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Abstract: Noise and vibration problems associated with complex mechanical structures can be well addressed as a priority, so that 

appropriate treatment of such structure has taken place in this work. In the present work, the use of viscoelastic materials has 

proposed as a strategy intended for passive vibration control. For vibrating structures, damping treatment is attempted for 

investigating the effect of damping on structural response with the help of simulations using CAE software. This analysis helped 

us to achieve the prediction of the dynamic behavior of complex structural systems featuring viscoelastic damping with the 

assistance of sophisticated prediction tools, followed by validation of actually preforming Numerical analysis on fabricated 

structure. The dependence of stiffness and damping properties on frequency and temperature has examined. Modal and Harmonic 

analysis techniques is employed for simulating the response of viscoelastic structures using finite element method. Finally, it is 

attempted to establish the relationship between various significant dynamic parameters to control noise and vibrations of such 

structures. 
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I. INTRODUCTION 

Structural dynamics, which includes the behavior of the physical structure subjected to the dynamic loading like Weight of the 

structure and other dynamic condition in physical domain such as wind, weight of the people, earthquake, accidents   and blast.   The 

recognition of human body varies from person to person, if one person finds that particular Dynamic conditions are bad for the proper 

working of machine, any other person may find it useful. Some vibration is beyond the range of human identifying ability. Thus 

many new technologies came into existence to measure and analyze the same. So, vibration is the to and fro movement of machine 

or its components and molecular of that component. These vibrations may sometimes be designed for some purpose or in some other 

cases damages the machine. The excitation frequency cannot be controlled of a system because of functional requirements so we 

must concentrate on studying of control of the natural frequencies[1]. 

If system undergoes forced vibration, its response or amplitude tends to become larger near the resonance, if there is no damping. 

The presence of damping always limits the amplitude of the vibration. In some mechanical system it is not possible to alter the mass 

(m) and stiffness (k) of the system so as to change the natural frequency also so a proper damping material should be introduced to 

control the response[2]. 

In present study Software analysis of automotive CAD Structure has been carried out which contains the Modal analysis at free 

condition and manipulating modes shapes and natural Frequencies and Exciting the structure using harmonic excitation in ANSYS 

workbench. 

 

1.1 Problem Definition 

  

Automotive structure is often subjected to the dynamic excitation by means of the force coming from the engine, transmission, 

power unit and AC panels, which is undesirable for the comfort of passengers and reliability of the structure. So that it is a great 

significance to reduce vibration and noise in the selected structure for the quality performance. For the numerical analysis, automobile 

structure is modeled in a CAD software and dynamic analysis is performed in order to know the maximum response at which that 

structure can vibrate. Which directly leads to the inclination for using damping mechanism at noticeable location. So that viscoelastic 

material is employed for limiting the response and that operation is performed, and final data is compared weather it is giving 

appropriate results for future reference of such a type of study. 

II. LITERATURE REVIEW  

This chapter represents review of research Article and papers in the background of Operational modal analysis and modal 

parameter estimation theory, and also gives overview of several software analysis methods and Extraction of modal parameters.  

 

2.1 Operational Modal Analysis(OMA) 

 

When we consider any automobile structure or aircraft structure in running condition or operating condition of its own, and any 

hazardous situation like unbalancing of an engine, blade out in the aircraft or cam forces are imparted on to the frame or structure of 

a car then it starts vibrating on its natural frequencies as well as different amplitude[3] . When any unbalancing occurs in the engine 

or transmission panel, due to which the eccentricity in the load is created and which excites the structure dynamically, and we want 

to know the behavior of the system and how to avoid this. When any structure is subjected under excitation or shaking at different 

frequencies and because of that there is different shapes of the vibrations and due to which designer are now-a-days working on the 

modal testing of the structure [4].  

