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Abstract. This paper presents results of selected load cases for the 
modified freight wagon bogie frame. It comprises of two main parts. The 
first part is addressed to the introduction of a modified freight wagon 
bogie. There are described conditions for rail vehicles approval and mainly 
load cases which every bogie must meet for commissioning. The next part 
deals with computer modelling and analyses of a frame of this modified 
freight wagon bogie. It was analysed using the FE method and calculations 
were focused on the assessment of stresses of the frame structure under 
exceptional load. Calculation conditions were based on valid standards. 

1 Introduction 
The transport of goods by railways represents an important element of a transport service. 
Given than it is an environmentally friendly kind of goods transport, its importance is seen 
in the international and intermodal transport. Therefore, railway transport is nowadays an 
inseparable part of the transport system. 

The rail transport in this kind of transport allows an efficient way to move large 
quantities of goods over longer distances [1]. Nowadays the design of rail vehicles meets 
conflicting requirements. On one hand there is the rail vehicles weight reducing and on the 
other hand all railway transport means must comply strict safety criteria. Every new 
designed railway vehicles and also construction units, e.g. bogies must before 
commissioning satisfy the terms set out in codes [2, 3]. 

2 Description of the solved freight wagon bogie 
The largest development of freight wagon bogies design in Europe began after 1950. The 
main reasons for the design of new freight wagon bogie types have been constantly 
increasing requirements for higher speed transport and higher axle loads while reducing the 
risk of accidents. The effort of engineers has resulted in the design and production of the 
Y25 bogie [4]. 

This bogie is the most commonly used bogie for freight wagons mainly in the Central 
Europe region. The suspension of the Y25 bogie consists of a duplex coil springs with 
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bilinear characteristic and friction dampers. The wagon body is connected with bogies by 
high stiffness centre pivot. The yaw movement of the bogie is damped by sidebearer pair. 
The friction forces between friction damper surfaces are created through the inclined Lenoir 
link and they are approximately proportional to the vertical load [5-7]. The Y25 bogie is 
most commonly designed for freight wagons running at the speed up to 100 km/h and axle 
load of 22.5 t (alt. 25 t) or at the speeds up to 120 km/h and axle load of 20 t. 

Since demands of the best ratio of the unloaded weight and the capacity weight of 
transport means are constantly required, engineers try to modify their design within their 
capabilities and maintaining its all positive operational properties and reliability [8-10]. 
Developers of rail vehicles have therefore come to the possibility to modify a frame of the 
original Y25 bogie by removing buffer beams [11, 13]. Such a frame is lighter, which is 
beneficial for the capacity weight increasing. Figure 1 shows design of the original and the 
modified freight wagon bogie [13]. 
 

 
Fig. 1. Design of the original (left) and modified (right) freight wagon bogie. Source: [13] 

If we compare the unloaded weight of the original bogie and the modified bogie with 
comparable equipment (brake type, bogie determination, etc.) we can find out that one 
bogie saves approx. 250 kg [13] and since standard wagons (i.e. the most often used 
wagons with Y25 bogies) are usually equipped with two such bogies, the wagon weight is 
no longer negligible. 

From the operation point of view reducing the wagon unloaded weight means 
increasing the wagon capacity weight, lower operating costs when a wagon is transported in 
an unloaded state by saving energy consumption [14] and from the production point of 
view we can save material costs and partly to reduce needed production time. 

Nevertheless every intervention in the load-bearing construction requires a through 
strength calculations supported by experimental measurements on test benches [15, 16]. 
The bogie frame is the main carrying part of the bogie. Therefore it is not possible to 
perform such the essential modification of the frame without adequate analyses [17, 18]. 
They come out and rely on strict requirements embedded in relevant standards and 
regulations. 

In European standard EN 13749 the considered analysed bogie is classified in the 
category B-V: bogies freight rolling stock with single-stage suspensions [2, 19]. 

In the next part of the article, the requirements for wagon bogie as well as the results of 
the strength calculations and analyses of the modified bogie frame for chosen load cases are 
presented. 

