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STRENGTH ANALYSIS OF EXPERIMENTAL CRANE, USING PROLIFTOR 
250 ROPE WINCH AS AN EXCITATION OF A GIRDER 

 
Summary. The article presents the research carried out on the experimental 

construction of a crane, where a hoist with an AC motor without a motor control system 
was used as an excitation signal for the girder. The purpose of the described research is to 
determine the relationship between the values of the dynamic surplus factor when lifting 
the load with the loose rope in the initial phase of lifting and the distance of the hoist 
from the supporting structure. The data was obtained based on the force tests in a steel 
wire rope and subsequent determination of the values of stresses and deflections 
accompanying the selected test cases for different positions of the vibration inductor 
using the FE method. 

 
 

1. INTRODUCTION 
 

Overhead cranes are a means of transport that are very often found in all kinds of industrial plants. 
Due to the fact that her work is characterized by intermittent movement [1–6], there are some 
problems with this phenomenon. These problems include the susceptibility of the girder construction 
to vibrations and what is the danger of overloading the structure during incorrect operation or fatigue 
damage in selected locations of the structure. The purpose of this article is to present the construction 
and initial testing of a scaled model of a crane with particular emphasis on the lifting mechanism  
as an exciter and its impact on dynamic surplus factor when the lifting mechanism is in a different 
position on the girder. As it is mentioned earlier, the cranes are characterised by work with intermittent 
motion, the loads are therefore caused by the acceleration or deceleration of the work movement and 
are considered to be a regular load. Hence, lifting the load from the ground or releasing it causes 
vibration of the hoist structure [8–11, 13–18]. 

 
 

2. TEST OBJECT 
 

The test object is a miniature overhead travelling crane with a total capacity of 80 kg. Table 1 
shows the general characteristics of the tested overhead crane using PROLIFTOR 250 as a lifting 
mechanism. 

Mechatronic models of cranes (fig. 1a) are a rare solution in relation to the objectives of research, 
especially the dynamics of the lifting mechanism. 

Its main purpose is to study the dynamic behavior of the lifting mechanism when lifting the load, 
lifting load from the ground, lifting of frozen load, jerking due to the lack of control of the winding 
speed of the rope on the drum, dump of the mass or part of it, breaking and many other cases, which in 
varying degrees affect the coefficient of dynamic surplus factor. For this research, the lifting system 
consists of an AC (fig. 1b) motor without any controlling system for the determination of dynamic 
force values on the girder and wire rope.  
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Table 1 
Characteristics of the experimental crane 

 
description symbol dimension value 

lifting capacity Q [kg] 80 
span L [m] 4 

lifting height Hp max [m] 2 

operating speed lifting vh [m/s] 0.16 
winch driving vjw [m/s] Without drive 

supply voltage U [V] 220 
    
    

  
    

Fig. 1. The test stand: a) supporting structure with the power supply systems, b) vibration exciter PROLIFTOR 
            250 

 
 

3. RESEARCH CARRIED OUT ON THE REAL OBJECT 
 

During the tests, the construction was equipped with a vibration inductor based on a hoist 
PROLIFTOR 250 (fig.1b). The test was carried out for the loose rope case in the initial lifting phase, 
this process lasted until the engine was switched off by a mechanism limiting the lifting height. Then 
the load was lowered until the load hit the ground. Each measurement was performed 3 times. Figure 2 
shows the research object with the location of measurement nodes marked as Node 3, Node 4, Node 2 
– being acceleration sensors, Node 1 – being a force transducer. Acceleration measurements were 
made using a set of experimental wireless acceleration sensors based on the MPU6050 board (fig. 2, 
3b), with resolution of 16 bit sampling frequency of 500 Hz for three measuring axes. The data were 
saved using the Bluetooth interface on a laptop computer. Measurement of the force in the rope was 
performed using a dynamometer FC2k AXIS (fig. 3a) equipped with an external force sensor. 
Measurements were recorded on the device memory card with a sampling frequency of 500 Hz.  

