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Abstract: Overhead cranes are used in production halls, industrial buildings, transshipment yards, automobile factories, as well as in 

agricultural warehouses. The end carriage is an essential part of any overhead crane. Special attention is focused on the end carriage beam, 

which is a fundamental component of the end carriage in terms of load and strength. The introductory part of the paper aims to introduce the 

crane issues, particularly with respect to bridge cranes. The paper attends to the design of the end carriage beam for a single girder bridge 

crane with a 500 kg load carrying capacity including a strength analysis of the proposed beam. On the basis of the input load data of the end 

carriage beam and dimensions of area on which the main girder is placed on the end carriage beam, the minimum section modulus in 

bending was determined through the Allowable Stress Method as a critical parameter for the selection of the end carriage beam. The 

calculated value of the minimum section modulus in bending is 1416.18 mm3, based on which the U4O beam profile of S235 JR material was 

selected. One of the objectives is to create a 3D CAD model of the proposed end carriage beam and subsequently perform FEM analysis of 

the beam using Ansys engineering simulation software. The purpose of the analysis is to determine the maximum bending stress and 

maximum deflection of the end carriage beam. The results of the FEA analysis demonstrate that the proposed beam is satisfactory in terms of 

allowable stress and deflection. Moreover, the beam designed in this manner along with the numerical simulation results provides a 

precondition of its possible future production. 
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1. Introduction 

The transportation and handling of materials from one place to 

another is one of the basic activities in all manufacturing industries. 

This activity is performed and ensured by means of transport and 

handling technology, which is a special field in terms of 

engineering production. A relatively wide spectrum of machines 

and equipment represent load lifting equipment, which chiefly 

includes cranes [1,2]. Since its invention, the crane has been utilized 

as an important part of the work environment. They are frequently 

employed in lifting heavy loads as well as in the construction 

industry. Different types of cranes are available for different 

requirements. Each type of crane is produced in order to meet the 

specific requirements of the users [3]. Thus, cranes are pieces of 

machinery used to move loads, lifting, travelling, turning or 

changing the position of crane boom, commonly by combining 

several movements [4]. Cranes can be classified from several points 

of view, as follows: 

• In terms of motion – fixed cranes, mobile cranes, crawler 

cranes, floating cranes, and others, 

• In terms of a type of the drive – manual, electric, hydraulic, 

combined and others, 

• According to external shape of steel structure – bridge cranes, 

overhead cranes, gantry, semi-gantry cranes, jib cranes, vehicle-

mounted cranes, tower cranes, and others, 

• According to the operating place – workshop cranes, tower 

and mobile construction cranes, railroad cranes, harbor cranes, 

metallurgical cranes, and others.  

In addition, from the point of view of the type of operation (rate 

of loading), cranes are divided into 5 fundamental groups denoted 

with Roman numerals: 

0. – for very light operation (maintenance and repair cranes), 

I. – for light operation (assembly and repair cranes), 

II. – for medium operation (workshop, construction cranes), 

III. – for heavy operation (workshop, foundry, casting, grab cranes), 

IV. – for very heavy operation (tongs, forging, casting cranes) [5]. 

Bridge cranes belong to the most widely employed cranes. This 

type of cranes ensures the movement of material commonly over a 

rectangular area designed for material handling. They are one of the 

chief devices for handling and lifting in factories, warehouses and 

transshipment yards. Thus, overhead cranes are widely utilized in 

various fields, such as heavy industries, seaports, automobile 

factories and construction facilities as well as special buildings, for 

instance, reactor buildings and turbine buildings [1,6]. 

2. Bridge cranes 

The overhead crane can be denoted as a machine that is capable 

of lifting and lowering heavy objects and moving them from one 

place to another. In other words, overhead cranes are complex crane 

machines designed to carry loads in the horizontal and vertical 

planes. In terms of design, they represent cranes with one or two 

main girders depending on the size and load range [7]. Generally, 

overhead crane is based on three separate movements: 

1. The first movement is represented by the hoist, whose 

function is to raise and lower the material. 

2. The second motion is ensured by the trolley (cross travel), 

which allows the hoist to be positioned directly above the material. 

3. The third is the movement of the gantry or bridge (long 

travel), which allows the motion of the entire crane along its 

operating area. 