Modal analysis is done by testing the real life structure in physical domain by putting vibration measuring instrument, sensors on 

to the structure and measurement of modal parameters of very big structure requires lot of information, instruments, passions and 

experience. A shaker is attached with the structure and it excites the structure at different modal frequencies [5].     
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Knowledge of single degree of freedom system can helps us to predict the and idealized the capabilities of multi degree of freedom 

system if it is linear. rigid body has got several molecular masses and somewhere it has got the center of mass and all the excitation 

forces going to excites the center of mass. 

Modal testing is the branch of vibration testing of an object whereby the natural (modal) frequencies, eigenvalue analysis modal 

masses, modal damping ratios and mode shapes of the object under test are determined [6]. 

A modal test consists of an acquisition phase and an analysis phase. The complete process is often referred to as a Modal Analysis 

or OMA. There are several ways to do modal testing but impact hammer testing and electrodynamics shaker (vibration tester) testing 

are commonplaces. In both cases energy is supplied to the system with a known frequency content. But for this analysis we shall be 

considering our structure to be tested in operated condition. 

 

2.2 Finite Element Analysis (FEA) 

 

Finite element methods (FEM) are most frequently used as mathematical simulations to study mechanical structures, machining 

process (with wide range of parameters: tool geometry, materials, cutting conditions) and to derive a computational models predicting 

deformations. In many cases, the FEM simulations have also been validated by comparison with results of experimental 

investigations. Using FEM, structural models with very high levels of complexity and accuracy can be derived [7]. 

By using CAD/CAE technologies and with the use of the strong modeling tool as FEM, prediction of the behavior of the structure 

can be examined. 

In mechanical structures, due to complexity of body structure, the small structure features such as very small hole, fillet and 

chamfer that have minor effects can be neglected. In addition, welding parts, effect of key slots was neglected too. In case of gear, 

interference fits were considered as rigid connection.so in automotive structure as far as the dynamic response of the structure is 

concerned, very complex and complicated slots, fillet is not considered but, we have tried so much to get the CAD model of 

automotive structure as real structure[8]. 

 

2.3 Viscoelastic Damping  

 

Damping is also a modal property, each mode having a certain value of damping associated with it. That is, the motion comprised 

of heavily damped modes will decay out more quickly than that part comprised of more lightly damped modes [9]. The “width” of 

the modal peak for each mode should also be the same in each measurement, again indicating the global nature of modal damping. 

There are 3 types of damping in the structure itself as modal property is 1. Internal damping 2. Material Damping 3. fluid damping 

[10]. 

For Reduction in Amplitude and Vibration of selected structure viscoelastic material is proper for the reduction in noise and 

vibration ,The Viscoelastic material has larger value of the loss factor and provide internal damping up to the large extent when 

viscoelastic material is used for the damping it is subjected to the direct strain so that material which should provide resistance to 

shear and also include the elasticity to reduce the stiffness of the structure\re viscoelastic material is suitable for the passive damping 

and vibration control. 

 

 
Fig 2.1: Example of a viscoelastic damping pad used in the automotive industry[8]. 

 

Surface damping materials are very effective at reducing structure borne noise. Passive damping materials have been used since 

the early 1960s in the aerospace industry. Over the years, advances in material manufacturing and the development of more efficient 

analytical and experimental tools to characterize complex dynamic behavior enabled to expand the usage of these materials to the 

automotive industry. Nowadays, multiple viscoelastic damping pads (as shown in Figure 2.1) are usually attached to the body in order 

to attenuate higher order structural panel modes that significantly contribute to the overall noise level inside the cabin.[8] 

 

 

 

 

 

 

 

2.4 Objectives 

 

The main objectives of present work are: 

 

 To determine dynamic response of the vibrating automotive structure for the random excitation.  

 To Identify critical parameter responsible for the dynamic behavior and locations of dynamic significance through simulations.  

 To verify simulation prediction and to validate selected structure. 
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III. CAD MODEL DEVELOPMENT  

Development of car body frame and floor panel has designed using very Effective Computer Aided Design (CAD) tool software 

NX Unigraphics by considering the Chassis Body as SOLID element and Floor panel is designed considering SHEET METAL 

element. 

