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A Conceptual Design Method of Disc Brake Systems for Reducing Brake

Squeal Considering Pressure Distribution Variations

Toru MATSUSHIMA, Kazuhiro IZUI and Shinji NISHIWAKI

This paper proposes a design optimization method for disc brake systems that specifically aims to reduce brake squeal,

with robustness against changes on contact surface pressure distribution, based on the concept of First Order Analysis. First,

a simplified analysis model is constructed in which a pressure distribution parameter is introduced, and the relationships

between the occurrence of brake squeal and the characteristics of various components is then clarified, using the simplified

model. Next, a new design performance measure that takes pressure distribution changes over the contact surfaces into

account is proposed for evaluating brake squeal performance, and an optimization problem is formulated in which this

performance measure is used as a constraint condition, with maximization of the brake-pad contact area as the objective

function. The optimization problem is solved using a genetic algorithm. The proposed method is then applied to design
problems and a disc brake system is constructed based on an optimal solution. Finally, experimental studies are conducted

to confirm that the proposed method can yield optimal designs that minimize brake squeal and are robust against pressure

distribution changes.

Key words: conceptual design, design optimization, first order analysis, CAE, numerical analysis, disc brake,

minimizing brake squeal
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Fig. 1 Simplified brake analysis model
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Table 1 Design parameter values
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parameter Value parameter Value
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0k <K
NeN,
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Hy = Hia > 1,1
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BN OEETHY, ke M%ﬁﬂam e IRAE, g, (EEESERL
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Fig. 9 Maximum value of real part of eigenvalue
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Fig. 10  Experimental system of squeal evaluation
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Fig. 11  Squeal evaluation result
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Fig. 12 Squeal occurrence rate for pad central angle
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Table 2 Side constraints

‘Z::;ﬁ; Lower limit Upper limit
L 0.02 m 0.04 m
L, 0.079 m 0.099 m
o, 20 deg 30 deg
Ky 1.67x10” N/m 6.66x10" N/m
Ky, 0.765%10* N m/rad 3.06x10* N m/rad
ke 1.60x10° N/m 6.40x10° N/m
ke 1.60x10° N/m 6.40x10° N/m
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Table 3 Optimum solution

Design variable Optimum solution

L 0.0299 m
L, 0.0795 m
, 24.48 deg
Ky 1.67x10” N/m
ks 7.65%10° N m/rad
ke 5.83x10° N/m
ke 6.40x10° N/m
2 4000
<
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23000
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Q
=
£ 1000
g
E
g 0
= 10 15 20 25 30
Pad central angle of friction surface deg
Fig. 13  Maximum value of real part of eigenvalue for

optimal design
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