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Abstract. In order to ensure good stability and safety of the tower crane under long-term heavy 
load conditions, modal analysis and fatigue analysis were conducted on its key components, 
including standard section and frame section. The connection points of each truss structure were 
regarded as indivisible common nodes, and the model was simplified and parameterized, resulting 
in improved mesh quality and computational efficiency. Based on Pro/E, standard section and 
frame section models were established and imported into Workbench through intermediate data 
formats for simulation calculations in modal and static structural modules. By calculation, the 
natural frequency and modal shape of the standard section, as well as the lifespan, damage, and 
safety factor of the frame section, were obtained. It can be seen that the standard section has good 
structural stability and can maintain relative balance under excitation in different directions and 
degrees of freedom. If the safety factor of the web components is high and the service life is 
improved from a structural perspective, it can be considered to increase the thickness of the chord 
members. 
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1. Introduction 

According to the characteristics of function and structure, tower cranes can be divided into 
balance systems, rotating tower systems, boom systems, tower body systems, and chassis systems. 
Tower cranes are intermittent working equipment that require frequent starting and stopping, 
which will result in significant sudden loads on key components of the tower crane. Sudden 
dynamic loads are one of the key factors leading to tower crane failure, which can cause certain 
vibrations in the fuselage [1, 2]. If the excitation frequency is close to the resonance frequency, it 
will cause significant damage to the overall structure [3]. Strength and vibration are the main 
issues that affect the normal operation of tower cranes, and there is an inherent connection between 
the two. The structural failure caused by vibration mainly comes from fatigue failure, and at the 
same time, strong vibration has a significant impact on the physical and mental health of operators 
[4, 5]. Therefore, the modal and strength characteristics of key components of tower cranes are 
currently the focus of research. Finite Element Analysis is a common engineering analysis method, 
which converts a complex problem with continuity into a discrete simple problem through 
mathematical means to solve it, and then gradually solves the problem [6]. The solution values of 
the finite element analysis results obtained by combining many subsets can be approximated by 
specific equations for each subset. Generally, the more subsets there are, the closer the final result 
is to the true result, which can effectively meet the computational requirements in engineering [7]. 
The finite element model simplifies many complex problems that cannot be solved, so that 
satisfactory solution values can be obtained. Even if these values are not completely exact 
solutions, they can fully meet the accuracy requirements in practice and greatly reduce the 
difficulty of mathematical solving. The finite element analysis method is an indispensable research 
method in the current engineering field. Although it is an approximate solution, it fully meets the 
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accuracy requirements of engineering design and application. Therefore, based on the finite 
element method, the modal and fatigue strength of key components of the tower crane can be 
simulated and analyzed. 

2. Modal characteristic analysis of standard sections 

2.1. Establishment of the model 

The establishment of the finite element model of tower crane components is the first and very 
important step in numerical simulation. When establishing the key model of tower crane, it is 
necessary to simplify the actual structure. Due to the fact that most of the boom frame sections 
and standard sections are welded, considering the efficiency and accuracy of finite element 
solution, each connection point can be regarded as an inseparable common node connection. In 
the paper, Pro/E was used to establish a three-dimensional model of the tower body standard 
section and the lifting arm frame section, and it was imported into Workbench through 
intermediate data format. The finite element analysis types were selected as modal analysis and 
static structural analysis. 

Modal analysis can deeply understand the vibration characteristics of structures, determine the 
vibration frequency of structures in equipment, reduce the possibility of resonance, and prevent 
structural damage caused by resonance factors. Due to the fact that the vibration characteristics 
are independent of external loads and are inherent to the object itself, and damping has little effect 
on the vibration characteristics, the natural frequency can be calculated using the undamped free 
vibration equation. Based on the actual structure of the tower crane, a three-dimensional model of 
the tower body standard section was established using Pro/E as shown in Fig. 1. After saving it in 
iges format, it was imported into the ANSYS/Workbench analysis model. The selection of finite 
element analysis type is modal analysis. The basic material properties of the standard section are 
defined through the material property definition module, and the tetrahedral mesh type is used for 
mesh division, as shown in Fig. 2. 

 
Fig. 1. Three-dimensional diagram 

 
Fig. 2. The results of finite element mesh division 

2.2. Modal characteristic analysis 

In modal analysis, the degrees of freedom at both ends of the standard section are fully 
constrained, and the first 12 natural frequencies and vibration modes are calculated. The 
calculation results of the natural frequency are shown in Table 1. By arranging the natural 
frequencies in order, the fluctuation diagram of the natural frequency can be obtained as shown in 
Fig. 3. From Table 1 and Fig. 3, it can be seen that among the first 12 natural frequencies, the first 
natural frequency is 18.48 Hz, and the natural frequency variation in the first 8 orders is relatively 
small. The natural frequency of the 9th order is 52.185 Hz, which is more than twice the natural 
frequency of the 8th order, and shows a small trend of variation in the 9-12 order natural 
frequencies. The calculation results indicate that the standard section has good structural stability 
and can maintain a relatively balanced characteristic under excitation in different directions and 
degrees of freedom. 
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Fig. 3. Natural frequency variation law 

Table 1. Natural frequency variation law 
Mode (𝑛) 1 2 3 4 5 6 

Frequency (𝑓) / Hz 18.48 18.769 19.047 19.647 21.964 22.397 
Mode (𝑛) 7 8 9 10 11 12 

