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Abstract: In this study, squeal noise with respect to pressure variation is measured by a lab-scaled brake dynamometer
and estimated by a complex finite element (FE) eigenvalue analysis. From the FE eigenvalue sensitivity analysis,
unstable frequencies occur due to a mode-coupling mechanism and are found to change with variation in contact
stiffness. In the experiment, squeal frequencies near 1 kHz, 2.5 kHz, 3.5 kHz, and 4 kHz are increased with pressure
variation. The sensitivity of squeal modes to contact stiffness variation obtained from the FE analysis is shown to
approximate the variation of squeal frequencies under pressure variation in the experiment.
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Fig. 1 Schematic of disc brake system dynamometer
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Fig. 2 Test set-up of brake squeal and microphone
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Fig. 3 Pressure variation with respect to time
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Fig. 4 The result of squeal test for pressure change; (a)
Color map, (b) FFT [57sec — 60sec]
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Fig. 5 Pressure variation with respect to step; (a) 2bar,
(b) 4bar, (¢) 6bar, (d) 8bar, (e) 10bar, (f) 12bar

o s w0 150 § 500 1000 150K
(a) 2 bar (b) 4 bar

‘ (C’)Gbi\r " b

C@sbar

a8

(&) 10bar ¥ (H12bar
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2bar, (b) 4bar, (c) 6bar, (d) 8bar, (e) 10bar, (f)
12bar

2 A vepdn kA, 2z by 3 St
ol EI(FF)E §3] Fig. (@9 A% Az
stz LAk o) wE 7}

g sherakgln.

orx| Al
29904 wAR A4 FaeE fes
(Finite element method)E ©]-&-3%F
Ao Agedats] A8 7 wE



348 71 -

Table 1 Modal test result of the each component at free-

r |

- A

Table 2 Material table of finite element model used the

free boundary condition analysis
Hammering 0 . | Elastic modulus | Density |Poisson’s
Mode Shape | FEM[Hz] | ~p oy~ | Brrorl%] NO [ Material | ™ g rapa) |[p Ike/m’] | ratiof v ]
Disc Disc | 9y 102.68 6310 | 028
N cast iron
1076 1070 0.56
° Back | g el 210 7850 0.3
- Plate
° 2450 2480 1.2 Lining | Somi 9.37 2516 0.25
N metal
o 3882 4020 34 Caliper| Steel 200 7850 0.3
Pad
X
o | v 2570 0.77 aliper s
' 3931 3710 5.6
' 5391 5470 1.4
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Fig. 8 Finite element model of a simplified disc brake
and coordinate system

Fig. 9 Contact condition and friction status of FE - model
of disc - pad (a) side view (b) Top view
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Fig. 10 Friction coefficient variation with respect to
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Table 3 Nominal values of system parameter
Parameter Symbol Value
Friction coefficient u 0.5
Nominal Contact stiffness k LN/
(Disc - Pad) e |035x m
Rotation velocity w 47 rad/s

4500 |

4000 F

3500

(] ] %]
o 3] =1
=] = =1
=] =] =]
T

Frequency(Hz)

1500

1000

500

0

100 120 140 160 180

Ke(%)

0 20 40 60 80 200

Fig. 12 Frequency variation with respect to contact-
stiffness (‘0’ represents Re[ A ] > 0)

ke = (4.x9) ™
7|4, F, v+ %459 (Compression force, N)

4.5 =94 (Contact area, m?)

5 = W (Deformation, m)
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Fig. 13 Squeal test vs Stability map (a) dB of squeal
frequency (Squeal test), (b) K. vs Frequency
(Simulation), (c) Re vs Frequency (Simulation)
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Fig. 14 Unstable mode around each frequency, and it’s
mode shape; (a) 1kHz, (b) 2.5kHz, (c) 3.5kHz,
(d) 4kHz
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