The research plan included the measurement of accelerations in two positions of the vibration 
inductor i.e. 1 m and 2 m, respectively, from the support and force in the wire rope. In addition, the 
courses of force changes in the wire rope were recorded for the position of the vibration exciter, 
respectively, from 0.2 m to 2 m from the support in the step of 0.2 m. 
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Fig. 2. Plan of distribution of measuring sensors: 1) force transducer, 2) acceleration measurement on the cargo – 
node 2, 3) measurement of acceleration on a girder at a distance of 2 m from the support – node 3, 4) 
measurement of acceleration at a distance of 1 m from the support – node 4 

    
 

  
    

Fig. 3. a) Measuring the transducer AXIS cooperating with a force transducer 3, b) 1 – Node 2, 2 – cargo, 3 –  
           force transducer 4 – lift height limiter, and 5 – node 4 
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4. RESULTS OF LABORATORY TESTS 

    
As presented in the third point of this study, a series of tests were carried out on the discussed 

object, including the examined vibration of the girder. The first stage included measurements of forces 
in the wire rope and accelerations of selected spar points, with the position of the vibration inductor at 
a distance of 1 m and 2 m from the main support. The time series of force changes in wire rope are 
shown in figures 4 and 5. 

    
Fig. 4. Force in the wire rope: a) lifting, b) lowering for Lw=1 m, where Lw –  the distance of the inductor from 
            the support 
 

    
Fig. 5. Force in the wire rope: a) lifting, b) lowering for Lw=2m, where Lw –  the distance of the inductor from  
            the support  

    
As can be observed, the values of dynamic forces in the case of the position of the vibration exciter 

are closer to the support, and therefore in a place with higher stiffness causes a significant increase in 
forces (Fig. 4a). 

 

      
Fig. 6. Acceleration waveforms in  node 4, three  for cases where the load is missing, successively lifting, and 
            lowering for Lw=2m, where Lw—the distance of the inductor from the support 
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In the case of placing the vibration exciter in the middle of the span, i.e., the more susceptible, 
these forces are slightly smaller (fig. 5). In figs. 4 and 5, you can also observe significant values  
of forces caused by the impact of the lifting limiter by the limit switch. This phenomenon is visible in 
figs. 4 and 5 in the 8th second of measurement. Similarly, when lowering, a sudden engine start causes  
a significant oscillation of the dynamic force in the tested wire rope. 
 

 
Fig. 7. Acceleration waveforms in node 4, three  for cases where the load is missing, successively lifting, and  
            lowering for Lw=1 m, where Lw – the distance of the inductor from the support 
 

a) 

 

d) 

 

b) 

 

e) 

 

c) 

 

f) 

 
Fig. 8. List of waveforms of accelerations in nodes 4, 3, and 2 for cases where the load is 42 kg, lifting and 

lowering cycle for Lw=1 m and 2 m for lifting axis, where Lw – the distance of the inductor from the 
support 
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For the considered case, the values of accelerations were also verified in three measuring axes.  
In the case of lifting an empty hook (fig. 7), the acceleration values oscillate at the limit of -0.42g to 
0.59g for the vibration inductor located at a distance of 2 m from the support, and the measurement 
was made at the same point. For the same position of the vibration inductor, the values of 
accelerations at a distance of 1 m from the support range from -0.42g to 0.34g, therefore they are 
similar.  

For the case of locating the vibration exciter at a distance of 1 m from the support, the values  
of accelerations at a distance of 1 m from the support are already -1.12g to 1.17g, -0.34g to 0.37g for 
measurement at a distance of 2 m from the support, and are three times smaller than the value in the 
middle of the girder. These vibrations are caused mainly by the movements of the vibration exciter. 
These results are shown in figures 6 and 7. 

The next considered case was the lifting of the test load weighing 42 kg. The load was lifted in the 
most unfavourable way, i.e., without the pre-tension of the steel wire rope subsequently for Lw = 2m 
and Lw = 1m. Figure 8 shows the acceleration values for three measuring points, Node 2 on the load, 
Node 3 at a distance of 1 m from the support, and Node 4 at a distance of 2 m from the support. Figure 
8 presents a summary of the results obtained, i.e., minimum and maximum values only in the case of 
load jerk. In addition, in fig. 8, the stroke of the height limiter of the lifting mechanism and the impact 
on the ground can be observed successively. 

A comparison of the results obtained on the basis of figure 10 is shown in table 2. 
 

