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Introduction 

 

The needs of the present railway system are to increase the 

speed of the trains and to reduce the energy consumption. In 

order to achieve this twin objective, the design engineers are 

contemplating lighter railway carbody structures. However, 

with the reduction in weight and less rigidity of the carbody 

shell of recent railway vehicles, the flexural (or elastic) 

vibration of the carbody in the vertical direction becomes a 

serious problem for the passenger ride comfort as it facilitates 

the structure-borne vibrations due to excitation from bogie 

frames and through other external disturbances. The problem 

becomes even more significant as human beings are more 

sensitive to flexural vibrations in the low frequency region. 

The flexural vibration modes occur in form of bending and 

twisting in the railway carbody shells among which the first 

bending mode has the largest influence on the passenger ride 

comfort.  

In this research, the focus has been on the bending vibration 

suppression of a simplified shell structure for railway carbody 

in the low frequency region. There are many methods 

available for the vibration suppression like active vibration 

control or passive vibration control. We have focused on the 

application of passive (or semi-active) methods employing 

piezoelectric elements and resonant external electric shunt 

circuits. The same has been selected because of the 

comparative simplicity of the control circuits, lesser energy 

requirement and greater reliability due to lack of stability 

issues as compared to the active control systems. 

In this research, we have used passive (or semi-active) 

damping using piezoelectric elements and series resonant -

LCR electrical shunt circuit. The concept is to tune the LCR 

shunt with the target mode (first bending mode) of the 

railway carbody shell such that resonance frequency of the 

electrical shunt matches with the that of the target mode. 

Under the optimally tuned conditions, the power factor of the 

shunt circuit becomes unity and the electrical energy tapped 

across the piezoelectric transducers can be dissipated across 

the electrical resistance in form of joule heat. This dissipation 

of energy can be maximized by using optimal value of the 

electrical resistance. Higher the dissipation across the 

electrical resistance would imply higher vibration suppression 

for the target mode. In this research, we have performed both 

analytical analysis as well as experimental analysis. The 

simulation work is done using ANSYS Mechanical 17.1. The 

analytical analysis involves FEM and coupled field analysis 

using which the natural frequencies and corresponding mode 

shapes are obtained and then vibration suppression of the first 

bending mode is maximized by finding optimal values of 

electrical parameters like inductance and resistance.  

Similarly, the experimental analysis is performed on the 

railway carbody in which an electrical shunt with optimal 

inductance and resistance is attached across the piezoelectric 

terminals and the results of vibration suppression are 

analyzed. 

 

 
Figure 1. Passive damping using resonant series LCR 

shunt[1] 

 

Thesis Outline 
 
The thesis is divided into six chapters. Chapter 1 deals with 

the introduction of the research work. Chapter 2 deals with 

the fundamentals of piezoelectricity, piezoelectric shunt 

damping, Finite Element Method, Coupled Field Analysis and 

the ANSYS Mechanical computation software. Chapter 3 

deals with the numerical modelling of the railway carbody 

structure, the piezoelectric elements configuration and the 

electrical shunt circuit. Chapter 4 deals with the results 

obtained by numerical analysis and the experimental analysis. 

The results so obtained are discussed. Chapter 5 deals with 

the conclusion and recommendations regarding the further 

research work. Chapter 6 deals with the references. 

 

 

Analytical method 
 
For simulation work, ANSYS Mechanical 17.1 computation 

software has been used. Firstly, the modelling of the railway 

carbody is done using the ANSYS DesignModeler software 

and then the meshing is done in the ANSYS Mechanical 

Workbench. The simulation model is based on an existing 

scaled model used for experimental analysis. After the 

modeling and meshing, the modal analysis is done to obtain 

the natural frequencies and the corresponding mode shapes of 

the railway carbody in the simply supported condition. Using 

the results of modal analysis, the optimization work is done. 

Optimization work includes the optimum number of 

piezoelectric elements, their placement along the floor plate 

of the railway carbody, finding the optimal values of 

inductance and resistance for the maximization of vibration 

suppression for the first bending mode. After the optimization  



using modal analysis results, Harmonic Analysis is performed 

on the railway carbody with piezoelectric elements attached 

along the floor plate. Harmonic Analysis is performed in two 

conditions, one in which the piezoelectric terminals are 

shorted or closed and in other condition in which the optimal 

shunt circuit is attached across the piezoelectric elements. The 

frequency responses of the displacement amplitude along the 

floor plate are obtained in the two conditions and the results 

are compared and the effect of shunt circuit on vibration 

suppression of the target mode is analyzed. 