 

 

 
 

Fig 3.1: 3D Render Image of an Automotive Structure. 

 

Above Figure 3.1 Shows the Shaded Exterior view of the car Chassis body and floor panel generated using NX in which the 

chassis body is developed in MODELING part whereas the floor pan BEAD, DRAWN CUTOUT, SOLID PUNCH is generated in 

SHEET METAL operations. 

The bead, punch, dimple in sheet does not affect the modal and dynamic parameter thoroughly so that in drafting sheet, its detail 

dimension is not considered but its overall Dimensions are considered so as to proper performance of the analysis ca be take places. 

Table 3.1 Vehicle Prototype Overall Dimensions 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Vehicle Description  Dimensions  

Wheel base  1690 mm 

Front Overhang  500 mm 

Rear Overhang 200 mm 

Vehicle Length 2300 mm 

Vehicle Width  1680 mm 

Wheel Diameter(not for analysis) 400 mm 

Vehicle Height 1480 mm 

Back Angle 25 degree  

Slope angle  28 degree 
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Fig 3.2: Detail View of car Floor and Chassis body. 

 

 

 
 

 Fig 3.3 Rear View of car Floor and Chassis body. 

 

IV. RESULTS AND DISCUSSIONS  

4.1 Numerical Simulation Analysis  

 

Numerical data are generated in CAD/CAE software using modal analysis to predict the dynamic behavior of the structure for 

given loading condition therefore, proper location should be identified in order to get the control over frequency and amplitude. For 

reduction in the vibration of the body, viscoelastic material is to be selected. hence, it provides the high amount of damping for the 

structure and becomes the part of material damping so that quite reduction in the dynamic has exaamined.and thus this simulated 

mode shapes helped us to predict the location in the CAD model where we can patch the viscoelastic material at that location or 

different locations if needed.so this can help us to identify the proper location where Frequency and amplitude are highly changing 

its behavior and only that location should be patched using viscoelastic material and frequency and mode shapes are further examined 

for patched CAD model.  
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For simplicity the modal analysis is carried out for 3D model without considering the engine transmission system and suspension 

system. In Figure 4.2 and Figure 4.3 the mode shapes are shown for the model in free-free condition and also without inclusion of 

any viscoelastic patch material. 

Finite Element Analysis(FEA) model is shown in Figure 4.1.  

 

 
 

4.1 FEM Model of Automotive structure 

 

Mesh Details 

 

Type: Tetrahedron Mesh 

Mesh algorithm: Patch conforming method  

Element size: Default 

Inflation option: Smooth Transition  

Transition ratio:0.272 

Maximum Layers: 5 

      Minimum Edge Length :0.003444 mm 

      Transition Ratio:0.272 

      Nodes: 64138 

      Element:32976 

 

Finite element analysis has been carried out in ansys workbench module and due to the complexity of the object and connection, 

the dimensions are reduced and scaled according to the modal analysis requirement to obtain an actual model that, in some scaled 

sense, represents the structural dynamics behavior of the original system. a number of different design aspects have to be taken into 

account. Since 3D CAD model should be much smaller than the real structure the Eigen frequencies will increase significantly. This 

doesn’t pose a problem in the numerical and experimental investigation of ride quality when at the same time the frequency content 

of the excitation is adjusted[11]. Because the patched model is also analyzed on to the same scale. 

 

 

 

 

 

 

 

 

 

4.2 Modes Shape for free Condition  

 

 

                                       Fig 4.2 4th Mode Shape in Free condition.                                       Fig 4.3 5th Mode Shape in Free condition. 
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Fig 4.4 6th Mode Shape in Free condition. 

 
 

 

Fig 4.5 7th Mode Shape in Free condition 

 

4.3 Identification of location for viscoelastic patch. 

 

Understating of the dynamic behavior of the structure and identifying the proper location of the patch attachment of viscoelastic 

material in modal analysis without patch material, and then again the modal analysis has been carried out using viscoelastic patch at 

different location has been done using ANSYS workbench.  

