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Introduction 

 

Noise inside a railway carbody has always been a cause of 

discomfort to the passengers. This problem is becoming even 

more severe due weight saving measures to satisfy the 

demand of speed and energy. In the light of recent 

developments, it is observed that there is an increasing 

demand for light weight structures for railway carbody which 

should, at the same time, be able to reduce the impact of noise 

as much as possible. Noise reduction for better ride comfort is 

growing concern among the railway carbody designers and 

engineers; noise and vibration reduction is also important not 

only to decrease or mitigate the consequences of the 

exposure, but also to extend the equipment’s life time. Noise 

inside the railway is generated mainly due to structural 

vibrations produced by the rail-wheel interactions and 

aerodynamic fluctuations produced by the flow of air over the 

outer surface of the railway carbody.  The noise once 

generated transmits to the interior of the carbody through 

airborne path and structure-borne paths. The structure-borne 

transmission often dominant at low frequencies and airborne 

transmission dominates at high frequencies [1]. Structure-

borne noise has increased tremendously in high-speed 

railways because of elastic vibration of the carbody.  

     To reduce the vibration of a coach, a new structure (as 

shown in Figure. 1) that the inner shell hanged from the wall 

of the outer shell was proposed [2]. In the conventional 

railway carbody, the inner shell is rigidly connected with the 

out shell, whereas in the proposed railway carbody model the 

inner shell is suspended from the side structures. It is believed 

that the suspended arrangement will help in decoupling the 

dynamic behaviors of the outer and inner shell structures and 

will reduce the structure born noise transmission from outer 

shell to inner shell. The objective of this research is to 

analyze the effectiveness of the double shell suspended 

structure for the reduction of structure-born noise and 

vibration inside the carbody in low frequency domain. Further 

to investigate the effectiveness of various arrangements of 

intermediate clamps to suspend the inner shell.  
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Figure 1. Proposed coach model as compared to 

conventional coach model 

Thesis Outline  
 

The Thesis is divided in five chapters. Chapter 1 deals with 

the introduction of the research work. Chapter 2 deals with 

the vibro-acoustic modelling of fluid-structure system and its 

physical background. Physical laws and governing principles 

defining the acoustic-structure interaction are briefly 

explained. The mathematical equations governing the 

dynamic behaviour of the system and its discretization to 

derive governing Finite Element matrix are discussed. 

Chapter 3 deals with Numerical modelling and Experimental 

studies of the single shell carbody structure and double shell 

suspended carbody structure. Physical and mechanical 

properties of the structures are explained in this chapter. 

ANSYS, a computational software is used to perform the 

numerical simulation for the coupled vibro-acoustic analysis. 

Methodology used for the modelling and simulation 

procedure and discussed. Experimental setup is also discussed 

in this chapter. Chapter 4 deals with results and discussion of 

the numerical simulations and experimental studies of the 

single shell carbody and double shell carbody. The present 

research work aims to reduce the structure-born noise 

transmission inside railway carbody by decoupling the 

dynamic behaviour of outer shell and inner shell. It is 

believed that the reduction in vibration transmission from 

outer shell to inner shell can be achieved using intermediate 

clamp which does not connect the two shells directly but 

through a hanging arrangement. In this configuration, the 

intermediate clamps become major path for the structure-born 

noise and vibration transmission. The Effects of Intermediate 

clamp-plate height, number of Intermediate Clamps and 

Position of Intermediate Clamps on the reduction of structure-

born noise transmission are studied in the chapter. Chapter 5 

deals with the conclusion and recommendations of the 

research work. 

 

Analytical Method 
 

Two models for railway carbody are analysed in this research 

work. The first model is a Single shell carbody structure and 

the second model is a Double shell carbody structure where 

Single shell structure is hanged on the walls of the outer shell 

structure. Finite Element Method (FEM) is used to model 

fully coupled vibro-acoustic Single shell railway carbody and 

Double shell suspended railway carbody structures to analyze 

the vibro-acoustic characteristics of these structures. 

Uncoupled structural resonance frequencies and modal shapes 

of the single shell railway carbody and double shell 

suspended model railway carbody are analyzed without 

considering air cavity to understand the dynamic behavior of   



these structures. Uncoupled natural frequency of enclosure 

(cavity) is also analyzed to understand the natural tendency of 

sound variation characteristic of these structures inside the 

cavity. Further, fully coupled vibro-acoustic analysis of single 

shell and double shell carbody are carried out for the sound 

pressure level inside the cavity due to the excitation force on 

the panel of the outer shell and evaluation of the natural 

frequency of the coupled structural-acoustical system. FE 

numerical analysis is performed on computation platform 

ANSYS 17.1 to simulate the vibro-acoustic behavior of the 

structure. The frequency range of interest for the dynamic 

analysis is 0-400Hz.  

 

Experimental Method  

 

A 1/12 size carbody model was used for experimental studies 

to validate the simulation results. Figure 2 shows the 

experimental layout used for the experimental investigation. 

The detailed specification of the experimental model is the 

same as used for the numerical simulation. 

 

 
 

Figure 2. Experiment Layout 

 

 
Results and Discussion 
  

Figure 3 shows the first 21 resonance frequencies of the 

single shell and double shell structure as evaluated through 

simulation and experimental measurement.  It is observed that 

there are 11 and 20 natural frequencies below 150Hz in case 

of single shell structure and double shell structure 

respectively. Simulation and Experiment results of structural 

frequency response of the fully-coupled single shell and 

double shell structures measured at floor plate are shown in 

Figure 4. Figure 5 shows the acoustic frequency response of 

the fully-coupled single shell structure measured inside the 

cavity. There is good agreement between experiment and 
simulation results at frequency below 150Hz. However, at 

high frequencies experiment results show many resonance 

frequencies which are absent in the simulation results. This is 

due to the reason that the quarter symmetry body assumption 

as made in the vibro-acoustic analysis of fully coupled 

structure is able to measure most of the low frequency modes 

as these modes are symmetric about the center axis of the 

carbody model. Whereas, at high frequency, the mode shapes 

remain no more symmetric and take complex shapes hence 

the symmetric body assumption is unable to evaluate these 

modes.   

 
Figure 3. Frequency content of single and double shell  
 

 

  

Figure 4. Structural Frequency Response of Floor Plate 

 

 

  
Figure 5. Acoustic Frequency Response inside the cavity  

 
Conclusion 
 
• The simulation and experiment results are in good 

agreement for the frequency below 150 Hz.  

• It is observed that the double shell carbody model is 

effective in the reduction of structure born noise transmission. 

• It is observed that the noise characteristics inside the 

carbody cavity is predominantly depends on the vibration 

characteristics of the structure getting primary excitation. The 

acoustic coupled field of the single shell structure and double 

shell structure are dominated by the structural modes of the 

floor plate unit and roof cum side wall unit respectively.  

• The double shell suspended model is effective in reducing 

the noise transmission due to the reason that the location of 

maximum deformation mostly occurs on the floor plate unit 

for the low frequencies. However, at high frequencies the 

location of maximum deformations occurs on the roof cum 

side wall unit for which the double shell suspended model 

may not be effective. 

• Acoustic modes of the cavity contribute relatively small in 

the coupled acoustic field inside the cavity.  
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