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ABSTRACT 
The noise is the major factor of an automobile vehicle which is induced by vibration when the vehicle is on road condition. The 
brake noise has been considered as vulnerable one in the vehicle brake system for decades. Also the brake noise in terms of sound 
pressure level (Hz) which perceives by human facilitates to create bad impression about the brake components. So these squeals 
of brake system are not liked by the original equipment manufacturer at industrial market. Nowadays the industrial people are 
working towards to reduce brake noise under experimental methods. The whole brake system noise is encompassed due to 
friction material of the brake pad. Because the friction material creates undesirable noise and which reduces the quality of brake 
system due to vibrations when it will contact with the brake disc. This problem is identified as major one and even it is not 
rectified by the experimental method also. To overcome the squeals of disc brake system, the NVH study is implemented through 
this paper to retard the brake squeals. On basis of NVH study, the absorbing material is added with the brake pad. On this regard, 
both frequency and frictional contact status analysis of disc brake system are analysed by ANSYS software. Based on experimental 
method, the obtained results are validated with the existed design. Moreover, the sound pressure level (dB) is measured of the 
modified part through experimental method. 
 
KEYWORDS: sound pressure level, friction material, brake squeals  

 

INTRODUCTION 

 

In general, the automotive vehicles are befriended with the brake system which is suitable for both drum 

brake and disc brake systems. After changing from drum brake system to disc brake system, the disc brake 

system is considered as a prominent one in the automotive industry. To attain the better performance in the 

vehicle during road condition, the disc brake systems are being used by the manufacturer in the automobile 

industries. All automotive components are to be satisfied by the Original Equipment Manufacturers (OEM) like 

Hyundai, Suzuki, etc. The automobile component manufacturers are the responsible persons to give quality 

products to the industrial markets. Moreover the brake systems are mainly deals with the noise characteristics 

during on road condition. Generally, the brake system encompasses with both rotor and friction materials. If the 

vehicle is on road, to reduce the speed of the vehicle, the friction material will move towards the disc when 

brake is applied. This may be caused to facilitate the brake squeals or noise. The original equipment 

manufacturers are expecting to get quiet squeal products of the brake systems. These squeals are perceived by 

the human in terms of sound pressure level (dB). So this major consideration might create the warranty issue of 

the relevant brake components by the OEM’s in the markets. To avert such kind of squeals from the brake 
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system, the experimental tests are conducted by the industries nowadays. Because the experimental test gives 

the precise solution of the brake squeals. So the industrial people are doing their research about how to reduce 

the brake squeals even more precisely through NVH (Noise, Vibration, and Harshness) study. Despite, these 

squeals are not rectified in the disc brake systems also. This paper facilitates to overcome from the squeals 

problem on basis of noise, vibration and harshness process.  

 

Approach Of An Nvh Study: 

The noise characteristics are major one in the automotive vehicle design systems. This noise may affect the 

entire design of the vehicle during road conditions. If the squeals are created wherever from the vehicle, it will 

mainly affect the brake systems only. So the brake noises are considered as an inconsistent one among the 

vehicle noises. These brake noises are generally classified into major three categories. “Reference [3]”, which 

are followed as (1) groan and moan noise, which is also known as low frequency noise (100-1000 Hz), (2) low 

frequency noise, due to coupling of out-of-plane modes of the rotor with bending modes of the pads (1000-7000 

Hz) and (3) high frequency noise, due to coupling of in-plane modes of the rotor with bending modes of the 

pads (8000-16000 Hz). In general, the brake squeals are created due to two major conditions. Firstly, the brake 

noise is being formed with high frictional coefficient when the vehicle is decelerated. Secondly, the interaction 

between brake components such as brake pad and rotor system may create the brake noise during operating 

conditions. The brake noise is created due to inference of the friction materials. Because the friction materials 

might create the undesirable noise and it reduces effectiveness of the brake pad. The brake pad consists of two 

major parts. One is friction material and another is back plate. Generally, the back plate is made by low steel 

formation and the friction material is formed by combination of 12-13 compounds. These compounds are 

generally called as non-asbestos organic (NAO) materials.  

To retard the frictional noise or brake noise, an NVH method is applied through this paper. “Reference [7]”, 

the first two letters in NVH define themselves: the harshness term, in general, means roughness and may include 

fatigue due to vibration and cover both noise and vibration. “Reference [7]”, the noise, vibration and harshness 

are taught that if we use any addition material between the brake components, it will not affect the structure and 

it will reduce the noise more precisely. In recent days, industrial people are using to make holes on the back 

plate. By making it, the high frequency noise will run out from the brake pad due to contact. In spite of that 

there are some other noises like vehicle noise which may induce the brake noise also. On this regard, this paper 

explains that the addition material is considered as absorptive material and is added between back plate and 

friction material. By adding absorptive material, it should mitigate the noise level of the interaction parts. Based 

on this research, the absorptive material is made with some thickness and is bonded with both friction and back 

plate materials.  

Also an NVH study which closely relates to find the sound pressure level (dB) of the brake noise. In 

general, the audible frequency range of human is 20 to 20000 Hz. Nowadays, the brake noise which perceives 

by human is found through microphone testing at industries. In that, the microphone tests are conducted by 

source and receiver set up. The source is considered as brake system and the receiver is considered as 

microphone set up. These tests are being conducted with some allowable distance between both source and 

receivers. In this paper, the absorptive material with brake pad is taken as modified one and the frequency 

ranges are calculated by software. Also the contact status analyses based on relevant friction coefficients are 

calculated from the analysis software. Moreover the sound pressure levels (dB) of corresponding frequency 

ranges are determined by the help of experimental method. Also software results of both contact status analysis 

and frequency values are validated with the experimental results. 