The optimization work is done using a parameter called 

Generalized Electromechanical Coupling Coefficient, which 

is a measure of the electrical energy tapped/stored by the 

piezoelectric transducers from the supplied mechanical 

energy. Higher the value of this coefficient, better is the 

effectiveness of the piezoelectric transducers. 

 

Table 1. Physical and Material properties of 
railway carbody shell 
 

Parameter Shell Plate 

Width (mm) 194.5 194.5 

Height (mm) 165.5 -- 

Radius (Roof) (mm) 315 -- 

Length (mm) 1670 1670 

Thickness (mm) 0.8 0.8 

Young's Modulus (GPa) 200 200 

Poisson's ratio 0.3 0.3 

Density (kg/m3) 7800 7800 

 

 
Figure 2. Railway carbody model 

 

 

 
Figure 3. Meshed railway carbody  

 

 

 
Figure 4. Electrical shunt using CIRCU 94 elements 

 

 

 

Experimental Method 
 
In the experimental analysis, a scaled model of 1/12 size of a 

real railway carbody is used. Figure 5 shows the experimental 

layout used for the experimental analysis. The specification 

used for the experimental model are same as that of the 

simulation model. The piezoelectric elements are bonded 

along the carbody floor plate using epoxy resin in the same 

formation as used in the simulation work. For the shunt 

circuit, the required optimal value of inductance is very high 

in range of several henry which is difficult to obtain 

practically. Therefore, artificial gyrator circuit is used to 

provide necessary optimal inductance in the shunt circuit. The 

shunt circuit is optimally tuned with the help of LCR meter. 

 

 
Figure 5. Experimental Setup 

 

    
Figure 6. Piezoelectric elements     Figure 7. Artificial gyrator 

  connected along the floor plate       circuit for inductance 

 

 

Results and Discussion 
 
The focus of this research has been on the maximization of 

vibration suppression of the first bending mode. The vibration 

suppression results are obtained in form of frequency 

response curves for the displacement amplitude along the 

floor plate with and without the electrical shunt circuit. Apart 

from the vibration suppression of the first bending mode, 

results regarding the effect of inherent structural damping on 

effectiveness of passive damping using piezoelectric elements 

as well the voltage frequency plot with and without the 

electrical shunt are also obtained. Using the voltage frequency 

plot, the energy dissipation across the shunt circuit in form of 

joule heating is obtained. Moreover, the effect of passive 

damping using piezoelectric elements along the entire floor 

plate of the railway carbody is also seen. 

 

 
(c) First Bending Mode, 58.36 Hz 



 

 

 
(a) Second Bending Mode, 61 Hz 

 

 
(b) Third Bending Mode, 69.3 Hz 

 

Figure 8. Modal Analysis Results showing first three bending 

modes 

 

 

 
Figure 9. Frequency Response with and without the optimal 

shunt obtained using simulations, 4.5 dB 

 

 

 
Figure 10. Frequency Response with and without the optimal 

shunt obtained using experimental analysis, 3.5 dB 

 

 

Table 2. Vibration suppression for different 
damping constants 
 

Vibration Suppression for ζ=0 90% or 20 dB 

Vibration Suppression for ζ=0.005 75% or 12 dB 

Vibration Suppression for ζ=0.01 60% or 8 dB 

Vibration Suppression for ζ=0.02 45% or 4.5 dB 
 

 
Figure 11. Frequency Response with and without shunt circuit 

in the range of 1-100 Hz at the centre of the floor plate 

 

 
Figure 12. Voltage Frequency Plot with and without the 

optimal shunt 

 
 

Conclusion 
 
▪ Passive (or semi-active) damping using piezoelectric 

elements with optimal tuning and damping is an effective way 

to suppress the flexural vibration in the railway carbody 

structure. 

▪ Single mode resonant LCR based damping is effective for 

the target mode only. 

▪ Effectiveness of Passive damping using piezoelectric 

elements reduces with increase in inherent structural 

damping. 

▪ ANSYS is an effective simulation tool to perform 

Piezoelectric coupled field analysis. 
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