The design of bridge cranes varies greatly according to their 

main operating specifications. These specifications can comprise 

the type of movement of the crane structure, the mass and type of 

load, the location of the crane, the geometric characteristics, the 

operating modes and the environmental conditions [1,2]. 

In terms of designing the bridge crane, it is required to focus on 

sizing of appropriate cross-sections and concentrate on the 

calculation of overall strength of the crane from the point of view of 

safe operation. Moreover, it is necessary to select the most suitable 

and relatively reliable structural solution. The following features are 

crucial in terms of the design and construction of overhead cranes: 

functionality, operational safety, technical protection, low costs, 

uncomplicated replacement of damaged parts, aesthetic shape, 

simple inspection and handling, utilization of simpler technologies 

in fabrication and assembly [1,2,7]. Inasmuch as the crane structure 

is affected by load carrying capacity, fatigue loading, material aging 

and overloading during operation, the critical metal structure of the 

overhead crane such as the center of span of the main girder, the 

web of the end girder, the bolted connection and the heat affected 

welding zone [2, 3] will cause inevitable accumulation of damage. 

Therefore, it is indispensable to scrutinize the stress state in the 

precarious position of the metal structure of the crane [8]. 

A crane cat (or trolley) moves along the rails on the main 

girders of the bridge (Fig. 1). Single girder bridge cranes are 

designed in order to cover a wide range of requirements of modern 

industry. The obvious advantage for this solution is the high added 

value of the investment without compromising on performance. The 

single girder bridge crane has a lower weight or vertical wheel load 

due to its optimized design, which is reflected in cost savings for 

building state-of-the-art support structures as well as in increased 
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load capacity of existing structures. Different types of crane girders 

and lifting device locations can be employed in the design in order 

to ensure optimum utilization of the available travelling space. 

Accordingly, the space requirements of the crane can be reduced by 

up to 50 %. Different types of rope and chain hoists moving along 

the bottom edge/beam flange are employed as standard equipment 

due to their low demand on the dimension of the top space. When 

systems with larger lifting capacities of 10 tons or more are 

required, it is generally preferable to consider the use of a double 

girder bridge crane for the sake of the optimization of dimensions 

and performance. This type of cranes can lift, transport and place 

almost anything precisely to its location anywhere in crane working 

area [9,10]. 

 

Fig. 1 A double girder bridge crane and its components [17]. 

 

The selection of the proper type of bridge crane is essential for 

streamlining workflow and maximizing productivity. Many factors 

are considered in the process of selection, for example, the required 

length of the runway, the operating time of crane, the lift height 

demand, whether the bridge crane will be fixed against the walls of 

the building or will be of a separate design, and others [11-13]. 

3. End truck of a bridge crane 

The end trucks are an integral part of the entire structure of the 

double girder bridge crane and symbolize extremely responsible 

part of the crane. The end truck is positioned on both sides of the 

bridge and is equipped with wheels on which the entire crane 

moves. In addition to ensuring the motion of the whole bridge crane 

structure along the crane runway, it is necessary to meet the 

conditions of strength, rigidity, and stability. All loads are 

transferred from the main girders to the crane runway by means of 

the end trucks. Some of these loads depend on the design of the 

entire overhead crane structure, the type of trolley and the 

movement conditions. For the sake of these reasons, special 

scrutiny should be subjected to design of the end trucks [14]. 

For the sake of bridge crane manipulation along the crane 

runway (translational motion) in terms of the performance of the 

desired functions, a suitable drive for this movement is required, as 

well as the type of construction. For this reason, end trucks are 

employed, which along with the main girder form the steel structure 

of the overhead crane. The principal function of the end truck is to 

move the entire structure of the overhead crane along the crane 

runway in addition to ensuring the stability and rigidity of the entire 

structure of the overhead crane. For these reasons, the end trucks 

are responsible parts in the whole structure of the overhead crane, 

thus the selection of the geometrical characteristics of the cross-

sections of these girders is crucial. Generally, box sections (both 

standard and welded, depending on the load capacity) are most 

utilized elements for the construction of end trucks. Nevertheless, 

other forms of sections are employed [15,16]. 

 

Fig. 2 Construction of the end truck and its components [18]. 