 

RESULTS AND DISCUSSION 

 

In this section explains inference of modelling and analysis of the disc brake system. The analysis sections 

are undertaken in this part as follows, (1) Contact status analysis and (2) Harmonic response analysis. The disc 

brake system modelling was done with the help of industrial inputs and the disc brake system is shown below. 

 

 
Fig. 1: Disc brake system 
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Fig. 2: Proposed design of brake pad  

 

 
Fig. 3: Conventional design of brake pad 

 

In Fig. 1 shows the components of disc brake system like brake disc, brake pad, piston and surface of the 

caliper system respectively. And Fig. 2 shows the proposed design of brake pad instead of the conventional 

brake pad. So the proposed design of brake pad consists of absorptive material and this design has been taken 

for the software analysis. The above figures were drawn by CATIA V5 software. The brake pad was designed 

with 15(mm) thickness, in that the absorptive material thickness has been taken as 1.5(mm) for industrial 

requirements.  

 

A. Contact status analysis: 

The contact status analyses were done by different set of operating conditions of brake system through 

ANSYS 15.0 software. On doing contact status analysis, it will give the pressure distribution over the contact 

areas due to inference of the friction coefficients. The major operating conditions have been taken for the 

industrial requirements and it is explained through this paper. The operating conditions of brake system were 

considered as on road conditions which are listed 80 (km/hr) and 130 (km/hr) respectively.  

 
Table 1: Friction coefficient values with operating pressure conditions 

Sl.No Speed (Km/hr) Pressure (Bar) Friction coefficient 

1 
 
80 30 0.36 

2 
 

130 

 

60 0.4 

 

 
 

Fig. 4: Pressure distribution on contact area    

 
Fig. 5: Pressure distribution on friction material 
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The Fig. 4 shows the pressure distribution at the contact area on brake disc. Also Fig.5 demonstrates the 

pressure variation on friction material due to the inference of 0.36 friction coefficient. 

 
Table 2: Stress value due to pressure distribution 

Time (sec) Maximum (Mpa) 

 

0.2 

 

45.649 

 
0.4 

 
90.864 

 

0.7 

 

158.18 

 
1 

 
225.24 

 

The table 2 relates that corresponding stress values attained from the contact status analysis under pressure 

30bar. 

  

 
 

Fig. 6: Pressure distribution on contact area           

 

 
  

Fig. 7: Pressure distribution on friction material 

 

Both the Fig. 6 and 7 explains the pressure distribution on disc and friction materials. 

 
Table 3: Stress value due to pressure distribution 

Time (sec) Maximum (Mpa) 

 

0.2 

 

55.282 

 
0.4 

 
109.48 

 

0.7 

 

189.36 

 
1 

 
268.3 

 

Likewise table 3 shows the stress distribution values under pressure 60bar. The above results were taken at 

body to body interaction condition under rotation of the disc.  
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B. Harmonic response analysis: 

The harmonic response analysis was done alike the contact status analysis of disc brake system. In general, 

the harmonic response analysis is conducted to get the frequency changes in system from initial operating 

conditions. 

 

 
 

Fig. 8: Frequency response on brake disc       

 

 
Fig. 9: Frequency response on friction material 

 

 
 

Fig. 10: Frequency response on brake disc     

 

 
Fig. 11: Frequency response on friction material 

 

In Fig. 8 indicates the frequency inference on disc due to contact of brake disc and friction materials. 

Moreover, Fig. 9 shows the frequency response of friction material. The frequency range of both disc and 

friction material creates 70791Hz and 151.67Hz respectively. Similarly, the Fig. 10 and 11 indicates the 

frequency range as 80791Hz and 165Hz.  
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Fig. 12: Graphical representation of harmonic response of disc brake system 

 

So the Fig. 12 explains the frequency range of friction material and brake disc under 80 (km/hr) to 130 

(km/hr) operating conditions and it shows the predicted frequency range from 151Hz to 200Hz. 

The above results has been validated and compared with the existed brake pad material. In that, the 

inference of existed brake pad creates 453.6Hz during interaction with the brake disc. It is drastically varied 

from the addition of absorptive brake pad. So the frequency range of friction material has been reduced from the 

attribute of NVH study. Also this method was used to predict the experimental results as more precisely.  

 

 
Fig. 13: Sound Pressure Level comparison of existed pad and proposed brake pad 

 

The sound pressure level (dB) for corresponding frequency ranges were calculated with the help of 

experimental tests. The predicted frequency range from software results had been taken for the test. From 

experimental procedure, 95 dB [A] is the predicted sound pressure value of respective frequencies. 

 

Conclusion: 

The entire brake system was designed to overcome the brake squeals through noise, vibration and harshness 

study. While comparing with conventional brake pad and absorptive brake pad, the conventional brake pad 

creates more frequency which is 453.6Hz than the absorptive brake pad as well as the sound pressure level of 

respective frequency range is 120dB which was obtained from experimental solution. To get rid of this noise 

problem, the NVH study was conducted in this project. Based on this study, the absorptive brake pad was 

introduced instead of conventional brake pad.  

By using absorptive brake pad, the contact status analysis and harmonic response analysis were done by 

ANSYS software. To get valuable solutions, the predicted results of proposed brake pad from software were 

validated with the help of industrial experimental test.  So the predicted result of using absorptive brake pad 

from experimental test is 198.33Hz. Also From experimental results, 95 dB [A] is the predicted sound pressure 

level of respective frequency. Due to the presence of absorptive brake pad, the brake noise had been mitigated 

no less than the conventional brake pad. So the changed part could be used to predict the squeal characteristics 

successfully. Also the brake noise in terms of sound pressure level (dB) was found with modified design by 

experimental method. Eventually, this project is proposed to use the absorptive brake pad instead of 

conventional brake pad to mitigate the brake squeals. 
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