fz = 217276.785N 

Transverse load is applied to each axle 

Fy = [0.5× (Fz1 + (0.5× m+g))] (2) 

Where; 

Fy1 = 
𝐹𝑦

2
 = 

217276.785𝑁

2
 = 108638.39N 

m+ - Weight of bogie = 3630kg 

g-   Acceleration due to gravity = 9.81m/s2  

Fy = 0.5× [108638.39+ (0.5× 3630×9.81)] 

Fy = 63221.77N 

The materials used was SM490A [20], [21].  

4. MODELLING  

The vehicle, track, and wheel/rail interaction 

submodels comprise the railway vehicle multibody 

dynamic model. The current study established and 

built a multibody 3D dynamic model for all three 

categories. The dynamic equation of motion for the 

vehicle can be stated in the form of a submatrix using 

the finite element program and vehicle-track coupling 

[22]. 

MVD̈V + CVḊV + KVDV = Pvt (3) 

where D̈V, ḊV, and DV are the vectors of acceleration, 

velocity, and displacement of the vehicle subsystem, 

respectively. The subscripts V mean the vehicle 

dynamics and track of the subsystem, respectively; 

MV, CV, KV, and Pvt is the subsystem matrices of mass, 

stiffness, damping, and external force, respectively. 

 

Fig 2: Designed rail vehicle 

The 3D model of bogie frame modelled by Solidwork.  

 

 

Fig 3: Designed Bogie frame
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Table 1: Mean parameters of the CRH2 railway vehicles used in current research [22] 

 

5. MODAL SIMULATION WITH 

UNCERTAINTY PARAMETERS 

By using Monte Carlo simulation, which is used to 

represent the likelihood of various outcomes in a 

process that cannot be easily anticipated due to the 

presence of random factors. It is a technique for 

determining the impact of risk and uncertainty 

[23][24].  

3 Parameters Weibull equation was used as 

f(t)= 
𝛽

ղ
×(

𝑡−𝛾

𝜂
)β-1× 𝑒

(
𝑡−𝛾

ղ
)𝛽

 
(4) 

where, 𝛽 is the shape parameter ղ  is the scale 

parameters and  𝛾 is the location parameter. 

In this study, three cases were considered for 

uncertainty parameters i.e.  suspension system UDS, 

passenger weight UPW and wind force UFW.  Table 2 to 

table 4 shows the uncertainty parameters vales for all 

cases.

Table 2: Uncertainty of suspension system as case 1 

Parameters Mean 

value 

Std Upper 

limit 

Lower 

limit 

Error  Units 

Vertical stiffness of primary suspension/ axle side 980000 10% 980030 979970 3% N/m 

Lateral damping of primary suspension/ axle side 5490 10% 5520 5460 3% kNs/m 

Vertical stiffness of primary suspension/ axle side 1176000 10% 1176030 1175970 3% N/m 

Vertical damping of secondary suspension 20 10% 50 -10 3% kNs/m 

Lateral stiffness of secondary suspension per bogie side 192 10% 222 162 3% kN/m 

Lateral damping of secondary suspension per bogie side 60 10% 90 30 3% kNs/m 

Vertical stiffness of secondary suspension per bogie side 990.8 10% 1020.8 960.8 3% kN/m 
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Vertical damping of secondary suspension per bogie side 9.8 10% 39.8 -20.2 3% kNs/m 

Table 3: Uncertainty of passenger’s weight as case 2 

Parameters Mean 

value 

Std Upper 

limit 

Lower 

limit 

Error  Units 

Passenger weight 8 10% 8.3 7.7 3% tons 

Table 4: Uncertainty of wind force as case 3 

Parameters Mean value Std Upper limit Lower limit Error  Units 

Wind force 140 10% 143 137 3% mph 

For suspension system normal distribution method 

used, for passenger’s weight extreme maximum 

distribution method used and for wind force extreme 

minimum distribution method used. 