 

Bridge crane end trucks are the long traveling mechanism of 

overhead cranes and gantry cranes. The end truck (Fig. 2) is made 

up of various structural elements, for instance, end truck beam, end 

truck motor, wheels, bearings, axles, overhead crane brake 

mechanism, overhead crane gearbox, end truck bumper [11]. 

End trucks is commonly motorized and have at least 4 forged 

steel wheels equipped with sealed tapered roller bearings. End 

trucks shall be produced as one-piece welded structure and designed 

in order to distribute the weight of the crane and its load evenly 

between the wheels. They shall be equipped with appropriate drop 

stops that prevent the crane from falling further than 25 mm in case 

of breakage of an end truck wheel, bogie or axle. Moreover, end 

trucks shall be designed to engage into the side of the rail in case of 

a guide roller collapse and stop the crane safely [1]. 

4. Design of an end truck beam 

The proposed end truck beam is a component of the designed 

single-girder bridge crane with a load capacity of 500 kg, which is 

depicted in Fig. 3. For the stated bridge crane, the main girder has 

already been designed and checked by means of the strength 

analysis. The main girder and results of analysis are stated in the 

paper [19]. Moreover, the crane hook was designed for the single 

girder bridge crane and is addressed by the authors in the paper 

[20]. Furthermore, the design of the steel rope was carried out for 

this bridge crane, as well as the design and strength analysis of the 

rope drum that the authors discuss in detail in the paper [21]. 

 

Fig. 3 Designed single girder bridge crane with a 500 kg load capacity 

[19]. 

 

4.1 Determination of the end truck beam load 

In recent years, efforts to achieve greater efficiency in the use of 

materials have led to lighter and more flexible lifting machine 

designs. Increasing operating speeds of modern lifting machines 

have resulted in enhancing dynamic loads. In terms of engineering 

practice, dynamic coefficients stated in STN 27 0103 are employed 

in strength calculations in order to take account the dynamic effects. 

The values of the coefficients are assigned to the individual crane 

groups. The groups are formed based on the rate of loading and the 

magnitude of operating speeds. Statically acting quantities are 

multiplied by these coefficients (for example, static forces, bending 

moments, shear forces). Thus, the actual loading effects will be 

larger by certain dynamic components [2,13]. Therefore, the values 

of the individual loads are increased by the dynamic coefficients 

determined according to STN 27 0103 standard in the presented 
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case [22]. For the factor considering the self-weights, value γg = 1.1 

(-) is chosen, and for the factor considering the weight of the load, 

the value γlo = 1.3 (-) is selected. 

The end truck beam is affected by the weight of the main beam 

and the weight of all the components attached to it. This influence is 

manifested through the distributed load acting on the end truck 

beam in its center (see Fig. 4.). 

 

Fig. 4 The load acting on the end truck beam. 

 

For the sake of determination the value of the distributed load 

qc, it can be employed the equation (1). The magnitude of the load 

is considered to be a quarter, since there are two beams of one end 

truck (Fig. 3). 

𝑞𝑐 =
 𝑚´𝑁 + 𝑚´𝑀 + 𝑚´𝐵 ⋅ 𝑔

4 ⋅ 𝑏
 , (1) 

kde b – width of the main girder, m´N – mass of the main girder of 

the crane bridge increased by a coefficient γg (2): 

𝑚´𝑁 = 𝑚𝑁 ⋅ 𝛾𝑔  , 

𝑚´𝑁 = 12.333 ⋅ 1.1 = 13.57 kg , 
(2) 

further m´M – mass of the crane cat mM increased by the coefficient 

γg and mass of the hook block mkl increased by the coefficient γlo 

(3): 

𝑚´𝑀 = 𝑚𝑀 ⋅ 𝛾𝑔 + 𝑚𝑘𝑙 ⋅ 𝛾𝑙𝑜  , 

𝑚´𝑀 = 32.4 ⋅ 1.1 + 3 ⋅ 1.3 = 39.54 kg , 
(3) 

ultimately, m´B – mass of the load mB increased by the coefficient γlo 

(4): 

𝑚´𝐵 = 𝑚𝐵 ⋅ 𝛾𝑙𝑜  , 

𝑚´𝐵 = 500 ⋅ 1.3 = 650 kg . 
(4) 

After determining the necessary quantities, it is possible to 

calculate the distributed load according to equation (1): 

𝑞𝑐 =
 13.57 + 39.54 + 650 ⋅ 9.81

4 ⋅ 55
= 31.352 N · mm−1 , (5) 

4.2 Sizing of the end truck beam 

The Allowable Stress Method is used for sizing, which states 

that the stresses arising in all cross-sections σmax must be less than 

the given allowable stress σdov (6). 

