
IJSRD - International Journal for Scientific Research & Development| Vol. 6, Issue 05, 2018 | ISSN (online): 2321-0613 

 

All rights reserved by www.ijsrd.com 791 

Development of CAE Methodology to Predict Rattle (BSR) Inside 

Passenger Cabin 

Nikhil G. Takalkar1 Prof. (Dr.) M. K. Nalawade2 

1,2Department of Mechanical Engineering 
1,2Vishwakarma Institute of Technology, Pune, Savitribai Phule Pune University, India

Abstract— With overall development in acoustic properties 

of materials and electric vehicles set to replace conventional 

IC engine vehicles, Squeak and rattle are fast becoming area 

of interest for automotive manufacturers. Squeak and rattle 

are unwanted noises in vehicle cabin. Till now to eliminate 

squeak and rattle, conventional find and fix approach has 

been used. With increasing competition among automobile 

manufacturers and effort to reduce the development time for 

a vehicle, it has become necessary to find S&R at initial 

stages of development. In this investigation an effort has 

been made to develop the process which can predict the 

rattle occurrence in the initial phase of development without 

actually going for physical test setup. A test fixture along 

with sample plates of polypropylene is mounted on shaker 

machine and test is conducted on vibration shaker machine. 

A initial gap of 2 mm is maintained between the two sample 

plates. For test input excitation of 0.8*G and sine sweep of 

0-65 Hz has been used. From test, Acceleration Vs Time 

data is plotted. Fast Fourier Transform is applied to convert 

time domain data into frequency domain. Modal frequency 

response analysis is conducted using Optistruct as a solver 

and its Acceleration Vs Frequency data is plotted. 

Acceleration Vs Frequency data for test and simulation is 

compared for validation purpose. Using simulation 

Displacement Vs frequency data has been plotted. Peak 

displacement is compared with the predefined gap between 

the plates.  It is assumed that if this displacement is greater 

than the predefined gap rattle is deemed to occur. This 

method is developed for small prototype and could be used 

for real parts where rattle may occur. 
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I. INTRODUCTION 

The sound inside a passenger cabin is composed of many 

elements, a fundamental element of which is irritating noises 

comprised of buzzes, squeaks and rattles. Customer 

perception of buzz, squeak and rattle (BSR) is measured by 

Things Gone Wrong (TGW), warranty claims and JD Power 

surveys.  A market survey as early as 1983 reported squeaks 

and rattles as the third most important customer concern in 

cars after 3 months of ownership. The absence of S&R 

provides direct positive feedback to the customer of the 

perceived vehicle build quality. In the highly competitive 

automotive market, a superior S&R strategy can easily poise 

manufacturers for market leadership through customer 

perceived initial build quality and published JD Power 

survey rankings. The battle against S&R is not an easy one. 

Modern advances regularly reduce the general level of other 

major sound sources such as the powertrain, wind, road and 

tire, both actively at the source and passively at the receiver 

end. The trend towards lightweight body construction and 

lightweight materials combined with the increase in general 

content in the subsystems keeps growing. Controlling S&R 

is thus an even bigger challenge. Vehicle owners of the new 

millennium will demand a tremendous increase in the 

instrument panel (IP), seat and door subsystem content. 

Electric cars of the future will highlight even the most subtle 

of S&R issues because of the general low level of 

powertrain noise and the use of lightweight components 

inherent to their design. 

Currently, manufacturer warranty bills from S&R 

issues are estimated to be about 10% of total things-gone-

wrong costs. Instrument panels (IP), seats and doors are 

responsible for over 50% of the total S&R problems, with IP 

being the main offender. The traditionally applied “find-

and-fix” approach methodology used to obtain quality 

improvements has resulted in a tremendous increase in 

product costs with little proven durability. The ‘Band-Aid’ 

