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Abstract 

The main research direction of this topic is the vibration analysis of a simply supported 
beam by ANSYS. Using the vibration measurement software of the spectrum analyzer 
machine, the vibration signals generated by the exciter when it is actually excited on a 
simply supported beam are measured, using ME’scopeVES software, the corresponding 
frequencies of the first five modal machines are also analyzed to understand the 
phenomenon of the same vibration, and compared with the data from ANSYS. According 
to the above research steps and methods, the frequency response function, correlation 
function and modal parameters of various simply supported beam structures can be 
obtained, and the vibration control method can be designed to make the working 
frequency of various simply supported beam structures fall out of the resonance 
frequency of the related parts, so as to avoid the large amplitude of simply supported 
beam structures, even beyond the allowable stress or strain range of the products. 
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1. Introduction 

Modal Analysis[1] is the process of obtaining the dynamic characteristics of a structure, which are 

expressed in terms of the mathematical mode of Modes, and the main physical meaning of Modes is 

expressed in terms of modal parameters, the modal parameters include natural frequency, damping 

and mode shape. Each mode has its corresponding natural frequency, because modal analysis is the 

basis of analyzing harmonic external force and transient external force, it is to calculate the natural 

frequency and mode shape of structure in free state. For a continuous structure, there is a theoretical 

frequency corresponding to the mode which is considered because the mode shape is more easily 

excited than the previous one[2], however, higher modes need more energy because of their complex 

mode shapes. The importance of natural frequencies lies in the possibility of resonance if the natural 

frequency of a fixed source of excitation, such as the fixed speed of a motor, approaches the natural 

frequency of its structure. The environment of resonance may cause abnormal vibration and great 

damage to the structure. Therefore, engineers in the design is to determine the natural frequency of 

the structure can not be close to the natural frequency of the mechanical excitation source to easily 

avoid this problem. The main equations of Modal Analysis Are Theoretical Modal Analysis 

(theoretical mathematical model, finite element method) and experimental modal analysis 

(Experimental Mathematical Model, Modal Test)[3]. 

2. Theoretical analysis 

Taking into account the lateral vibration of a beam on an X-Y plane as shown in figure 1, an X-Y is 

assumed to be a symmetric plane of any cross section, where y represents the lateral movement of a 
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small section of the beam, and the distance from this section to the left end point is defined as X, fig. 

2 is a free-body Diagram of a length of dx element subjected to inertial and internal forces. 

 

 

Figure 1. Lateral vibration of crossbeam 

 

 

Figure 2. Free-body Diagram of element of length dx beam subjected to inertia force and internal 

force 

 

When the beam is subjected to lateral vibration, the equilibrium Equation of state of the Shear in the 

y direction is: 

V − V −
∂V

∂x
dx − ρAdx

∂2y

∂t2
= 0                         (1) 

Because 
∂V

∂x
(dx)2 ≈ 0                               (2) 

The following equations are known in the basic bending moment principle 

M = EI
𝜕2𝑦

𝜕𝑥2
                                (3) 

Then the equation (1) can be reduced to 

∂2

∂x2
(EI

∂2y

∂x2
) dx = −ρAdx

∂2y

∂t2
                          (4) 

The above is a general equation for lateral free vibration of a beam, considering a special case, if EI 

does not vary with x, the upper equation for a uniform cantilever beam of length l according to the 

assumption of traditional beam theory, the free vibration equation of the beam is obtained without 

considering the rotation inertia and shear deformation of the beam and the  damping effect. If the 

beam is affected by an external force, the equation for the forced vibration of the beam can be written 

as: 

EI
𝜕4𝑦

𝜕𝑥4
𝑑𝑥 + 𝜌𝐴𝑑𝑥

𝜕2𝑦

𝜕𝑡2
= 𝑞(𝑥, 𝑡)                         (5) 

The boundary condition of simply supported beam: The displacement and slope of cantilever beam 

are zero at one end, and the displacement and bending moment of cantilever beam are zero[6-8]. 
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The natural frequency of the free vibration is: 

fi =
(kiL)

2

2π
√

EI

ρAL4
                                (6) 

 

Table 1. Theoretical values for the first five modes 

𝑘1𝐿 𝑘2𝐿 𝑘3𝐿 𝑘4𝐿 𝑘5𝐿 
3.927 7.069 10.210 13.352 16.493 

 

3. Theoretical and experimental value 

Calculate the theoretical value of each data of the beam. 

Moment of inertia I: 

I =
𝑏ℎ3

12
                                   (7) 

Quality: 

m = ρbhL                                  (8) 

 

Table 2. Beam dimension data values 

 Beam 

b(mm) 12 

h(mm) 2 

L(mm) 300 

Volume(𝑚𝑚3) 7200 

Quality 56.16 

E(Gpa) 120 

I(𝑚𝑚4) 2 

ρ(
g

𝑚𝑚3
) 7.80E-006 

 

And plug these number into the formula (6): 

 

Table 3. Theoretical values of natural frequencies 

Mode Beam theoretical value(Hz) 

1 30.878 

2 100.057 

3 208.729 

4 356.963 

5 544.665 

4. Finite element numerical analysis 

The first five modes and their corresponding natural frequencies are analyzed by Free Vibration 

analysis of a simply supported beam with ANSYS software. Furthermore, the displacement variation 

of a simply supported beam subjected to Forced Vibration by a group of harmonic external forces is 

simulated. 

According to the procedure, the modal analysis of simply supported beam is carried out by ANSYS. 
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Figure 3. First Order Pattern 

 

Figure 4. Second order pattern 

 

Figure 5. Third order pattern 
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Figure 6. Fourth order pattern 

 

Figure 7. Fifth order pattern 

5. Conclusion 

According to the ANSYS modal analysis can get the corresponding frequency value. 

 

Table 4. Comparison of theoretical and experimental values 

Model Theoretical value(Hz) Ansys value(Hz) Error(%) 

1 30.878 31.020 0.460 

2 100.057 101.580 1.522 

3 208.729 215.44 3.215 

4 356.963 376.82 5.563 

5 544.665 536.66 1.470 

 

It can be seen from table 4 that all the errors are within the allowable range, so the resonance 

frequency of this kind of simply supported beam can be verified. 
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