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ABSTRACT 

A Bogie is a chassis carrying wheels attached to the train. Old Bogies are cast models, cast models are huge 

and bulky. The cast bogie is made in single piece and handling of such components are difficult due to it’s over 

design and manufacturing cost is also high. This project deals with replacing the casted bogie with fabricated 

bogie by making major changes in design to take the load without failure. The Structural vibrations of the 

railway bogie are primarily exited by the tracks. These forced vibrations resulting in stress and fatigue of the 

bogie frame are investigated by simulations. A critical analysis of the railway bogie frame fatigue strength 

assessment procedure, with special attention to welded joints is carried out. By making use of Finite Element 

program (ANSYS) selected criteria were critically compared for reliability and safety.  
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1. INTRODUCTION 

A bogie is a wheeled wagon or trolley. In terms of mechanics, a bogie is a chassis or framework 

carrying wheels that are attached to a vehicle, thus serving as a modular subassembly of wheels and axles. 

Bogies take various forms in various modes of transport. A bogie may remain normally attached on a railway 

carriage or locomotive or be quickly detachable it may contain a suspensions within it, or be solid and in turn be 

suspended it may be mounted on a swivel, as on a railway carriage/car or locomotive, or additionally jointed and 

sprung. 

Davood Younesian had studied the effect of external load acting on bogies. These loads are due to 

random excitation that arises from irregularities of the track that lead to fatigue of the bogie assembly. In order 

to calculate the fatigue life, they have used two approaches damage accumulation and power spectral density 

approach. That uses Rayleigh technique to find the fatigue life. 

 

 
Fig 1: Geometry of cast bogie 

2. ANALYSIS MODEL 

 

The bogie frame is supported at 4 axle boxes. FE model of the locomotive bogie frame is shown in Fig 

2&3. The bogie frame structure is modelled with solid, spring and rigid elements. Spider type connection has 

also been used for uniformly transferring the forces over spring pad area. 

The analysis model of the loco bogie frame consists of 1124563 nodes and 1026541 elements. In this 

model, x-axis is longitudinal, y-axis is transverse and z-axis is vertical direction respectively.  
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Fig 2: FE model cast bogie              Fig 3: FE model of CRIGS 

 

The axles (blue color) are modeled to apply the restrain at the wheel location, which connects primary 

spring element. The axle center at axle box is connected to the primary suspension through spider mesh with the 

all DOF, frame and primary suspension are connected through rigid elements which allows only translational 

movement but rotational will be rigid. However the axle centers at all the axle boxes are made free or restrained 

in various directions depending upon the different scenario of boundary conditions. 

 

Basic Data of Mass, Dimension And Stiffness Received 
The calculations are done according to the information and conditions given by the clients are as 

follows, mass of the locomotive (Mv) is 50000kg, mass of the bogie (m
+
) is 7120kg, mass of the driver (C1) is 

80kg, exceptional loading constant (K) is 1.4, acceleration due to gravity (g) is 9.81m/s
2
, na and nb are number of 

axles and bogies respectively which are 2. 

3. LOADINGS AND CALCULATIONS 

This calculation will be based on the requirements defined in the UIC recommendation. 

3.1 Vertical Load  

 

 As discussed above, vertical load acts on four locations (load carriers) of the bogie frame. The magnitude of 

vertical load is determined by the following formula, and vertical proof load is 1.4 times of vertical crush load 

due to 1g of vertical acceleration of car body due to track induced forces. Boundary condition is shown in the 

diagram below. 

 
Fig 4: Schematic representation of Vertical load case 

 

Fz max =     = 246.66*10
3
 N 

As the vertical load is shared at 4 load carriers, 

Fz1 = Fz2 = Fz3 = Fz4 = = 61.66*10
3
 N 

Here, the factor K depends on the exceptional load case and this factor is equal to 1.4(track induced forces). 

3.2 Lateral Load  
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The lateral load will be shared by both secondary suspension and lateral stopper. Sharing of load 

between the secondary suspension and lateral stopper depends on the clearance between the lateral stopper & 

bolster and the stiffness of the secondary spring. The detail calculation is shown below. 

 

 
Fig 5: Schematic representation of lateral load case 

Fy max  

                      = 102.0116*10
3
 N 

3.3    Twist load  
 

This load case corresponds to a derailment of the vehicle in operational life, in normal condition (k=1). 

The twist is equal to 0.5% of the bogie wheelbase. 

 

 
Fig 6: Schematic representation of Twist load case 

Twist   = 0.005*3190 

  = 15.95 mm 

 

                  Dwz   =Twist/2  

                      =15.95/2 

                         = 7.975 mm 

This load is induced by a track twist of 1% and is applied at the level of the wheel on the bogie fitted with 

its suspension. 

3.4 Shunting load 
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This load case corresponds to a derailment of the vehicle in operational life, in normal condition (k=1). 

 
Fig 7: Schematic representation of Shunting load case 

Fz max   =  
        = 176.876*10

3
 N 

 
 The vertical load will be applied on the secondary suspension and reacted on only two wheels diagonally 

opposed. 

 

3.5 Longitudinal load 

 
 This load is caused due to the impact of the carbody which induced a longitudinal acceleration of 3g and 5g 

for shunting locomotives applicable at the center of the gravity of the bogie. 

 

 The mass of the motor and the axle assembly is considered as lumped mass and is imposed on the mass 

elements in the FEA. This body force may be applied as a longitudinal acceleration of 5g. 

 

 
Fig 8 : Schematic representation of longitudinal load case 

 

 

 

 

 

 

FEA analysis of bogie- CASTED 

Vertical load  
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Fig 9: Max. Displacement     Fig 10: von-Mises stress (in bolster) 

Lateral load  

 

  
Fig 11: Max. Displacement    Fig 12: von-Mises stress (in bolster) 

Twist load  

 

  
Fig 13: Max. Displacement    Fig 14: von-Mises stress (in frame) 

Shunting load  

  
Fig 15: Max. Displacement    Fig 16: von-Mises stress (in bolster) 

Longitudinal load  

  
Fig 17: Max. Displacement    Fig 18: von-Mises stress (in bolster) 

FEA analysis of bogie- FABRICATED 

Vertical load  
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Fig 19: Max. Displacement    Fig 20: von-Mises stress (in bolster) 

Lateral load  

 

  
Fig 21: Max. Displacement    Fig 22: von-Mises stress (in bolster) 

Twist load  

 

  
Fig 23: Max. Displacement    Fig 24: von-Mises stress (in frame) 

Shunting load  

 

  
Fig 25: Max. Displacement    Fig 26: von-Mises stress (in frame) 

Longitudinal load  

 

  
Fig 27: Max. Displacement    Fig 28: von-Mises stress (in bolster)  
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Table 1: Results summary of Cast bogie           Table 2: Results summary of Fabricated bogie 

4. CONCLUSION 

From the Structural analysis it can be concluded that; 

 The old Bogie (Cast) model is safe for the exceptional load case and combinational load case. 

 The new Bogie (fabrication) model is safe for the given load condition as that of cast bogie. 

 The newly designed Bogie (fabrication) model can be replaced by Bogie cast model.  

 Replacing the new Bogie (fabrication) model with old Bogie (Cast) may help in reducing weight and to 

overcome the manufacturing difficulties. 
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