Frequency (𝑓) / Hz 22.659 22.901 51.77 53.185 54.03 54.821 

The vibration mode diagram of the standard section of the tower body is shown in Fig. 4. From 
the figure, it can be seen that under the action of the first 12 natural frequencies, the positions 
where amplitude is prone to occur are all located in the strengthening plate, and the angle steel in 
the length, width, and height directions is less affected by resonance. From this, it can be seen that 
if you want to improve the overall stiffness of the standard section, you can start with the structure 
of the strengthening plate, such as increasing the thickness, increasing the number of strengthening 
plates, etc. This analysis result has certain guiding significance for the optimization design of the 
standard section. 

 
a) 1st modal shape 

 
b) 2nd modal shape 

 
c) 3rd modal shape 

 
d) 1st modal shape 

 
e) 2nd modal shape 

 
f) 3rd modal shape 

Fig. 4. The first six modal shape 

3. Analysis of fatigue characteristics of frame section 

3.1. Establishment and pre-processing of finite element models 

Similarly, establish a three-dimensional model of the frame section in the PRO/E environment, 
and import it into the finite element analysis software ANSYS/Workben in iges format, as shown 
in Fig. 5. According to the research plan of the project, the solution type for the research content 
is determined as static structural analysis, and fatigue calculation is carried out based on the 
simulation results. The tetrahedral structure mesh and local mesh optimization method were used 
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to partition the frame section, and the mesh diagram is shown in Fig. 6. 
According to the load-bearing characteristics of the boom, it can be seen that the ultimate 

torque borne by the entire boom remains basically unchanged. In other words, the greater the 
distance from the horizontal direction of the tower, the smaller the weight that can be retracted. 
The analysis object is the second section at the farthest end of the crane arm, which can lift a 
weight of 2 tons. According to the equivalent load handling method, the degrees of freedom of the 
left end face of the frame section are fully constrained, and remote loads are applied to the right 
end face of the frame section in a concentrated force and bending moment manner. Among them, 
due to the complexity of wind loads, the article adopts the wind load calculation method 
summarized by the Shanghai Construction Bureau for solving, mainly including the wind load of 
lifting heavy objects and the wind load of frame sections. 

 
Fig. 5. Three-dimensional diagram 

 
Fig. 6. The results of finite element mesh division 

3.2. Static strength structural analysis 

Through continuous iterative operations, the stress and deformation field analysis results of 
the frame section can be obtained as shown in Fig. 7. In Fig. 7(a), it can be seen that the stress 
distribution has obvious discontinuity, with the main location of high stress being the chord, and 
the stress concentration area distributed near the contact between the chord and the web, with a 
maximum stress value of 198.4 MPa. Moreover, due to the reasonable spacing between the web, 
a rigid triangular structure is formed, making the overall stress more dispersed. This calculation 
result meets the required stress range. From Fig. 7(b), it can be seen that the deformation exhibits 
a significant linear characteristic, with a significant deformation occurring at the rightmost end of 
the frame section, with a maximum deformation of 24.2 mm, which can be ignored compared to 
the size of the entire frame section. However, it should be noted that the calculated maximum 
displacement is relative to the fixed constraint at the leftmost end of the frame section, and it does 
not reflect the deformation of the entire boom. 

 
a) Stress analysis results (Pa) 

 
b) Deformation analysis results (m) 

Fig. 7. Strength simulation results 

3.3. Fatigue characteristic analysis 

In order to further analyze the structural characteristics of the frame section, fatigue cyclic 
stress was applied in the static analysis results, as shown in Fig. 8, and the fatigue characteristics 
were solved using complete alternating stress. Due to the tower crane being a low-frequency 
working machinery, the maximum stress is lower than the yield limit. Therefore, the load is 
applied based on the stress life method in the article, and the calculated maximum cycle life is set 
to 109. 

Through calculation, the lifespan cloud map, damage cloud map, and safety factor cloud map 
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of the frame section can be obtained as shown in Fig. 9, and there is a certain correlation between 
the three results. It can be seen that there is a clear consistency between the life cloud map and the 
stress cloud map, that is, the fatigue life is shorter at positions with higher stress. The damage 
cloud map (the ratio of design life to available life) is another manifestation of the life cloud map, 
and this frame structure has good fatigue resistance. The safety factor of the web member (given 
a safety factor of 109 cycles, with a maximum value of 15) is very high, and there is almost no 
failure problem. If considering the improvement of service life from a structural perspective, 
increasing the thickness of the chord member can be considered. 

 
Fig. 8. Properties of fatigue load 

 
a) Life simulation results 

 
b) Damage analysis results 

 
c) Safety factors analysis results 

Fig. 9. Fatigue characteristic analysis results 

4. Conclusions 

1) The standard section has good structural stability and can maintain a relatively balanced 
characteristic under excitation in different directions and degrees of freedom; Under the action of 
the first 12 natural frequencies, the positions where amplitude is prone to occur are all located on 
the strengthening plate, and the angle steel in the length, width, and height directions is less 
affected by resonance. Therefore, if you want to improve the overall stiffness of the standard 
section, you can start with the structure of the strengthening plate, such as increasing the thickness 
and number of strengthening plates. 

2) According to the structural analysis results of the frame section, it can be seen that the stress 
distribution has obvious discontinuity, and the position with high stress is mainly the chord, with 
a maximum stress value of 198.4 MPa. Moreover, due to the reasonable spacing between the web 
members, a rigid triangular structure is formed, which makes the overall stress more dispersed. 
This structure has good fatigue resistance. The safety factor of the web member is very high, and 
there is almost no problem of failure. If we consider the improvement of service life from a 
structural perspective, we can consider increasing the thickness of the chord member. 
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