3 Rail vehicle bogies loads  
A real bogie and its frame are loaded in real operational conditions by a wide spectrum of 
a load which depends on actual level of loading, quality of a track expressed by variations 
form its geometric ideal position load or an eventual buckling of the track in the given track 
section and various others factors. These result in the variable operational load which is 
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a load which depends on actual level of loading, quality of a track expressed by variations 
form its geometric ideal position load or an eventual buckling of the track in the given track 
section and various others factors. These result in the variable operational load which is 

practically not possible to describe by load dependencies. Therefore for the load of bogie 
frames the replacement load spectrum was determined according to which new developed 
bogies are tested [20]. For this testing load bogie frames are designed and optimised in 
terms of strength and virtual testes. This testing load is intended in legislation, such as UIC 
edict, European and national norms or internal directives of a vehicle operator [2, 3, 19]. In 
this contribution the bogie frame is tested using virtual models while the calculation 
conditions are based on the European standard, in which requirements on bogie frame are 
defined. 

Generally, various load cases of bogies frames can be divided into external and internal.  
 For all categories in all applications the internal load is defined as well as the external 
load: 
- Exceptional load, which should not produce permanent deformation or excessive 
deflections. 
- Normal service loads, which should not induce fatigue cracks. 

European standard regulates the calculation of an internal load of bogies by 
accelerations determination, which the appropriate component must withstand without 
defects or loss of function. 

3.1 Combinations of individual loads of bogie 

Loads defined above are in reality not individual, but they act concurrently in various 
combinations and in various intensity. For needs of the strength and dynamic design of a 
bogie frame the European standards submit several selected load combinations. 

They are compiled to meet the bogie frame design to withstand possible combined 
operational loads. 

In the European standard two combinations of a load are defined static load 
combination and dynamic load combination. 

Prescribed loads combinations represent the base not for design and optimisation of 
bogie frames but also subject for verification tests on test benches. They are distinguished 
static and dynamic load cases. 

Bogie structures are loaded by a very high number of dynamic load of a variable size. 
Effects of such load are concentrated in critical locations of a bogie frame (e.g. points of 
action forces, geometry changes, welded joints etc.). The objective of fatigue tests is 
verification, if a bogie frame has a sufficient fatigue strength, i.e. if a cyclic operational 
load does not result to initiation of fatigue cracks or fractures. Fatigue stresses is possible to 
determine by two methods, i.e. fatigue resistance, if the fatigue lifetime is known (stress 
value, in which under load by determined number of cycles the fatigue damage not occur) 
and cumulative damage, if the stress is constantly under of the fatigue lifetime level for all 
determined load combinations. 

In our work we have considered only the static load combination. 

4 Computer analysis of the bogie frame 
Ride properties significantly influence on rail vehicles mechanical systems dynamic 
behaviour [21]. We can theoretically predict the movement of the wheelset on a track by 
means of the wheelset and track geometric characteristics analysis [22]. Geometric 
characteristics define the rail/wheel profiles contact couple geometrical relationship. The 
shape of the contact couple crucial influences the size of the contact patch and contact 
stress between wheel and rail value [23]. This creates loading and excitation forces acting 
inside vehicle and track systems [24]. The analysis of the mechanical systems dynamics 
may be analysed using various methods [25, 26]. 
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The analysed frame is component of a freight wagon bogie. According to standard this 
bogie belongs the category B-V namely Freight bogies with a central pivot and two 
sidebearers [2, 19]. We have analysed this bogie frame in such way that we proceeded in 
accordance with a valid standard. 

In boundary conditions and loads definition of the bogie frame we have come out of the 
standards. 

4.1 Bogie frame load definition 

The total weight of the bogie was m = 5.0 t, wheelbase b = 1.8 m. The bogie is determined 
for a freight wagon with the total weight of MW = 90 t. 

The bogie is loaded in the vertical direction by the force: 

2
W

Y
M

F m g    
 

       (1) 

For the vertical direction the value of the exceptional load is given by these formulas: 
- if vertical forces act only in the centre pivot: 

max 2YP YF F         (2) 
- if vertical forces act in the centre pivot and on the one sidebearer: 

 1max 2max 1.5Y Y YF or F F         (3) 

 1.5 1YP YF F          (4) 
where FY is the total vertical load the a bogie, FYP is the vertical force acts in the centre 
pivot, FY1 and FY2 are vertical forces act on sidebearers, α is coefficient for the body 
swinging. In our case we have considered with the value of α = 0.3.  