Free-layer damping treatment is one of the simplest designs for material application, Figure. 4.6. In this approach, the material is 

attached to the surface using a bonding agent or the structure may be placed into a heater where the material melts over the structure. 

In this configuration the energy is dissipated when the base structure is under a flexural stress and the viscoelastic material deforms 

in extension and compression in planes parallel to the base, Figure. 4.6 [3]. 

 

 
 

 

Fig 4.6 Damping material applied on structure[12]. 

This modal analysis aims to describe the study developed in the body of the vehicle structure, which consisted inherent the performance of 

structural damping present (with application of Polymer pads) and a mapping of inertance levels of the whole body, Figure. 4.6, to carry out a 

Software analysis optimization procedure of the application areas of the new material damping spray. 

Objective here is to validate the methodology used in the identification of areas for application of damping material, a modal analysis of a 

scaled structure was carried out to perform a comparison of the regions of highest amplitude of vibration between, the modal form obtained from 

software modal analysis.  
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Fig.4.7 Frequency vs Amplitude without patch. 

 

Figure 4.7 shows the measured and analyzed spectra for Modal analysis results obtained for the scaled structure. The first and 

therefore the interesting Eigen modes for the patch attachment for car floor area lie all within a frequency range from 150 Hz to 200 

Hz for current configurations. This configuration shows a clean spectrum with distinct but dense lying peaks representing the Eigen 

frequencies. For the floor configuration the spectrum plot shows many peaks within the whole our interest of frequency range. This 

is mainly caused by the great influence of the Dynamic excitation on the floor sheet metal vibrations. These floor vibrations occur 

regardless to the additionally placed beams along the whole length of the car model and does not include the general data for the 

automotive structure in physical domain but data which can helps us to predict the affected location. 

 

When evaluating results, it was obtained that the application of damping material that already exists is in a position which 

maximizes the vibration control, it is observed that damping is applied in that region because these areas are identified as regions of 

lower Frequencies but of maximum deformation. This becomes clearer when we analyze Figure.4.8 that illustrates one of the modes 

of vibration of the structure where we can locate the viscoelastic material and this Figures illustrates the current position without 

viscoelastic treatment (polymer pad). 

 

It is obtained that first 6 mode shapes are rigid body mode and so that, the most vibrating or noisy mode shapes are identified at 

appropriate frequency range and high amplitude locations are defined for the damping treatment as far as design iterations are 

concerned. This was done in the earlier design stage so that, whenever new analysis of the structure with different dimensions and 

shapes are considered, one can do the same operation carried out here and can identify the location before going through the actual 

experimental analysis. 

 

It is known that curvature affects the bending stiffness of a plate. However, how to vary curvature such that multi-disciplinary 

optimization goals can be reached necessitates the use of more than a single variable for curvature[13].so that in sheet metal modeling 

operation a small curvature effect can change the mode shapes and frequency range for the current analysis. Thus this analysis and 

results ca help to identify that how anyone can improve the dynamic design parameter in earlier design stage before going through 

the actual modal analysis by virtually performing this analysis or FEA analysis techniques.   

 

Now onwards the mode shapes which lies in the range of the frequency between 150 to 200 Hz for this prototype like structure 

of a car.  
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                                                        (a)                                                                                            (b) 

  

 
 

                                                       (c)                                                                                            (d) 

 

 
 

 

                                                     (e)                                                                                            (f) 

 

 

Fig.4.8 Mode shapes for frequency range 150-200Hz (a)154.83 Hz (b)164.63 Hz (c) 165.24 Hz (d) 177.95 Hz (e) 197.59 Hz  

(f) 200 Hz 

Above all modes shapes shown in Figure 4.8 are of our interests as it lies in the frequency range which has analyzed to particularly 

locate the Viscoelastic material. it is desired to validate the methodology used in the identification of areas for application of damping 

material, a modal analysis of a prototype was carried out to perform a comparison of the regions of highest amplitude of vibration 

Considering it in frequency domain and attaching viscoelastic material at that particular locations only.so that amplitude of the 

vibrations may be reduced without wasting the whole area of viscoelastic patch.  