Table 2 
List of acceleration values for considered research cases in the lifting axis 

 
Excitation placement Measurement node Min. Acceleration value [g] Max. Acceleration value [g] 

 Node 2 - - 
Empty - Lw=1m Node 4 -0.34 0.37 

 Node 3 -1.12 1.17 

 Node 2 - - 

 Node 4 -0.42 0.34 
Empty - Lw=2m Node 3 -0.42 0.59 

 Node 2 -0.76 0.55 
Loaded - Lw=1m Node 4 -0.65 0.55 

 Node 3 -1.02 0.82 

 Node 2 -0.94 0.56 
 Node 4 -0.83 0.88 

Loaded - Lw=2m Node 3 -1.21 0.65 
 
As can be seen in table 2 and figure 8, the location of the vibration exciter in close proximity to the 

support results in large amplitudes of vertical vibrations reaching from -1.21g to 0.82g in the middle of 
the span of the girder. 

 
Table 3 

Values of forces and dynamic overloads in the wire rope for considered research cases 
 

Lw [m] 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 
Fmax [N] 747.0 749.0 745.1 683.3 686.7 664.6 671.0 637.2 614.1 641.7 
Fstat [N] 407.4 406.1 407.1 407.1 406.0 405.9 405.4 405.6 406.3 406.1 
ϕ2 [N] 1.83 1.84 1.83 1.66 1.69 1.64 1.65 1.57 1.51 1.58 

 
Table 3 presents the results of the last of the tests, i.e., the values of forces in the wire rope, both 

static and dynamic, allowing to determine the ratio of the dynamic surplus factor in the wire rope. 
Values were collected for locating the vibration exciter at 0.2 m steps up to the center of the girder. 
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5. STRENGTH CALCULATIONS OF THE CRANE STRUCTURE 

    
In order to carry out calculations using the FE method, the geometric model of the tested structure 

was used based on the construction documentation made for the purpose of building the presented test 
stand. The model was entirely made in the Autodesk Inventor program. 
 

 

 

 

 

Fig. 9. 3D model of: a) an experimental test stand, b) set of test loads, c) a trolley with lifting and driving 
             mechanism, and d) electromagnetic grip 

 
Figure 9 is a supporting structure, trolley with lifting and driving mechanism, and an 

electromagnetic grip. The tested girder is a thin-walled structure in which one of the dimensions 
(thickness) is significantly smaller than others. Such structure is often called the surface girder, which 
is characterized by a high load carrying capacity. In the case of the structure being tested, the ratio of 
the length of individual sheets to their thickness is significantly less than one, which unambiguously 
confirms that the tested structure should be treated as the surface, making the discrete model mainly 
composed of shell-type SHELL elements. 

In order to determine the stiffness, deflection, or stress of the structure, a FE model of the tested 
crane was built, which allows to carry out calculations. For the construction of a discrete model, shell 
elements S3 and S4 and beam element B31 were used. On the surface model, conventional shell 
elements, SHELL S3 and S4, of the first order with an average size of 8 mm were generated. These 
elements are defined on the reference surface, being a separate middle surface. The properties of a 
given group of elements are defined by assigning to the section. As a result of the discretization, a grid 
consisting of 187651 elements was obtained. These elements were assigned sections taking into 
account the thickness of individual sheets of the structure and the material from which they were 
made. The construction of the research test bench is made of elements made mainly of S235 steel. The 
following material properties are assigned to the respective groups of elements in the appropriate 
sections (table. 4). 
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Fig. 10. FE model of the research object 

    
Table 4 

Material data S235 [7] 
Poisson's coefficient for steel ν 0.3[-] 

Young's modulus for steel E 210000[MPa] 
Density of steel ρ 7.86e-9[ton/mm3] 

Kirchhoff module for steel G 81000[MPa] 
 

The bolt joints connecting the girder brackets were modeled as beam elements of the MPC BEAM 
type (figs. 10 and 11), connecting them to the structure by DISTRIBUTING COUPLING elements. 
Then, the movable connection in the design is realized by a set of bearings; they are realized in the FE 
model with elements of the MPC BEAM casting axis, and the connection type of hinge giving the 
possibility of carrying out a rotation about its axis and the same axis is connected with holes in the 
girder by means of the MPC BEAM. 