For the lateral force of the exceptional load acting on the every wheelset there is applied 
following: 

4max
1max 2max 10

2 6
Z Y

Z Z
F F m gF F  

        (5) 

The longitudinal force straining bogie frame is given: 
 1max 0.1X YF F m g          (6) 

 

 
Fig. 2. Scheme of load point applications. Source: [2, 19] 

The load involved in case of the wagon impact is possible to substitute for the static 
longitudinal force acting in places, where the equipment is connected to the bogie. Its value 
is determined from the mass of individual elements and maximum acceleration acting on 
them during wagon impact [19]. 

4

MATEC Web of Conferences 134, 00010 (2017) DOI: 10.1051/matecconf/201713400010
LOGI 2017



The analysed frame is component of a freight wagon bogie. According to standard this 
bogie belongs the category B-V namely Freight bogies with a central pivot and two 
sidebearers [2, 19]. We have analysed this bogie frame in such way that we proceeded in 
accordance with a valid standard. 

In boundary conditions and loads definition of the bogie frame we have come out of the 
standards. 

4.1 Bogie frame load definition 

The total weight of the bogie was m = 5.0 t, wheelbase b = 1.8 m. The bogie is determined 
for a freight wagon with the total weight of MW = 90 t. 

The bogie is loaded in the vertical direction by the force: 

2
W

Y
M

F m g    
 

       (1) 

For the vertical direction the value of the exceptional load is given by these formulas: 
- if vertical forces act only in the centre pivot: 

max 2YP YF F         (2) 
- if vertical forces act in the centre pivot and on the one sidebearer: 

 1max 2max 1.5Y Y YF or F F         (3) 

 1.5 1YP YF F          (4) 
where FY is the total vertical load the a bogie, FYP is the vertical force acts in the centre 
pivot, FY1 and FY2 are vertical forces act on sidebearers, α is coefficient for the body 
swinging. In our case we have considered with the value of α = 0.3.  

For the lateral force of the exceptional load acting on the every wheelset there is applied 
following: 

4max
1max 2max 10

2 6
Z Y

Z Z
F F m gF F  

        (5) 

The longitudinal force straining bogie frame is given: 
 1max 0.1X YF F m g          (6) 

 

 
Fig. 2. Scheme of load point applications. Source: [2, 19] 

The load involved in case of the wagon impact is possible to substitute for the static 
longitudinal force acting in places, where the equipment is connected to the bogie. Its value 
is determined from the mass of individual elements and maximum acceleration acting on 
them during wagon impact [19]. 

4.2 Calculations and results 

For strength analyses using FEM we have used Ansys software. It allows engineers to 
create computer models of structures, machine components or whole systems, apply 
operating load and other design criteria and study physical responses [27, 28], such as stress 
levels, pressure, deformations, etc. 

Process of the bogie frame computer analysis includes several steps, which are needed 
to perform for successful calculation. We can it describe as follows: 
- Creation of a CAD model of the considered body, appropriate model files generation. 
- Setting up a FEM model in Ansys. 
- Model - generation of 8-nodes shell elements and 10-nodes quadratic tetrahedron 
elements (axle guides and centre pivot). 

The bogie frame is generally made of combination S235 and S355 steels, which 
minimal yield stress is 340 - 440 MPa and 520 - 630 MPa, respectively. The S355 steel is 
used for the centre pivot and axle guides. Therefore, we have defined these parameters of 
material model: 
- Material was considered homogenous, isotropic, linear and elastic. 
- Mechanical properties - Young’s modulus of elasticity E = 2.1∙1011 Pa, Poisson’s ratio 
μ = 0.3. 

Next there are presented results from computer analyses of the modified bogie frame, 
which was subjected to four load cases corresponded to the exceptional load described in 
chapter 4.1. 

Table 1 contains calculated data, which are needed to apply as loads on the bogie. The 
third column indicates, which formula from chapter 4.1 was used for calculation. 

