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Modal Analysis of Brake Pads with Various Slot Types
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ABSTRACT

Disc brake squeal is caused by mechanical vibrations generated from friction force excitations
exerted by the pad on the rotor. In order to understand the origin of these vibrations and to speed

up the design, the characterization of the individual brake system components is desirable. In this

paper,

the results of modal analysis are presented in terms of several slot-type with free-free

boundary conditions. Special attention is paid to variations of the natural frequency at each vibration

mode as the result of modifying slot pattern.
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Fig. 1 Disc brake pad
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Fig. 2 Pads with various slots
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Table 1 Material properties of pad

Young's Density | Poisson’
Material | modulus en51¥ .n s
(kg/m”) ratio
(Pa)
Back-plate | SAPH 210G 7850 0.29
Friction
. NAO | (Table 2) 2020 (Table 2)
material

Table 2 Elastic properties of friction material

Young’'s modulus | Shear modulus Poisson’ ti
(Pa) (Pa) orsson s ratio

Exn 216G | Gza | 160G | via 017

Exu 806G | Ganiz | 345G | vam 0.11

Table 3 Elastic properties of friction materials

. 1
in reference

Engineering Properties SM #1|SM #2|SM #3;SM #4

Young's modulus Ex (G Pa) 6861 545| 318] 399

Young's modulus Eu, » (G Pa)| 2003 ] 1492 | 1576 | 1715

Shear modulus Gz (G Pa) 461 3441 280 3M

Shear modulus Gaiye (G Pa) 847 640 | 678 739

Poisson’ s ratio ¥ 12 a1 018 017 016 0.16

Poisson’ s ratio ¥ 31, » 009 015( 009} 009
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Table 4 Comparison of modal test result and analysis
result with FEM

e Naﬁural frequency(Hz) Difference
Experimental FEM (b-a)/a (%)
(a) (b)
1 2430 2420 04
2 3920 3953 -0.8
3 6490 6501 -0.2
4 8320 8277 05
5 - 10200 -
6 10850 10895 -0.4
A g 2 M A
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Fig. 3 Mode shapes of pad
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Table 5 Natural frequencies of pads

Natural frequency [Hz]
N IVi] V2| V3]Al|A2 |A3] 4 H

Mode

Ist | 2809 22471 2087 | 2011 2379 2229}2126| 2301 2789

2nd | 4174 3816 3643 | 3553 | 3811} 3670{3582| 3657 3558

3rd | 6498 | 6352 5091 | 4740 | 6187 5422 | 5099 | 56821 6432

4th | 8254 | 8223 | 7382 7000 | 8076 7315|6981 | 7281 7041

Sth | 10145 | 9960 | 9839 | 9841 | 9968 | 9893 | 9841 | 9688 | 10061
6th | 11251 [ 10710 | 10575 | 8142 | 10924 | 10167 | 9168 | 10063 | 11348
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Fig. 4 Frequency variations in comparison with

non-slot pad
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