From current modal analysis it is predicted that the vibrations excitation coming into the panels of body structure or in more 

appropriate words vibration energy coming into the structure during the operating conditions is affecting the floor panel more than 

any other region of the structure. so it is required here to locate the patch material on the floor panel of the structure. for future 

references it is observed that vibration and acoustic of the sheet metal panel is only due to the road uneven profile so random analysis 

can clearly give the picture about how our structure will behave due to uneven road profiles excitation. Which will be done and 

analyzed in future.  

 

 

 

 

 

4.4 Modal analysis with viscoelastic patch. 

 

Viscoelastic Material Details[14]: 

Co-efficient of thermal Expansion: 6 ×10-4 K-1. 

Young’s Modulus: 1650 MPa 

Poisson’s Ratio :0.45 
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Fig 4.9 3 Location of Patch in Automotive Floor 

 

 

 
 

Fig 4.10 FE Model of 3 Location of Patch in Automotive Floor 

 

As shown in Figure 4.9 the viscoelastic material is located at some of the areas to see that how it again behaves under dynamic 

condition and to check whether it is the proper location if it gives optimized results and if not, then another location of patch should 

be identified and modal analysis has been carried accordingly. Figure 4.10 is the FEM model after attaching the viscoelastic material 

at different locations.  

 

In above Figure 4.9 viscoelastic patch is located at 3 different locations, at 3 different areas by considering the locations of most 

vibrating modes so that vibration energy or amplitude of the vibration can be eliminated in optimum condition without wasting the 

material while going for the actual Operational Modal Analysis. For FRF analysis the structure body is excited at required 

acceleration, force input and boundary condition of structure.  

 

 

 

Table 4.1 Comparison of frequency for 3 Location Patches 

 

Mode no. Frequency without patch (Hz) Frequency with patch (Hz) 

1 14.402 14.425 

2 18.045 21.875 

3 29.872 32.433 

4 56.518 58.149 

5 70.34 72.679 
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6 89.14 89.397 

7 102.67 103.48 

8 111.47 111.56 

9 118.2 120.25 

10 127.19 128.2 

11 130.52 131.31 

12 138.16 141.05 

13 146.99 147.53 

14 150.49 151.08 

15 155.25 156.57 

16 164.6 165.02 

17 165.88 166.98 

18 181.39 186.71 

19 193.49 196.88 

20 200.09 202.62 

21 203.99 205.12 

22 210.91 214.11 

 

 

 

 
 

Fig.4.11 FRF Without patch 

 

 

 

 
 

        Fig 4.12 4 Location of Patch in Automotive Floor                       Fig 4.13 5 Location of Patch in Automotive Floor 

 

As shown in table 4.1 Frequencies for different modes are compared with and without inclusion of the viscoelastic material and 

frequencies are increasing with patch included analysis. The attachment of Viscoelastic material selection is inspired to reduce the 

vibration. And here so called hypersensitivity where it was discovered that small changes in angle between two free-free flat plates 
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made from aluminum or steel cause large shift in the dynamic response when plate angles vary between 2 and 5 degrees. Similar 

changes in angle have less of an impact for angles smaller than 2 degrees and for angles larger than 5 degrees[13].  

So the basic idea here is to attach the viscoelastic patch inside the floor region where the maximum vibrational energy is 

transferred from the engine, muffler, and road irregularities and to be modeled and analyzes in the modal analysis so that this can 

help the designer to know the location of the maximum displacement inside the structure response rainbow images and frequency vs 

amplitude data. therefore, proper amount of area should be patched at proper location and we can get optimum condition before the 

actual experimental analysis. From Frequency response function(FRF) data it is seen that maximum amplitude is occurring between 

50-150 Hz and using 3 and 4 location patch analysis that amplitude is reduced by seen Figure 4.11. at frequency band between 200 

to 250 Hz there is a peak in the FRF data for the structure without patch but that peak is eliminated in the viscoelastic patched modal 

analysis. And for low frequency range 3 locations patch gives the high amount of amplitude than 4 location patch. 

