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Abstract: Structural dynamics analysis is widely used in the fields of civil engineering, automobile manufacturing industry, 

Aerospace industry, and construction machinery. It is rarely applied in the railway transportation industry, especially the catenary 

arm structure. In this paper, a dynamic analysis of the cantilever structure is carried out, and the natural frequency of the 

cantilever structure is obtained. Through research, the frequency range that can cause the resonance of the cantilever structure is 

found and compared with the structural vibration frequency caused by the external load in the actual working condition. For this 

purpose, a finite element model of cantilever structure was created based on engineering practice. Static analysis was done by 

using finite element method to test the model’s strength and stiffness. Then a dynamic model was made and modal analysis was 

done in order to get the first ten natural frequencies and corresponding modes. Resonance frequency was got by taking harmonic 

response analysis under the influence of external load. After all of these, a conclusion was made and the overall structure of the 

resonance phenomenon will not occur in actual situation which coincides with engineering actuality. It provides theoretical 

support for engineering practice. And also provides a theoretical basis for the follow-up structural anti-loose research. 
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1. Introduction 

Structural dynamics analysis is widely used in the fields of 

civil engineering, automobile manufacturing industry, 

Aerospace industry, and construction machinery. It can help 

people deepen their understanding of the characteristics of 

the structure itself. For example, it can let people know under 

what circumstances external forces will cause structural 

resonance, which in turn will affect the safety of the structure, 

and what measures can be taken to prevent such incidents 

from happening. 

The resonance can cause loose parts, it would greatly 

reduce the reliability of the structure. More seriously, 

according to Xiao S, Luo Y's study, it can affect the current 

collection performance between the pantograph and the 

catenary [1]. It should be avoided as far as possible in the 

process of design and construction. When the pantograph 

passes through the positioning clamp, it would cause impact 

and vibration to the cantilever structure system. At the same 

time, the changes of wind load, contact line tension and other 

external loads would also have a certain impact on the whole 

structure system of the catenary. For the catenary system, 

under the normal driving condition, the vertical natural 

frequency “f” of the contact line is about 1 Hz. At present, 

there are few researches on the analysis and calculation of the 

cantilever support structure and the resonance relationship 

between the cantilever support structure and the contact wire. 

Generally, they only rely on working experience, without 

theoretical support. There is no strict requirement for this in 

the national standard, which is often ignored and ignores the 

dynamic performance of the structure. 

This article draws on Yang Y, El-Shabrawy M M, Hh A, 

DSA Júnior, Rodrigues M, et al.'s correction method of 

Timoshenko beam theory, and also refers to the way Ttt A, 

Ssbca B, Do V D, Hiroaki K, Cruceanu I C et al’s method of 

obtaining frequency response, analyzes and evaluates the 

dynamic performance of the overall structure system through 

modal analysis, harmonic response analysis and related 

mechanical calculations of the cantilever structure system, and 

verifies the degree of conformity between the model and the 

actual working conditions [1-3]. 
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2. Structural Static Model and Static 

Characteristics Analysis 

This paper selects the most unfavorable working condition, 

that is, the large-bounded cantilever structure system with 

anchor support as the analysis object. The distance between 

the base of the cantilever is 1.8m, the total length of the flat 

cantilever is 4.1m, and it is a steel cantilever structure. 

Establish a complete Solid Works entity model and simplify 

the model according to actual working conditions to complete 

the transformation of the finite element model. The cantilever 

and insulator of the finite element model are simulated by 

spatial beam elements, and the cantilever support is simulated 

by linkelements. Figure 1 is the SolidWorks solid model of the 

cantilever structure system, and Figure 2 is the simplified 

finite element model of ANSYS. 

 

Figure 1. Solid modal for the cantilever structure system. 

 

Figure 2. Finite element modal for the cantilever structure system. 

In the actual working state, considering the additional load 

caused by the tension of the contact line, weight, wind load, 

ice and snow load, and anchoring, the static analysis of the 

cantilever structure system is done. 

Since this article aims to analyze the overall force of the 

wrist structure, in order to eliminate all local stresses that may 

be caused by modeling, the calculation results are more in line 

with the actual engineering, and the structural connections 

(bolts, positioning rings, etc.) are simplified as two-point 

coupling. Since the insulator structure is very easy to cause 

local stress during modeling, and its influence on the 

calculation results is minimal, it is simplified to a simple 

cylindrical structure, but its quality and size are consistent 

with the real situation. 

The BEAM188 beam element based on Timoshenko beam 

theory [4-8] is used for simulation. The cantilever structure 

system model in this paper can be simplified as a continuous 

beam with spatial elastic support. According to related 

literature, the finite element equation of continuous beam 

element can be derived. 

The nodal displacement function is: 
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Where iv ——Displacement at element node i. 

iθ ——Corner at element node i. 

jv ——Displacement at element node j. 

jθ ——Corner at element node j. 

l ——Distance between nodesi and j. 
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The relationship of element stress expressed by nodal 

displacement is: 

{ } [ ]{ }e
x xE E Bσ ε δ= =            (2) 

Where E is the elastic modulus of the material. 

The stiffness matrix [9] of the element expressed by the 

nodal displacement is: 

[ ] [ ] [ ][ ]
e T

V
K B D B dxdydz= ∫∫∫        (3) 

Considering that [ ]D  is a matrix related to the elastic 

modulus of the material, and the cross-sectional moment of 

inertia is 
2I y dydz= ∫∫ . The relationship between the nodal 

force and the nodal displacement acting on the element is 

established by the principle of virtual work, that is, the 

element stiffness equation is: 

{ } [ ] { }e e eF K δ=              (4) 

Where { }eF  is the element node force component array, 

from which [ ]eK  can be solved. 