corrective actions often depend on operator installation 

accuracy. The best resolution, generally onetime tooling 

revisions, occurs late in the production cycle and is 

prohibitively expensive. Because of the high profile nature 

of S&R, manufacturers have formulated numerous 

specifications for S&R performance of assemblies and 

subcomponents. These efforts have naturally focused on 

long term 

II. LITERATURE REVIEW 

Jai min choi et al [1], reviewed BSR (Buzz, Squeak and 

Rattle) noise is the perceived noise of annoyance and caused 

by impact or friction in the gap between parts of a system. It 

is one of the major factors that influence the perception of 

quality. The BSR noise emerges along the gap, joint and 

contact surface of a system under external forces such as the 

road loads and the engine vibration input. Major causes of 

BSR phenomena are the degradation of materials and the 

resonance characteristics of a system. BSR issues can be 

generally found in the field, after the system has seen 

several cycles of use. BSR issues are challenging to find in 

the virtual development stage. Our aim is to develop BSR 

evaluation process driven by CAE, in order to identify the 

occurrence of BSR at the early stage of the design. Whereas 

subjective evaluations have been typically required in order 

to assess the perception of quality, a virtual evaluation 

method is proposed in this study. An analytical methodology 

is presented here to detect the location and threshold level of 

BSR, through a finite element analysis for a gap model and 

a pre-loaded model. Implicit and explicit FEA and sound 

generation will be addressed in this study. The effect of 

environmental and material property changes is considered 

in the time domain transient analysis used to predict sound. 

Eberhard Michael Kreppold et al [2], Comfort and 

well-being have always been connected with a flawless 

interior acoustic, free of any background noise or BSR, 

(buzz, squeak and rattle). BSR noises dominate the interior 

acoustic and represent one of the main sources for 
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discomfort often causing considerable warranty costs. 

Traditionally BSR issues have been identified and rectified 

through extensive hardware testing, which by its nature 

intensifies toward the end of the car development process. In 

the following paper the integration of a virtual BSR 

validation technique in a modern development process by 

the use of appropriate CAE methods is presented. The goal 

is to shift, in compliance with the front loading concept, the 

development activities into the early phase. The approach is 

illustrated through the example of an instrument panel, from 

the early concept draft for single components to an 

assessment of the complete assembly. In a second and 

innovative example a combination of a virtual door slam 

analysis with a subsequent BSR analysis is examined. Every 

analysis result shown in the paper will be compared with 

corresponding test results. 

Jong Ho Lee et al [3], since vehicle NVH reduction 

technology has improved `from interior and exterior of the 

vehicle becomes an important factor to measure the quality 

of the vehicle. (The cost rate of BSR noise claims take 

around 10-15%, moreover BSR noise negatively affects 

customers to purchase vehicles.) Therefore, a research of 

BSR evaluation comes to the fore to make a premium car. In 

this paper, we would like to introduce the development of a 

vehicle excitation test mode, the full-vehicle BSR test 

system, and a sound acoustic camera to detect BSR noise. 

The test profiles were correlated with various road severities 

such as the domestic field test sites including 5,000km 

cross-country off road, 19 test tracks for BSR in R&D test 

center, and quality test tracks in domestic factories. These 

test modes were classified into 4 levels (Low-Normal-High-

Crazy) by judging degrees of GRMS values. The full-

vehicle test system can reproduce various field road profiles 

of the BSR for chassis parts, interior, and exterior for 

temperatures of -40∼60°C. The profiles range from high 

displacement roads such as bump stopper to high frequency 

road like Belgian road. 

Eduard Caamaño et al[4], in recent years car 

manufacturers have been working intensively on new ways 

to improve the quality of the interior trim since it is 

extremely important to the customer’s perception of quality 

and can be a source of after-sale complaints. Consequently, 

the study of squeak and rattle (S&R) has become one of the 

main concerns for car manufacturers. Simulation of S&R 

phenomena is a complicated issue to reproduce virtually, 

because they are difficult to study using methods based on 

eigen modes due to the impossibility of using contacts in 

this type of FE model; since modal theory is based on the 

hypothesis of linearity. Software providers and automotive 

engineering companies have been working hard to provide 

tools and methodologies in order to be able to analyze these 

phenomena in the initial development phases. In this 

context, in 2009 IDIADA developed a simulation protocol 

that took advantage of software already existing on the 

market (Abaqus) by combining its capabilities to set up a 

methodology for detecting and analyzing potential S&R 

problems. This paper presents the latest improvements and 

correlation of the methodology of S&R detection. The 

improved methodology was applied to a complex structure 

(an instrument panel) and the results were compared with 

measurements. 