𝜎𝑚𝑎𝑥 ≤ 𝜎𝑑𝑜𝑣  . (6) 

In order to determine the value of the maximum allowable 

stress, formula (7) is employed, where the safety value 𝑘 is chosen 

as k = 1.6 (-). The material of the proposed beam is S235JR steel 

with a yield strength value of Re = 235 MPa, which is utilized for 

end truck beams. 

𝜎𝑑𝑜𝑣 =
𝑅𝑒

𝑘
 , 

𝜎𝑑𝑜𝑣 =
235

1.6
= 146.875 MPa . 

(7) 

Due to selection of a suitable cross-section of the beam, it is 

necessary to calculate the minimum value of the section modulus 

Wo min. The equation (8) applies to σmax: 

𝜎𝑚𝑎𝑥 =
𝑀𝑀𝑚𝑎𝑥

𝑊𝑜𝑚𝑖𝑛
 . (8) 

After substituting (6) into formula (8) and its subsequent 

adjustment, the relation (9) for calculating the minimum value of 

the section modulus in bending Wo min is obtained: 

𝑊𝑜𝑚𝑖𝑛 =
𝑀𝑀𝑚𝑎𝑥

𝜎𝑑𝑜𝑣
 . (9) 

Fig. 4 clearly demonstrates that the maximum bending moment 

MMmax occurs in the center of the beam. The maximum bending 

moment that occurs in section II (Fig. 5) is determined. 

 

Fig. 5 Sections of imaginary cuts on the beam. 

 

In section II, the bending moment Mo2 is calculated according to 

the following formula (10): 

𝑀𝑜2 =
𝑞𝑐 ⋅ 𝑏

2
⋅  

𝑧

2
−
𝑏

2
+ 𝑥2 − 𝑞𝑐 ⋅

𝑥2
2

2
 . (10) 

where qc – distributed load acting on the beam, b – width of the 

main girder of the bridge crane [19], z – length of the end truck 

beam, x2 – the distance of the section II from the beginning of the 

distributed load. 

The maximum bending moment occurs in the middle of the 

beam (Fig. 5), therefore (11) is applied: 

𝑥2 =
𝑏

2
 . (11) 

In addition, equation (12) holds for this case: 

𝑀𝑜2 = 𝑀𝑀𝑚𝑎𝑥  . (12) 

After substituting (11) and (12) to formula (10), the equation 

(13) is obtained: 

𝑀𝑀𝑚𝑎𝑥 =
𝑞𝑐 ⋅ 𝑏

2
 
𝑧

2
−
𝑏

2
+
𝑏

2
 − 𝑞𝑐 ⋅

 
𝑏
2
 

2

2
 . 

(13) 

The equation (14) is provided by means of subsequent 

adjustment: 

𝑀𝑀𝑚𝑎𝑥 =
𝑞𝑐 ⋅ 𝑏 ⋅ (2 ⋅ 𝑧 − 𝑏)

8
 . (14) 

After substituting the values, the value of the maximum bending 

moment MMmax is obtained (15): 

𝑀𝑀𝑚𝑎𝑥 =
31.352 ⋅ 55 ⋅ (2 ⋅ 510 − 55)

8
= 208001 N · mm (15) 

The end truck will consist of two U profiles (two end trucks, 

thus, totally 4 beams). After substituting the values, the minimum 

section modulus Womin for the end truck beam according to formula 

(9) is determined: 
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𝑊𝑜𝑚𝑖𝑛 =
208001

146.875
= 1416.18 mm3  . (16) 

4.3 A selection of the end truck beam 

When choosing a beam, condition (17) must be met: 

𝑊𝑜 ≥ 𝑊𝑜𝑚𝑖𝑛  , (17) 

where Wo – section modulus of the proposed end truck beam, Womin 

– minimal section modulus. 

