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This study aimed to ensure that plastic deformation does not occur on the 
structure of bolster bogie 1722 when it accommodates burdens or loads based 
on previously determined overload limit. The simulation in this study used the 
finite element method with the help of Ansys Workbench 2020. The standard 
of testing UIC 515-4 was employed as a reference for the simulation, notably 
in determining the load case. The result of static simulation on the overload 
showed that the maximum stress on the vertical load case was 72.764 MPa, 
and the maximum stress on the transverse and vertical load case (combination) 
was 109.9 MPa. The result of maximum vertical deflection was obtained from 
the case of vertical load as 0.553 mm and in the case of transverse and vertical 
load (combination) as 1.799 mm. The structure of the bolster design is 
considered safe because the maximum score of stress was under the yield 
strength score of the used material, namely SS400 as 245 Mpa. 
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1. Introduction 

 In the field of engineering, accurate modeling and simulation play a crucial role in ensuring the 

strength and reliability of various components. One application of this is the modeling and simulation of 

static strength in railway bogie bolsters. By using ANSYS Workbench, engineers can accurately analyze 

and evaluate the static strength of railway bogie bolsters [1]. This helps in improving the design and 

performance of these components, ensuring their safety and efficiency. In today's modern world, efficient 

and reliable railway systems are of paramount importance for transportation networks. Therefore, the 

development and optimization of railway bogie components, such as bolsters, are essential. Through the 

use of ANSYS Workbench, engineers can simulate and analyze the static strength of railway bogie 
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bolsters, allowing for a better understanding of their performance under various loading conditions and 

potentially identifying areas for improvement [2][3] [4]. 

 Predictions and simulations of bogie frames have been carried out by researchers in Indonesia. 

Budiwantoro et al. [5] investigated the simulation of frame loads on the bolster of a capsule metro train. 

In the study, the UIC 615-1 and UIC 615-4 standards were used as a reference in providing load 

conditions. The results of the study show that the rolling frame meets the UIC standards and the strength 

standards that have been allowed under the Regulation of the Minister of Transportation of the Republic 

of Indonesia No. 175 of 2015. Evaluation of bogie rollers on Indian Railway (IR) railway wagons was 

also conducted by Pokkula & Gupta [6] using the finite element method for new design evaluation or 

otherwise called design optimization. The simulation design was designed using Solidworks software and 

simulation using Ansys Workbench. The simulation standard used is AAR-M-202, with the result that 

the modified bolster has increased stiffness and reduced maximum stress values. 

 This research investigates the application of ANSYS Workbench in modeling the static strength 

characteristics of rolling bogies. By utilizing finite element analysis techniques, the complex geometry, 

material properties, and loading conditions inherent in bogie bumpers can be represented and analyzed 

with high accuracy. It is possible, through thorough simulation, to evaluate stress distributions, 

deformation models, and potential failure points, therefore facilitating appropriate design decisions and 

optimization strategies. The significance of this research lies in its contribution to improving the structural 

performance and safety of bogie bolster in transport systems. By using ANSYS Workbench for modeling 

and simulation, it is possible to perfect design parameters, reduce potential weaknesses, and ultimately 

ensure the robustness and reliability of the bogie bolster system under static loading conditions. 

2. Research Method  

This research analyses the 1722 bogie bolster using the simulation-based finite element method. 

The simulation of bogie bolster 1722 uses Ansys Workbench software. The 1722 bogie bolster will be 

modeled and divided into very small parts, commonly referred to as meshing. The boundary conditions 

and loading refer to the UIC 515-4 standard which regulates Passenger Rolling Stock - Trailer Bogies - 

Running Gear - Bogie Running Gear - Bogie Frame Structure Tests. A bogie is required to accommodate 

the load it is supporting without plastic deformation occurring International Union of Railways [7]. In 

the UIC 515-4 standard, overloading consists of vertical and transverse loading, which describes the 

condition of the bogie when it is under extreme circumstances. Bogie 1722 is designed to support the 

load of the empty wagon body weight combined with the passenger load, with each passenger assumed 

to weigh 75 kg. 

2.1.  Materials 

The materials required for bogies are in the Minister of Transportation Regulation Number: KM. 

41 the Year 2010 in article 12, paragraph 1, which contains bogies made of steel with high strength 

and stiffness against loading without fixed deformation, is equipped with loading-resistant construction 

and can reduce vibration [8]. Based on the applicable standards, the material used in the 1722 bogie 

construction is SS400 steel (JIS G3101) for all 1722 bogie bolster constructions with yield strength 245 

Mpa and tensile strength 400 Mpa [9] 
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Table 1. Mechanical Properties 

Elastic Modulus Poisson 

Ratio 

Density Yield Strength Ultimate Strength 

2.1 x 105 (Mpa) 0,3 7850 (Kg/m )3 245 (Mpa) 400 (Mpa) 

 

2.2.  Geometry Modeling 

The 1722 bogie bolster geometry modeling in this simulation uses Autodesk Inventor software. 

The designed geometry model starts from the arrangement of constituent parts and is then put together, 

or called the Assembly stage. The design that comes from Autodesk Inventor is stored in STEP type 

(.stp), which is then imported into Ansys Workbench. 