Unnikrishnan Kuttan Chandrika et al [5], a new 

algorithm for automatic detection and rating of squeak and 

rattle (S&R) events were developed. The algorithm utilizes 

the perceived transient loudness (PTL) that approximates the 

human perception of a transient noise. At first, instantaneous 

specific loudness time histories are calculated over 1–24 

bark range by applying the analytic wavelet transform and 

Zwicker loudness transform to the recorded noise. Transient 

specific loudness time histories are then obtained by 

removing estimated contributions of the background noise 

from instantaneous specific loudness time histories. These 

transient specific loudness time histories are summed to 

obtain the transient loudness time history. Finally, the PTL 

time history is obtained by applying Glasberg and Moore 

temporal integration to the transient loudness time history. 

Detection of S&R events utilizes the PTL time history 

obtained by summing only 18–24 barks components to take 

advantage of high signal-to-noise ratio in the high frequency 

range. A S&R event is identified when the value of the PTL 

time history exceeds the detection threshold predetermined 

by a jury test. The maximum value of the PTL time history 

is used for rating of S&R events. Another jury test showed 

that the method performs much better if the PTL time 

history obtained by summing all frequency components is 

used. Therefore, rating of S&R events utilizes this modified 

PTL time history. Two additional jury tests were conducted 

to validate the developed detection and rating methods. The 

algorithm developed in this work will enable automatic 

detection and rating of S&R events with good accuracy and 

minimum possibility of false alarm. 

III. METHODOLOGY 

1) Experiment is performed on model and acceleration 

data in time domain is obtained. 

2) Using Matlab, Fast Fourier Transform (FFT) is 

performed on test data to convert the data in frequency 

domain. 

3) With the help of Catia, CAD model for test fixture setup 

is created. 

4) For meshing Ansa_v15.2.0 is used. 

5) Loads and boundary conditions are applied using 

Hypermesh 13.0. 

6) Modal frequency response analysis (FRF) of FE model 

is carried out using Optistruct as a solver. 

7) FRF analysis provides Acceleration Vs Frequency data. 

8) The output of FRF analysis is compared with test data 

extracted after applying FFT. 

9) The two results (test & simulation) correlate well with 

each other. 

10) Based on validation of simulation data using test data, it 

has been concluded that the simulation method could be 

applied to investigate the BSR issues at early design 

stage. 

11) Finally Displacement Vs Frequency data has been 

plotted using Optistruct. 

12) It is assumed that whenever the displacement of plate is 

greater than the pre-defined gap (2 mm) between two 

plates, rattle is deemed to occur and when the 

displacement of plate is less than predefined gap, rattle 

would not occur. 

13) So this method can be applied to component level in 

vehicle design to investigate the rattle occurrences. 
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14) Steps taken to complete this thesis have been 

documented in the form of flowchart in next page. 

 
Fig. 1: Workflow of the project 

IV. EXPERIMENTAL PROCEDURE 

1) Test fixture is mounted on vibration shaker machine 

using 4 Allen screws (M10). 

2) Two polypropylene plates are mounted on test fixture 

using 2 numbers of bolts each as shown in the figure. 

3) Accelerometer is mounted on polypropylene plate at a 

distance of 40 mm from free end of the plate. 

4) Using vibration shaker machine, base excitation of 

0.8*G is applied at the base of the test fixture. 

5) For the test sine sweep of 0-65 Hz frequency range has 

been used. 

6) Using accelerometer, Acceleration Vs Time data at 

response points were recorded.  

 
Fig. 2: Test setup 

 
Fig. 3: Test Results [Acc. Vs Time] 

 
Fig. 4: Test Results [Acc. Vs Frequency] 

V. FINITE ELEMENT ANALYSIS 

Finite Element model is setup in Ansa 15.0 and Hypermesh 

13.0. Frequency response analysis is conducted using 

Optistruct. 