In summary, the equation when calculating with the finite 

element method can be described as: 

[ ]{ } { }K Fδ =               (5) 

Where [ ]K  is the overall stiffness matrix of the structure, 

which is composed of the stiffness matrix of each element; 
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{ }δ  is the nodal displacement array; { }F  is the nodal load 

array. By bringing the actual displacement boundary 

conditions into equation (5), the node displacement of the 

element can be solved, and then the required stress and strain 

can be obtained through the relational expression established 

by the element characteristic analysis. 

This paper uses ANSYS finite element calculation software 

to analyze and calculate the strength and static stiffness of the 

model. The results are shown in Figure 3: 

 

Figure 3. Maximum stress for the cantilever structure system. 

 

Figure 4. Static stiffness for the cantilever structure system. 

It can be seen from the above figure that the maximum 

stress of the cantilever structure system appears at the 

connection between the flat cantilever and the cantilever 

support, and its value is 152.13MP. Due to the steel arm 

structure, the allowable stress of its material is 245MPa, which 

meets the design requirements. The maximum deflection 

occurs at the connection between the flat cantilever and the 

support, and its value is 16.665mm. The design specification 

requires that the deflection should not be greater than 0.7% of 

the length of the wrist arm, which also meets the design 

requirements. 

3. Structural Dynamic Model and 

Dynamic Characteristic Analysis 

The dynamic finite element equation of the structural 

system is [10, 11]: 

+ + =ɺɺ ɺMx Cx Kx F             (6) 

In the formula, M, C, K are the mass, damping and stiffness 

matrix of the structural system respectively, x、{ }xɺ 、{ }xɺɺ 、{ }F  
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are the displacement, velocity, acceleration and nodal load 

array of the structural system respectively. By solving this 

equation, the inherent characteristic parameters and dynamic 

response parameters of the vibration system can be obtained. 

In this paper, the finite element model of the cantilever 

structure system is taken as an example, and its modal analysis 

and harmonious response analysis are carried out by finite 

element method. 

When performing modal analysis, the structure is regarded 

as a free vibration system that is not affected by external 

forces, and since damping has little effect on the natural 

frequency [12, 13] and mode shape of the structure, the 

natural frequency and mode shape can be solved according to 

the undamped free vibration. The vibration equation is: 

[ ]{ } [ ]{ } {0}M x K x′′ + =           (7) 

If the free vibration of an elastic body is decomposed into 

the superposition of a series of simple harmonic vibrations, the 

solution of equation (7) can be set as: 

{ } { }sin( )x A pt φ= +              (8) 

In the formula, p  is the angular frequency, φ  is the initial 

phase angle, and { }A  is the non-zero amplitude array. By 

substituting formula (8) into formula (7), the formula for the 

natural frequency and mode shape of the structure can be 

solved: 

2([ ] [ ]){ } {0}K p M A− =             (9) 

The modal analysis [14] is done on this model, and get the 

first 10 natural frequencies of the system as shown in Table 1. 

The main vibration mode corresponding to the natural 

frequencies of the 1st, 4th, 5th, 7th, and 10th order is the 

horizontal vibration of the structure along the traveling 

direction of the train. The main vibration mode corresponding 

to the second natural frequency reflects the torsional vibration 

of the structure along the direction of the flat arm. The 3rd, 6th, 

8th, and 9th order main vibration modes reflect the vertical 

vibration of the structure on the vertical plane. Since the 

cantilever structure can be regarded as a simple truss system, 

its first 10 natural frequencies and vibration modes mainly 

depend on the torsional and bending stiffness of the cantilever. 

The modal analysis results are shown in Table 1: 

Table 1. The first ten natural frequencies of cantilever. 

Order/n Frequency/Hz 

1 5.47E-6 

2 6.739 

3 8.3672 

4 9.8963 

5 13.524 

6 32.114 

7 37.988 

8 54.184 

9 91.279 

10 101.99 

Use ANSYS software to analyze the harmonic response of 

the structure [15, 16], and find out the vibration frequency that 

has the greatest influence on the dynamic performance of the 

structure under the action of external loads (especially the 

moment when the pantograph passes, wind load and contact 

wire tension changes). Under the action of dynamic loads with 

different excitation frequencies, the maximum vertical 

displacement point of the cantilever system and the maximum 

peak value of the vertical displacement response of the anchor 

positioning clip appear in the third mode, as shown in Figure 6. 

Therefore, the third-order mode is most likely to cause 

resonance of the structure. For the natural frequency” f” of the 

vertical direction of the contact line under normal working 

conditions, the value is about 1 Hz. The natural frequency of 

the wrist structure in this case in the vertical direction is 

8.3672 Hz. It can be seen that it will not cause resonance of the 

overall wrist-arm structure system and meet the design 

requirements. 

 

Figure 5. Vertical displacement response of maximum vertical displacement point. 
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Figure 6. Vertical displacement response of holder for tube with out-of-running C. W clamp. 

4. Conclusion 

In this paper, the solid model and finite element model of 

the cantilever structure system are established according to the 

actual engineering. Through the analysis and calculation of 

the model, the static strength and static rigidity of the 

structural system were checked, and the dynamic analysis of 

the structural system under the external load was carried out. 

The natural frequency of the structure is determined through 

modal analysis and harmonic response analysis. From the 

above calculations, the static strength and static stiffness of the 

model established in this paper meet the requirements of use, 

and the resonance phenomenon that affects the overall 

reliability will not occur under the action of external loads 

(contact wire tension, pantograph, wind load, etc.). The actual 

situation is consistent, providing theoretical support for the 

actual engineering project. At the same time, through the 

analysis and calculation of this paper, the basic form of 

structural vibration can also be obtained, which has certain 

guiding significance for the study of anti-loosening of bolts 

and nuts. 
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