Table 1. Calculated loads for bogie frame. Source: authors 

Load Calculated value [kN] Formula 
FY 392.4 (1) 

FYPmax 784.8 (2) 
FY1max  176.58 (3) 

FYP 412.02 (4) 
FZ1max 83.575 (5) 
FX1max 44.145 (6) 

  
As mentioned above, in this work we have focused on four most unfavourable load 

combination cases. These load combinations are embedded in the described standard. They 
practically represent combinations of calculated loads from Table 1 and Figure 2 shows 
points of application and directions of individual loads. 

Load combinations are listed in Table 2. 

Table 2. Calculated load combinations. Source: authors 

Load case FYPmax [kN] FYP [kN] FY1max [kN] FZ1max [kN] FX1max [kN] 
1st 784.8 0 0 0 0 
2nd 0 412.02 176.58 0 0 
3rd 0 412.02 176.58 83.575 0 
4th 0 412.02 176.58 0 44.145 

 
Figure 3 shows results from strength numerical analyses of the modified freight wagon 

bogie frame under four load cases according to the table. We have evaluated stresses 
according to the HMH hypothesis. 

The frame structure is satisfactory, if in all load cases evaluated stresses are less than the 
yield stress of the used material. 
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Let’s look at Fig. 3. The first load case is the state when the highest value of the 
exceptional load acts on the frame (FYPmax = 784.8 kN), but only in the centre pivot. Under 
influence of this load the highest values of the stress arise in the centre pivot region. The 
maximum is 460.71 MPa. This would indicate, that the frame structure in this region is at 
the limit of acceptability. But we have to consider important facts. 

 
Fig. 3. Results of strength analyses. Source: authors 

The centre pivot is made of steel with the higher yield stress, therefore for this part the 
minimal yield stress value of 520 MPa is valid. Moreover during calculations more variants 
of FE mesh size were used and compared. Based on results we have found out that this 
extreme value is obviously caused by calculation errors. Other values are lower and comply 
given limits (see Fig. 3, 1st). 

In the second exceptional load case the frame was loaded by forces acting in the centre 
pivot and on the one sidebearer (namely FYP = 412.02 kN, FY1max = 176.58 kN). This load 
simulates the body swinging. From results we can see (Fig. 3, 2nd), that the maximum stress 
is in the loaded sidebearer area and it reaches value of 309.26 MPa. It is even safely below 
the yield stress of the S235 steel. 

In the third load case the exceptional load is formed in addition to vertical forces 
(FYP = 412.02 kN, FY1max = 176.58 kN) also by the lateral force (FZ1max = 83.575 kN). As we 
can see in Fig. 2, two forces act in the centre pivot and one loads frame on the sidebearer. 
The maximum stress is again in the loaded sidebearer area (Fig. 3, 3rd). The value of 
311.61 MPa is higher than in the previous load case, but still within permitted limits. 

Finally, let’s move to the fourth load case. When we compare this case with the 
previous one, we can notice, the vertical load is the same (FYP = 412.02 kN, 
FY1max = 176.58 kN), but the horizontal force acts in the longitudinal direction 
(FX1max = 44.145 kN). This force simulates the frame load resulting from a running wagon 
dynamics. The calculated maximum stress value (Fig. 3, 4th) is slightly higher in 
comparison with the third load case and that is 313.55 MPa. It is still well below the yield 
stress. 
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dynamics. The calculated maximum stress value (Fig. 3, 4th) is slightly higher in 
comparison with the third load case and that is 313.55 MPa. It is still well below the yield 
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In the future, we will research mechanical properties and dynamic behaviour of an 
entire modified bogie. We will create a mechanical system of a modified bogie in a 
multibody software and our just analysed FE model will serve as an important input for 
setting up a multibody system with a flexible body in order to study its dynamic properties 
and to compare with the original bogie for the detection of possible problems in terms of 
long-term operation [29, 30]. 

5 Conclusion 
To summarising, we have created the three-dimensional model of a modified freight wagon 
bogie frame. Because it is a fairly new design of a freight wagon bogie, we wanted to 
know, if this new frame structure is able to meet strict criteria for all new designed rail 
vehicles and their components, mainly bogies. From all scale of load cases we have chosen 
four cases included as exceptional loads. We have performed numerical analyses of the 
bogie frame structure and based on results we have found out that the structure meets 
requirements prescribed in the standard. For making clear conclusions it would be 
necessary to compare results from numerical calculations and measurements to each other. 
This is the intention of further research in this area. 
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