A. Normal Modes analysis of plate 

Material used: Polypropylene 

Plate dimensions: 200mm×40mm×6 mm 

Material properties: Young’s Modulus = 1561 MPa 

Density = 920 Kg/m3 

Poisons ratio = 0.431 

 
Fig. 5: First and second mode shape of plate 

B. Normal Modes analysis of Fixture 

Free-free modal analysis is carried out using Optistruct 

solver to compute fundamental natural frequency of the 

fixture. 

Material properties: 

Young’s Modulus=210000 MPa 

Density = 7.9 × 10-9 Tonnes/mm3 

Poisons ration = 0.3 

 
Fig. 6: First and second mode shape of fixture 

C. Loads & boundary conditions: 

Loads and boundary conditions are applied as shown in fig 7 

and 8 

 
Fig. 7: Loads and Boundary conditions 
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D. Acceleration Vs frequency plot from FEA: 

 
Fig. 8: Acceleration Vs frequency 

VI. CORRELATION BETWEEN TEST & FEA RESULTS: 

For correlation, Acceleration Vs Frequency plots are 

compared. The values of peak acceleration and frequency at 

which peak acceleration occurs are listed below. 

A. Test results: 

 Peak Acceleration: 1,15,200 mm/Sec2 

 Frequency at which peak acceleration occurs: 45.94 Hz 

B. Simulation results: 

 Peak Acceleration: 1,18,163 mm/Sec2 

 Frequency at which peak acceleration occurs: 45 Hz 

 
Fig. 9: Acceleration Vs Frequency plot from test 

 
Fig. 10: Acceleration Vs Frequency plot from FEA 

From above it is concluded that test results and 

simulation results correlate with each other. Therefore 

simulation process employed for this investigation could be 

applied to real life problems without actually going for 

physical test setup. 

Acceleration Vs Frequency plots obtained from test 

and simulation are plotted below for better visualization. 

Next phase of this investigation is to obtain 

displacement Vs Frequency plot and calculate the maximum 

displacement at target frequency which has been extracted 

from the previous analysis. 

If the displacement is greater than the allowable 

gap between two components, rattle will occur which is 

assumed at the start of this investigation. 

VII. RESULTS 

Displacement Vs Frequency plot is obtained using same 

procedure as explained above. The blue continuous line 

represents displacement at mounting location whereas the 

red dotted line shows displacement at tip of the plate. 

 
Fig. 11: Displacement Vs Frequency plot From FEA [ At 

mounting location and at tip of the plate] 

The scale on X and Y axis is adjusted to highlight 

difference between the displacement at tip and mounting 

location. Clearly displacement at tip is higher. 

Fig. 12: Scaled Displacement Vs Frequency plot From FEA 

[At mounting location and at tip of the plate] 

The figure shows absolute displacement at the tip 

of the plate, which is obtained by subtracting displacement 

at mounting location from displacement at tip of the plate. 

The absolute displacement at the tip comes out to 

be 2.113 mm which is greater than the initial gap between 

two plates. 

 
Fig. 13: Absolute Displacement Vs Frequency plot at tip of 

the plate 
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VIII. CONCLUSIONS 

Based on test and simulation results following points have 

been concluded. 

1) After comparing test and simulation results it is 

observed that peak acceleration of 1,15,200 mm/Sec2 

occurs at 45.94 Hz during the test on vibration shaker. 

Whereas FEA provides peak acceleration of 1,18,163 

mm/Sec2 occurs at 45 Hz.  

2) At 45 Hz, where peak acceleration occurs, displacement 

of the plate is 2.113 mm which is greater than the 2 mm 

gap maintained between the two plates, so rattle will 

occur at 45 Hz. 

3) So in this way rattle is predicted in initial stage using 

FEA and for validation of FEA process physical test is 

conducted. The results of test and simulation match 

with each other. 

4) This process could be applied to real parts (Instrument 

panel, lift-gate, Doors etc.) to check if rattle occur or 

not without actually going for physical test setup. 

5) Since no physical prototype is required to predict the 

rattle occurrence, initial development cost comes down 

considerably. 

6) Also time cycle required for development process is 

reduced. 
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