 

Table 4.2 Comparison of frequency for 4 and 5 location patches 

 

Mode no. Frequency without patch(Hz) 
Frequency with 4 location 

patch(Hz) 

Frequency wit 5 location 

patch(Hz) 

1 14.402 14.434 14.431 

2 18.045 31.293 37.672 

3 29.872 37.451 40.111 

4 56.518 64.366 76.563 

5 70.34 75.251 81.143 

6 89.14 92.977 94.817 

7 102.67 107.19 110.18 

8 111.47 112.35 113.38 

9 118.2 122.32 123.77 

10 127.19 130.12 131.32 

11 130.52 132.23 137.53 

12 138.16 146.53 148.79 

13 146.99 148.35 150.78 

14 150.49 154.63 159.63 

15 155.25 163.6 164.63 

16 164.6 166.64 177.70 

17 165.88 183.02 187.93 

18 181.39 187.70 190.10 

19 193.49 200.15 203.08 

20 200.09 207.87 217.00 

21 203.99 209.40 221.52 

22 210.91 230.29 232.74 

 

 

 

4.5 Comparison of all Frequency 

 

 
 

Fig 4.14 5 Comparison of Frequencies for different locations  
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Figure 4.14 shows the comparison of all the frequencies but first 6 modes which has zero or near zero frequency is to be considered 

as rigid body modes for the particular structure prototype. And our focus of interest is the mode shapes after the 4th or 5th order degree 

for this analysis.  

The design, operational modal analysis and manufacturing easiness of this vehicle prototype model describes the contribution 

sets up many probabilities for the future research on this field. The designed model and the knowledge about its dynamical behavior 

makes it now possible to develop different control strategies for improved structural damping of the elastic car body to achieve a high 

ride quality.  

The next step will be to test the feasibility of these concepts on the manufactured scaled model of the actual vehicle car body. The 

described low frequency Eigen mode caused by the lumped masses and connections must be considered during this test phase. In 

addition to that point the scaled model itself can be improved based on the knowledge from the results of the experimental modal 

analysis and only this data is limited to the scaled body modal analysis. It will be possible to change the frequency characteristics of 

the model and therefore its vibration behavior in such a way that the local sheet metal vibrations do not disturb the first global Eigen 

modes we can say that rigid body modes. But change in the vibration characteristic can be carried out in patched analysis dynamic 

response.  

V. CONCLUSION AND FUTURE SCOPE  

As frequency is related to both sounds (noise) and structural vibrations, stiffness can be controlled by altering shape, size and 

thickness of the structure. Viscoelastic material helps in damping vibration that intern results in optimized frequency & dB level can 

also be included in future scope. 

There is increase in the frequency due to the incorporation of viscoelastic patch, there is a reduction in the vibration of the structure 

which is highly responsible in floor panel. 

Study shows that as area of patch material increase there is increases in frequencies but reduction in displacement and that of 

going to the increase in material damping. Also it shows that not all the area of panel is required to locate the viscoelastic material 

patch, but area highly affected under the dynamic condition which has identified in FEA analysis must be patched for optimum results 

Prediction of NVH (Noise Vibration and Harshness) simulation plays very important role in Prediction of dynamic behavior of 

automotive structure. Especially Frequency Extraction and eigenvalue analysis using software simulation. And in present paper 

identification of the location of the car structure is analyzed in Earlier design stage and proper location is finalized for the attachment 

of the viscoelastic material so that proper damping mechanism should be provide in order to reduce the amplitude of the vibration. 

Study shows that it is not necessary to include patch material inside whole floor panel of the car. but, predicted location in the 

Modal analysis can be patched or damped using viscoelastic material so that optimum results can be taken for the reference for the 

future analysis of the same structure and therefore, Reduction in the vibration using damping material can be achieved with few area 

of material. 
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