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ABSTRACT 

 

ARTICLE INFO 

 Noise and vibration associated with the braking process in passenger 

automobiles has become an important economic and technological problem in the 

industry. The knowledge of natural frequencies of components is of great interest in the 

study of response of structures to various excitations. Hence a brake disc plate with 

central hole, fixed at inner edge and free at outer edge is chosen and its dynamic 

response is investigated. The objective of current dissertation work is to analyze the 

vibration characteristics as natural frequency, mode shapes of brake disc with drilled 

holes of different diameter & of wear discs at outer end due to braking  but with same 

ratios of inner to outer radius for inner edge clamped and outer edge free boundary 

condition. Clamped disc will be mounted on exciter and different resonance’s was 

detected by varying the exciting frequency. As before response will be measured by an 

accelerometer. Also FEM software package is used for vibration analysis of brake discs 

with drilled holes with same boundary condition but having different dia. of holes for 

determining different parameters like Natural frequency, Mode shapes. Thus, 

theoretical and experimental results obtained are to be compared. This thesis deals 

experiences on finding natural frequency and the mode shape of disc brake. The test is 

done in both simulation and also experimental using a simple test. The disc brake is 

modeled using commercial computer aided design (CAD) software, Ansys. 

Experimental is done by using impact hammer to excite the disc brake and data 

recorded using data acquisition system (DAS) connected to sensor located on the disc 

brake. The results for both simulation and experimental is compared. The discrepancy 

errors recorded between simulation and experimental. Both mode shape of the natural 

frequency are discussed and analyzed. 

Keywords—    Natural frequency, mode shape, vibration analysis, impact hammer, disc 

brake 
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I. INTRODUCTION 

   Disc brake noise and vibration are known to 

involve structural coupling between such components as the 

rotor, pads, caliper, and knuckle. Depending on the 

frequency range of interest, the hydraulic system, body 

panels, steering column, and other vehicle components can 

also become active. In an aggregate sense, the disc brakes of 

only a few percent of new vehicles exhibit sufficient noise 

and vibration to generate significant customer complaints, 

but the volume and expense of remediation efforts, in 
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addition to the perception of reduced product-line quality, 

place pressure on brake noise and vibration.  

An acute problem is called as “squeal'' noise, which is 

typically defined as that occurring within the range 1.5 to 20 

kHz at one or more of the rotor's natural frequencies and its 

harmonics. For ventilated and solid core designs, rotors 

have the distinction of being structural elements, members 

of the disc-pad friction pair, and efficient radiators of sound 

because of their large surface area. The study of the 

dynamic behavior of brake disc is important, as several 

machine components. It can be considered as annular plates 

with radial holes for the purpose of analysis. 

 

II.EXPERIMENTATION 

Experimentation and analysis done by four methods as 

below: 

 To find natural frequency by theoretical 

calculation. 

 To find natural frequency  & modes by FEM 

(Ansys software) 

 To find natural frequency by FFT(Impact hammer 

test) 

 To find modes by exciter  

 
Fig.1. Experimental set up 

 

 

                                      TABLE 1 
 

TEST SPECIMEN DIMENSIONS TYPE I (HERO HONDA 

CBZ).ASPECT RATIO B/A=0.5416, INNER DIAMETER =130 MM , 
OUTER DIAMETER =  240MM 

. 

 

 

 
Fig 2. Test specimen and fixture in vice for impact hammer FFT test 

 

 
 

Fig.3  Disc Brake Test Fixture In Vice. 
 

In the second method, the clamped disk brake 

sample type II) (Hero Honda CBZ).was excited by 

electrodynamics exciter as Plate 4.4 Showing annular disk 

brake sample no.1 with seashore sand spread on disk brake 

before excitation starts. 

 

 
 

1st mode shape (0, 1) sample type I) (Hero Honda CBZ). 
2nd mode shape (1, 0) sample type I (Hero Honda CBZ). 

 

Also, in second method of excitation, a sample type 

II) (Hero Honda Ambition).window having total 3 samples 

no.  5, 6, 7 were tested successfully to get two different 

mode shapes as shown in photographs below in plate 4.8 to 

4.10 

 

 

Specimen 

Disc 

thickness 

at friction 

area 

Dia. of 

hole of 

holding 

wheel hub 

Dia. of  30 air 

cooling holes in 

mm 

4th Disk 3.20 10.5 8 

5th Disk 3.20 10.5 10 

6th Disk 3.20 10.5 12 
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Mode shape (1, 0) of Sample No.4 type II (Hero Honda Ambition). 
Mode shape (0, 1) of Sample No.4 type II (Hero Honda Ambition). 

 

 

 
 

Mode shape (0, 2) of Sample No.4 type II (Hero Honda Ambition 

 

III CONCLUSIONS 

 

A. Specimen Type I:   

 

 No. of nodal diameter decreases as natural 

frequencies increases all the six samples of disk 

brakes. 

 Natural frequencies of disc brake of bike increases 

as the disc thickness decreases  

 Natural frequencies of disc brake of bike decreases 

as the brake disc holder hole diameter increases  

 

B.  Specimen Type II:  

 

 Natural frequencies of disc brake of bike decreases 

as the air ventilation hole diameter increases. 

Some of the actual Mode shapes are found by spraying 

sea shore sand on disc while vibrated by Exciter. 
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