Normal distribution method 

Probability density function (PDF)       

f(x) = 
1

  σ√2𝜋
𝑒

−
(𝑥−μ)2

2𝜎2  
(5) 

Cumulative distribution function (CDF) 

F(x) = 
1

2
[1+𝑒

−
(𝑥−𝜇)2

2𝜎2 ] 
(6) 

Hazard function (HF) 

h(x) = 
𝑓(𝑥)

1−𝐹(𝑥)
 (7) 

Maximum distribution method  

Cumulative distribution function (CDF) 

F(x) =𝑒−𝑒−𝑥
 (8) 

Probability density function (PDF) 

f(x) = 𝑒−𝑥𝑒−𝑒−𝑥
 (9) 

Hazard function (HF) 

h(x) = 
𝑒−𝑥

𝑒𝑒−𝑥−1 (10) 

Extreme maximum distribution method 

Cumulative distribution function (CDF) 

F(x) =  𝑒−𝑒
−(𝑥−𝜇)

𝜎
      ∞ -˂x˂∞, μꞒR, σ˃0 

(11) 

 

Probability density function (PDF) 

f(x) =   
1

𝜎
 𝑒−

(𝑥−𝜇)

𝜎
 × 𝑒−𝑒

−
(𝑥−𝜇)

𝜎
       ∞ -˂x˂∞ 

(12) 

Hazard function (HF) 

h(x) =  

1

𝜎
𝑒

−
(𝑥−𝜇)

𝜎  × 𝑒−𝑒
−

(𝑥−𝜇)
𝜎

1−𝑒−𝑒
−

(𝑥−𝜇)
𝜎

          ∞ -˂x˂∞ 

                 (13) 

where: 

 f(x) = probability density function 

F(x) = cumulative distribution function 

h(x) = hazard function 

x = value of the variable (suspension system, 

passenger weight, wind force) 

μ = mean 

σ = standard deviation 

σ2 = variance 

6. RESULTS 

The following results obtained after mathematical 

calculation, dynamic and numerical simulation in this 

study.  

6.1 Dynamic Response 

Three cases were considered, after dynamic 

simulation, the following results were obtained. 
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Fig 4: Vertical wheel force for case 1 

 

Fig 5: Vertical wheel force for case 2 
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Fig 6: Vertical wheel force for case 2

 

Fig 7: Lateral wheel force 
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Fig 8: Maximum wheel force for case 1 

 

Fig 9: Maximum wheel force for case 2 
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Fig 10: Maximum wheel force for case 3 

Figure 8 to 10 are the maximum wheel forces for both 

vertical and lateral cases obtained from dynamic 

response in all three cases as tabulated below; 

Table 5: Maximum wheel force 

Maximum wheel force Case 1 Case 2 Case 3 

Vertical right (kN) 110.6 124.8 121.8 

Vertical left (kN) 100.1 103.7 103.7 

Lateral right (kN) 19.7 24.3 20.6 

Lateral left (kN) 10.3 11.2 9.3 

 

Table 5 shows that the case 2 has high maximum 

wheel force (71.967MPa) compared to case 1 and case 

3. 

6.2 Stress analysis 

Stress obtained from ANSYS after applying the 

maximum wheel force to the bogie are presented in 

figures below.  

 

Fig 10: Equivalent stress for case 1 

 

Fig 11: Equivalent stress for case 2 
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Fig 12: Equivalent stress for case 3 

Case 2 has high equivalent stress compared to case 1 

and case 3. 

6.3 Fatigue Analysis 

By using Manson-Coffin equation 

𝜎max ×
𝛿𝜀

2
 = 

(𝜎𝑓)2×(2𝑁𝑓)2𝑏

𝐸
 + 𝜎f

ˊ×𝜀f
ˊ× (2𝑁𝑓)b+c 



Where, max is the maximum stress, is the 

maximum normal strainf
ˊ is the Nf is the fatigue life 

cycles, E is the young modulus, f
ˊ is the b and c are 

constants. 

Table 6: Fatigue life for three cases 

Case Fatigue life (Nf) 

1 3.2248×106 

2 4.3171×106 

3 3.4812×106 

According to the study done by Kang et al. in 2009 

[25] and Seo et al. in 2017 [9],  the results of this study 

were validated. 

Conclusion 

Uncertainty of suspension have more negative effects 

compared to other uncertainty parameters. Uncertainty 

of passenger’s weight have less negative impact 

compared to other uncertainty parameters.  
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