    

Figure 2. Bolster Bogie (a) Model in Autodesk Inventor Top view (b) Model in Autodesk Inventor 

Front view 

 

Figure 3. Model Simplification in Ansys Workbench 

2.3.  Meshing 

Mesh is the division of objects into smaller or finite parts  [10]. In this 1722 bogie bolster 

simulation, the part or component modeled as a shell uses a hybrid mesh type because it can adjust 

to the shape of the geometry. The element type used is predominantly quadrilateral, so it is neater and 

has better mesh quality on parts modeled as solid using the tetrahedron type. The smaller the meshing, 

the more accurate the calculation results, but it requires large computing power [11] [12]. In the 

meshing stage, 48526 nodes and 15793 elements were obtained. 
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Figure 4. Meshing 1722 bogie bolster mesh 

The determination of mesh size is done by conducting a convergence test. The convergence test 

is carried out by varying the mesh size and then observing whether the results of the maximum 

stress of each mesh size variation that occurs will converge to a certain value. In addition to 

determining the mesh size, the convergence test on finite element modeling is carried out to verify 

the simulation results regarding the mesh size used. According to Naik et al. [13], finite element 

analysis results are declared convergent if the percentage error between element sizes is 6%-8%. 

Based on the convergence test results table, the mesh size with the smallest error value is selected, 

namely the mesh size of 20 mm.  In the hybrid mesh with a size of 20 mm, 47,224 nodes, and 

16,629 elements are obtained. 

 

Figure 5. Meshing Convergence test 

2.4.  Determination of Boundary Conditions and Load 

The fulcrum location is selected in the secondary suspension on the bogie bolster that rests on the 

bogie frame. Determination of boundary conditions is done by providing support at several 

predetermined fulcrums. The support used in this analysis is remote displacement. The static loading 
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used is based on the UIC 515-4 standard. Static loading with overload has two types: vertical loading 

and combination loading (transverse and vertical).  

 

  

Figure 5. (a) Boundary conditions (b) Vertical loading (c) Combination loading  

The static loading that occurs on bogie bolster 1722 is assumed to support the load of the 

34.750 kg K1 executive train and the total passenger load of 3.750 kg. The load received is located 

at the top of the center pivot for vertical loads, while for transverse loads, it is on the inside of the 

center pivot, pointing towards the side. The loading support in both cases is located on the secondary 

suspension bogie. The loads supported by the 1722 bogie bolster based on the UIC 515-4 standard 

can be seen in Table 2. 

Table 2. Load  

 

Type of Loading Force 

 

Value 

 

Load Location 

Vertikal Load (𝐹𝑧1𝑚𝑎𝑥 &𝐹𝑧2𝑚𝑎𝑥) 188.650 N Center Pivot 

Transversal Load (𝐹𝑦𝑚𝑎𝑥) 82.883 N Center Pivot 

 

3. Results And Discussion    

3.1.  Vertical Loading 

The results obtained from this calculation-based simulation are the maximum stress value and 

maximum deflection of the 1722 bogie bolster. Vertical loading is done by applying an even force on the 

center pivot of the bolster in the direction of the Z-axis (assumed to be the downward direction of the 
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train) of 188,650 N. This case is drawn when the train passes through a rail joint which causes an 

extreme downward load on the bogie bolster. The vertical loading simulation results can be seen in the 

following figure 6. 

    

 

Figure 6. Vertical loading (a) Maximum Stress (b) Maximum Deflection 

The results obtained in vertical loading are that the 1722 bogie bolster experiences a maximum 

stress of 72.764 MPa on the side stiffener due to the supported load. At the center pivot, the maximum 

deflection is downward or to the Z-axis of 0.553 mm. 
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3.2.  Combination Loading 

In the case of combination loading, a transverse force is applied to the inside of the center pivot 

bolster to the Y-axis (assumed to be side direction) and a vertical force to the Z-axis (assumed to be 

downward direction). This case illustrates when the train passes through a bend or uneven railroad. 

The results of the maximum stress and maximum deflection in the combination loading case can be 

seen in the following figure: 

   
 

 

Figure 7. Combination Loading (a) Maximum Stress (b) Maximum Deflection 
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The results obtained in transverse and vertical loading are that the 1722 bogie bolster experiences 

a maximum stress of 109.99 MPa on the upper plate due to the load it supports. The maximum 

deflection occurs downward or to the Z-axis of 1.799 mm on the traction dumper. Simulation-based 

measurements were carried out with loading cases referring to the UIC 515-4 standard to ensure this. 

From the two loading cases in the UIC 515-4 standard, the results are obtained as maximum stress, 

which is compared with the strength of the material used, namely SS400. If the maximum stress value 

is lower than the yield strength value, it can be concluded that the structure is safe and no fixed plastic 

deformation occurs. The following are the results of simulation-based measurements on the 1722 bogie 

bolster structure [14]. 

Table 2. Simulation Result of bogie bolster 

Based on the two loading cases carried out, all the results show that the stress values that occur 

in the simulation due to the loading of the two cases are still below the maximum allowable stress 

values. The deflection that occurs can be used as additional information for design at the component 

integration stage. If the deflection that occurs is very large, it is assumed that it can interfere with the 

performance of the bogie structure, and then design adjustments are made. 

4. Conclusion  

Based on the simulation of the two variations of loading cases that have been carried out using 

Ansys 2020 software, it is obtained that the maximum stress value occurs in the case of combined 

loading (transverse and vertical) of 109.9 MPa on the upper plate of the bogie bolster with the SS400 

material permit stress of 245 MPa. This result is considered safe because the maximum stress value 

in both loading cases is 44.89% below the material’s allowable stress. The maximum deflection value 

occurs when combined loading (transverse and vertical) is 1.799 mm. 
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Loading Case 
Maximum Stress 

(MPa) 

Maximum 

Deflection(mm) 

Yield 

Strength 

Value (MPa) 

Description 

Vertical 72,764 0,553 

245 

σ max < σ 

clearance 

Transverse & 

vertical 

(combination) 

109,9 1,799 
σ max < σ 

clearance 
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