The selection of the suitable beam is based on the calculated 

value of the minimum section modulus (16). The hot-rolled U40 

profile made of material S235JR / 1.0038 from the Ferona catalog 

[23] is selected for the end truck. Fig. 6 shows the selected beam 

profile. 

 

Fig. 6 Cross section of the U40 profile. 

The parameters of the selected U40 beam section is stated in 

Table 1. 

Table 1 Parameters of proposed beam U40 [23]. 

Parameter Notation Value Unit 

Height of the profile h 40 mm 

Profile width b 35 mm 

Web thickness s 5 mm 

Flange thickness t 7 mm 

Cross-sectional area A 621 mm2 

Mass per unit length ml 4.87 kg.m-1 

Radius of inner fillet r1 7 mm 

Radius of flange fillet r2 3.5 mm 

Moment of inertia 

about the x-axis 
Ix 14.1 cm4 

Moment of inertia 

about the y-axis 
Iy 6.68 cm4 

Section modulus to the 

x-axis 
Wox 7050 mm3 

Section modulus to the 

y-axis 
Woy 3100 mm3 

Radius of inertia to the 

x-axis 
ix 15 mm 

Radius of inertia to the 
y-axis 

iy 10.4 mm 

5. 3D model and FEM analysis of the end truck 

beam  

Finite element analysis has currently become an indispensable 

part of computer-aided engineering (CAE) and is utilized 

extensively in the analysis and design of many complex real-life 

systems. In other words, the finite element method (FEM), 

sometimes referred to as finite element analysis (FEA), is a 

computational technique employed in order to obtain approximate 

solutions to boundary value problems in engineering. In simple 

terms, a boundary value problem is a mathematical problem in 

which one or more dependent variables must meet a differential 

equation everywhere in the spectrum a known domain of 

independent variables and satisfy specific conditions on the 

boundary of the domain. Boundary value problems are occasionally 

symbolized as field problems. The field is the domain of interest 

and frequently represents a physical structure. The field variables 

are the dependent variables of interest governed by a differential 

equation. The boundary conditions are the specified values of the 

field variables (or related variables such as derivatives) at the 

boundaries of the field. On the basis of the type of physical problem 

being analyzed, the variable fields may include, for example, 

physical displacement, temperature, stress, heat flux, and fluid 

velocity. The finite element method is effective in solving both 

straightforward linear static issues and extremely intricate nonlinear 

transient dynamic problems. FEA is a mature field that currently 

rests on rigorous mathematical fundamentals. Many powerful 

commercial software packages are presently available that allow its 

wide utilization in several industries. The FEM can be viewed 

clearly as a method for finding approximate solutions to partial 

differential equations as well as a tool for transforming partial 

differential equations into algebraic equations that are then 

conveniently solved [24-26]. The basic principles of analysis using 

the finite element method are shown in Fig. 7. 

 

Fig. 7 Finite element method analysis procedure [27]. 

 

5.1 3D modeling of the end truck beam and determination of 

boundary conditions 

The analysis of the end truck beam is performed in the working 

environment of the Ansys software. This software is employed to 

obtain the value of the maximum deflection of the end truck beam 

and to determine the value of the maximum bending stress. Catia 

V5 software from Dassault Systemes is utilized in order to create a 

3D model of the end truck beam. In the working environment of 

this software, a spatial model of the end truck beam is designed 

(Fig. 8). The model model is created with regard to the dimensions 

(tab. 1) of the selected U40 end truck beam profile (Fig. 6). The 

length of designed beam is 510 mm. 

 

Fig. 8 3D CAD model of the designed end truck beam U40. 

 

This created beam model is subsequently imported into the 

Ansys working environment. In addition, it is assigned the selected 

material S235, which has a yield strength of 235 MPa. The 

boundary conditions (Fig. 9) by means of the remote displacement 

function are further applied due to the analysis of the end truck 

beam model. 

