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Abstract 

This paper presents the results of simulations and experimental tests carried out on a simple 

two dimensional thin structure. The study shows good agreement between the results 

obtained with the NX/Simcenter simulation package and experimental measurements. The 

response dynamics solver can be used to evaluate the flexural vibration of flexible structures. 

The results then can be used to design and implement dedicated passive or active noise and 

vibration control system. The quick evaluation can improve the performance of such a system, 

reduce the required time to market and man-hour costs.  

 

Introduction  

The trend of mass reduction in modern structures is vastly followed by higher vibration and 

structure-born noise problem. Moreover, the cut costs requires that the acoustic materials 

would be used in specific areas rather than on the entire structure. The finite element method 

(FEM) techniques can be a good alternative method for the prediction of the vibration 

properties. The simulation methods can predict the properties before the production process, 

but what is more important they can be used to evaluate the structure after being fabricated 

for the proper application of the noise and vibration solutions. After the fabrication process 

the structure can be easily tested using operating deflection shape (ODS) or laser vibrometer 

[1]. However, it requires preparation of the complex test setups, equipment and large man 

hour. This paper presents a comparison of simulations and measurements performed on a thin 

rectangular structure for the noise and vibration control. 

 

Setup 

Figure 1 presents a scheme of the laser vibrometer test setup for the natural frequency and 

mode shapes of the clamped plate, while Table 1 presents mechanical parameters. 

 
Figure 1. Scheme of the classical test setup for the laser vibrometer measurement for the 

rectangular plate measurement. 



Table 1. Geometrical and physical properties of the rectangular plate. 

Parameter Value 

Length 𝑙 = 668 [mm] 

Width 𝑙 = 444 [mm] 

Thickness ℎ = 1.35  [mm] 

Mass density 𝜌 = 7829 [kgm−3] 

Elastic modulus 𝐸 = 207 × 109 [Nm−2] 

Poisson ratio 𝜈 = 0.29  

Modal damping 𝜁 = 0.5 [%] 

Shaker excitation position  (𝑥, 𝑦) = (0.433𝑚, 0.157 𝑚) 

 

The experimental test rig can be represented by a mathematical model of a clamped 

rectangular plate structure. The mode shapes of the plate are given by [2-4]: 
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where 𝑙𝑥, 𝑙𝑦, are the dimensions, ℎ thickness of the plate and 𝑖1, 𝑖2 are the modal indices 

for the i-th mode. The x and y dimensions can be associated with the nodes position 

of the mesh. The flexural natural frequency for the clamped rectangular plate is given by: 

ωi = (
𝐸ℎ2

[12(1−𝜈2)]𝜌
)

1

2
(

𝜋

𝑙𝑥
)

2
 √𝐺𝑥𝑖

4 + 𝐺𝑥𝑖
4 (

𝑙𝑥

𝑙𝑦
)

4

+ 2 (
𝑙𝑥

𝑙𝑦
)

2

[𝜈𝐻𝑥𝑖𝐻𝑦𝑖 + (1 − 𝜈)𝑗𝑥𝑖𝐽𝑦𝑖𝐽𝑥
2 ] , (2) 

where 𝜌 is the density, 𝐸 is Young’s modulus and 𝜈 Poisson ratio of the plate material. 

Detailed mathematical description of the plate mobility and impedance formulations can be 

found in references [5,6]. 

The global parameter considered in this study is the averaged total flexural kinetic energy 

(KE), which for the time harmonic vibrations is given by: 
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where �̇� is the transverse velocity of the plate and A is the surface area. In the simulations 

study, the kinetic energy parameter can be evaluated based on the transverse velocity �̇� of 

sampled nodes that are evenly distributed on the structure. The kinetic energy parameter 

is typically used to evaluate the global performance of the structure borne noise or vibration 

damping solution, whereas the frequency response functions provide information about local 

performance [7]. 

 

Results 

Table 2 presents the comparison of the measurement and simulation results for the first six 

natural frequencies and representative mode shapes of the rectangular plate. The measured 

modal shapes and natural frequencies agree well with simulated results.  



Table 2. Comparison of the measurement and simulation results for the rectangular plate. 

Measurements Simulation 

 
ω1 = 45 Hz 

 
ω1 = 45.848 Hz 

 
ω2 = 70 Hz 

 
ω2 = 70.772 Hz 

 
ω3 = 110 Hz 

 
ω3 = 112.755 Hz 

 
ω4 = 113 Hz 

 
ω4 = 113.066 Hz 

 
ω5 = 136 Hz 

 
ω5 = 136.229 Hz 

 
ω6 = 171 Hz 

 
ω6 = 171.956 Hz 



Figure 2 and 3 presents the simulation and measurement frequency response functions 

of the plain plate for the collocated points, while Figure 4 and 5 presents for the non-collocated 

points. It can be noticed a very good agreement between the simulation and measurement 

results. The non-collocated clearly show the lack of the antiresonance thoughts and phase drop 

over the -180°. The non-collocated point was selected for the potential location of the noise and 

vibration damping solution. 

 

 
Figure 2. Simulated frequency response function of the rectangular plate for the collocated point. 

 

 
Figure 3. Measured frequency response function of the rectangular plate for the collocated point. 

 

  
 

  
 

  
 

    

   

   

   

   

 

 
 
  
 
  
  
  
  
 
  
  

  
  
 
 

  
 

  
 

  
 

                 

    

    

 

   

   

 
 
 
 
 



 
Figure 4. Simulated frequency response function of the rectangular plate for the non-collocated 

point. 

 

 
Figure 5. Measured frequency response function of the rectangular plate for the non-collocated 

point. 

 

Results in Figure 2 and 3 can be used to evaluate the proper location of the sensor-actuator 

pair used in the active noise and vibration control. The non-collocated position will not 

guarantee proper stability e.g. of the velocity feedback control system. Quick simulation study 

using the response dynamics package in NX/Simcenter can be used to evaluate the location 

of the sensor-actuator pair and thus the stability of the feedback control loops.  

  
 

  
 

  
 

    

   

   

   

   

 

 
 
  
 
  
  
  
  
 
  
  

  
  
 
 

  
 

  
 

  
 

                 

    

    

 

   

   

 
 
 
 
 



Figure 5 presents measured (blue line) and simulated (red line) spectra of the kinetic energy 

per unit force excitation for the plane rectangular plate. The experimental results were based 

on 187 evenly distributed measurement points, while the simulation results were based on 90 

calculated in NX/Simcenter velocity/force FRF. Although, the numerical results were based on 

a much lower number of reference points the obtained results agree well with the experimental 

results. What is more important to notice is the good overlapping of the resonances  

at the entire frequency range (10-1000 Hz) considered in this study. The slight difference in the 

amplitudes and additional modes obtained at higher frequencies could be caused by the 

nonlinearities in a damping factor of the plate and structure designed for clamping the plate.  

 

 
Figure 6. Experimental (blue line) and simulated (red line) results of the kinetic energy. 

 

 

Conclusions 

In this paper the numerical and experimental methods were presented on the global and local 

noise and vibration prediction of the simple plane rectangular structure. The results show 

good agreement between the simulation and experimental results both for local and global 

dynamic response parameters. The NX/Simcenter simulation package can be easily used to 

predict and evaluate the dynamic characteristics. The dynamic response simulations can be 

used to design a dedicated damping solution for the structure born noise and vibration 

problems. The NX/Simcenter simulation can be more time and cost efficient compared to the 

laser vibrometer or ODS measurements. Although the presented results were obtained 

 for a rather simple structure, one can clearly notice that the NX/Simcenter can be a powerful 

tool for performing simulation studies of more complex structures.  
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