 
    

Fig. 11. FEM model or research object – plan of used couplings and constraints 
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The load was applied using DISTRIBUTING COUPLING CONSTRAINT elements, guaranteeing 
an even load distribution on the rail. 

    

    
Fig. 12. FEM model or research object – plan of used couplings and constraints 
 

The movable bracket of the girder and the supporting frame were fixed with a rigid 
DISTRIBUTING COUPLING element (fig. 12), giving boundary conditions at the location of the 
main node. In the discussed nodes, all degrees of freedom were received in both supports (figs. 11 and 
12). The calculation process has been divided into several phases. The first one included verification  
of deflection and stress at no load. Then, the structure was loaded with a static and dynamic working 
load determined on the basis of laboratory tests in two selected positions, i.e., 1 m and 2 m from the 
support. The simulation results are shown below. 
 

    
Fig. 13. The influence of the own weight and cargo load in the distance Lw=2m – static value, stresses reduced  
              according to the Huber–Mises–Hencky theory 
 

The values of received stresses in the girder are presented in Table 5 and figs. 13 and 14 for static 
and dynamic cases. 
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Table 5 
The results of numerical analysis 

 
Load Case Load Name ϕ2rope [-] U [mm] S [MPa] ϕ 2girder [-] 

Gravity Static - L100 1.00 1.33 7.36 1.00 
Gravity Static - L200 1.00 1.33 7.36 1.00 

Gravity + 536.61 N Static - L100 1.00 3.08 21.32 1.00 
Gravity + 536.61 N Static - L200 1.00 3.89 27.12 1.00 
Gravity + 912.35 N Dynamic - L100 1.66 4.31 32.33 1.52 
Gravity + 868.38 N Dynamic - L200 1.58 5.48 39.64 1.46 

 

    
Fig. 14. The influence of the own weight and cargo load in the distance Lw=2m – dynamic value, stresses  
               reduced according to the Huber–Mises–Hencky theory 

 
As can be seen in Table 5, the stress values caused by the load pickup generate the surplus 

coefficient factor of a smaller value. They have a ratio of 1.09 in both cases. 
 
    

6. CONCLUSIONS 
    

The simulation tests carried out in this article with the use of FEM were preliminary tests, where 
the obtained results in the form of deflections and stresses will be used in simulation studies of the 
lifting mechanism of the crane.  
a)                                                                                      b) 

 
Fig. 15. Values of the dynamic surplus coefficient: a) measured values, and trend function, b) comparison of the 
              measured and expected values and differences between them 
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The presented FE model can be the basis for further research, so-called  hybrid approach that 
combines a dynamic model with the FE model. This solution allows to identify the state of stress and 
strain during dynamic loads as well as to evaluate vibrations at any chosen place in the structure. 
Lifting the load, unrelated to the ground is, as presented, the source of mechanical vibrations  
of structures of various intensity. Depending on the elastic properties of the girder and the dynamics of 
lifting mechanism, the design of the hoist requires taking into account the dynamic factor  
of inertia and gravity influencing the elevated load not connected to the ground. The values  
of coefficient φ2 are determined on the basis of the dependence given in the norm [5, 12]. 
 
a)                                                                                      b) 

 
 
Fig. 16. Values of the dynamic surplus coefficient a) percentage differences between the measured value and the 

predicted value in relation to the position of the vibration exciter on the girder, b) differences between 
the dynamic value in the rope and the girder 

 
On the basis of the conducted research, it should be taken into account the fact that the value  

of dynamic surplus factor in the wire rope is about 10% greater than in the girder (fig. 16b) for the 
tested case, which is caused, among other things, by the rope construction itself and its properties to 
damp vibrations. It should also be remembered that this difference may be different for different types  
of construction and will depend on the length of the rope. 

Using the simple linear trend function (fig. 15a), a function describing the distribution of the 
dynamic coefficient along the span of the girder can be obtained. In the given case, the values of the 
dynamic force in the rope can be said to change almost linearly, and the dynamic lifting factor 
decreases in the rope as the span's girder approaches the center (fig. 15), where it is most susceptible to 
the forces generating the bending moment and high stresses. According to the obtained trend function, 
errors between predicted and received values based on measurements are within the 4% limit 
(fig. 16a). 
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