 

Fig. 9 Boundary conditions applied to end truck beam model. 
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The beam is supported on bearings of the pivots of two crane 

wheels. The beam is fixed on one pivot, and it can move in the x-

axis direction on the other one. Moreover, there is an assumption of 

loosening in both bonds - rotation about the y-axis. An application 

surface is formed on the top flange of the beam, the dimensions of 

which are determined by the width of the main girder (the 

placement of the main girder on the end truck beam) and the width 

of the end truck beam for the reason that the end portion of the main 

beam is placed over the full width of the end truck beam. Figure 9 

shows the created surface with its dimensions. The load 𝐹𝑄 of 

1724.36 N value is applied to this surface. The acting load is 

determined based on formula (18): 

𝐹𝑄 = 𝑞𝑐 ∙ 𝑏 . (18) 

where 𝐹𝑄 – load acting on the end truck beam, qc – distributed load 

calculated in (5), b – the width of the main girder of the bridge 

crane. 

After substituting values into formula (16): 

𝐹𝑄 = 31.352 ∙ 55 = 1724.36 N . (18) 

Subsequently, the end truck beam model is meshed (Fig. 10) 

using elements of the quadratic type. The size of the elements is 5 

mm. The number of elements is 7841 and the number of nodes is 

15791. 

 

Fig. 10 Meshed model of the end truck beam. 

 

5.2 Results of the FEM analysis of the designed end truck 

beam 

In terms of FEM analysis results, the maximum bending stress 

and total deformation are crucial. For FEA, the value of Young's 

Modulus is 2.1∙105 MPa and Poisson's ratio is 0.3. 

 

Fig. 11 The resultant Von-Mises bending stresses arising on the end truck 
beam. 

 

Fig. 11 demonstrates that the maximum bending stress (Von 

Mises) is at the location of the main girder on the end truck beam, 

namely at the center of the end truck beam. The magnitude of 

obtained bending stress is 66.356 MPa. The value of computed 

maximum bending stress is marked and depicted in Fig. 11 in the 

blue box. Furthermore, Fig. 11 evidently demonstrates that the 

maximum stresses arise in the bonds. 

The magnitude of the maximum deflection obtained by dint of 

the Ansys simulation program is 0.3823 mm. Fig. 12 shows the total 

deflection of the vehicle beam along with the value of the maximum 

deflection indicated by the red box. The maximum deflection is as 

expected at the placement of the main beam on the end truck beam. 

 

Fig. 12 Total deformation of the end truck beam. 

 

Inasmuch as the value of the maximum bending stress is less 

than the value of the allowable stress, i.e., the condition given by 

formula (15) is met, it can be concluded that the proposed U40 

S235JR end truck beam is suitable for the single girder bridge crane 

with a load capacity of 500 kg. 

6. Conclusion 

The main objectives of the addressed paper include an 

introduction to the issue of overhead cranes, especially their 

essential component, which is the end truck beam. The theoretical 

part of stated paper is focused on the introduction of one group of 

handling equipment, which are cranes, especially in terms of their 

division and use. Furthermore, this part deals with one of the most 

widely used groups of cranes, namely bridge cranes. On the one 

hand, it discusses bridge cranes in terms of their principle of 

operation, their operational specifications, their components, from 

the point of view of their design and utilization, on the other. The 

practical part of current paper concentrates on the end truck of 

bridge crane, especially the end truck beam. The predominant 

objectives are the design of the vehicle beam for the proposed 

single girder bridge crane with a load capacity of 500 kg and the 

strength check of the proposed end truck beam. On the basis of the 

input load data of the end truck beam and the dimensions of the 

main girder bearing area on the end truck beam, the minimum 

section modulus in bending was determined through the Allowable 

Stress Method as a critical parameter for the selection of the end 

truck beam. According to the calculated value of the minimum 

section modulus in bending, which was 1416.78 mm3, the U40 

beam made of S235JR material was selected. The parameters of the 

section of chosen beam are given in Table 1. In addition, this beam 

was subsequently subjected to FEM analysis using Ansys software, 

where two parameters, namely maximum deflection and maximum 

bending stress, were examined. The value of the maximum 

deflection was 0.3823 mm, and this deflection occurred at the 

expected location, i.e., at the center of the beam of the end truck. 

The value of the maximum bending stress was 66.356 MPa. The 

values of the maximum bending stress and deflection are less than 

the permissible values. Thus, based on the numerical simulation 

results, it can be concluded that the proposed U40 vehicle beam is 

satisfactory in terms of strength and stiffness. Ultimately, the above 

calculations and results create a prerequisite for the possible 

production of the proposed end truck beam, which is a crucial 

component of the single girder bridge crane with a load capacity of 

500 kg. 
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