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The Prediction of Brake Corner Module Squeal Noise Using
Participation Factor Analysis
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Abstract

A method for determining the geometric stability characteristics of a brake corner module (BCM) is
presented. Since disc brake “squeal” noise typically occurs at unstable resonant frequencies of a system, the
likelihood of disc brake squeal for a particular design can be determined. Finite element methods are used to
derive complex eigenvalue for a brake corner module. Some unstable modes calculated by finite element
methods correspond to squeal noise data. Through kinetic energy participation analysis for each part of BCM,
we can efficiently predict squeal noise data.
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Fig. 1 Front Brake Corner Model
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Table 1 Eigenvalue Correlation Result (Disc)

sl A (Hz) | A& (Hz) A} XSS
1288 1287 0% C.
2433 2411 1% @
2886 2882 0% e
2964 2930 1% @
3069 3039 1% ()
4726 4717 0% &
6060 6028 1% O
6508 6450 1% )
6667 6649 0% &
8664 8,640 0% ©
9765 9652 1% @

Analysis Process I

CAE Model Creation
Modal Simulation

Complex Eigenvalue
Analysis

Testing Process I
FRF & Mode Shape Test

‘ Correlation |

Componerts & Sub
Assemb

CAE Full Assembly Model Check for
Contact Condition

Correlation

Unstable Frequency
Range

Squeal Noise Test

| Contribution Factors Analysis ‘

-

‘ Case Study & Design Suggestion

Fig. 2 Squeal Noise Analysis Procedure
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Fig. 3 FRF Test and Simulation Result (Disc)
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Fig. 4 Noise Dynamometer Test Result
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Fig. 5 Complex Eigenvalue Analysis Result
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Table 2 Modal Vector MAC Result
Eigenvalue = Vector MAC 7| £
HZ
(Hz) 37| (cos8) (%)
Disc 131656.3 1 5.8
Knuck e 2905.1 0.62 0.7
Hub 3598.2 0.94 1.3
Bear ing 232.2 0.66 0.1
Carrier 43091.6 0.9 15.1
Pad_1 11503.6 0.76 3.4
2871 Pad_2 10811.8 -0.93 3.9
Spring_1 4111.2 0.6 1
Spring_2 4833.4 0.61 1.1
Housing 61188.7 -0.89 21.3
Piston 1552.9 -0.18 0.1
Pin_1 4542 .8 -0.25 0.4
Pin_2 6227 0.09 0.2
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Fig. 6 Disc kinetic Energy MAC Results of the Unstable
Modes

WE fol 91 A (o)l ABste] 7= E
Table 25 B9 s = ~4 31
2.8kHzol A 9] 7} REo] WE 7oA E AAshe

el gt Avfo|t},
7y BQrA 71wl A
wsolyA

to
ol
ACh
ol
ol
n*)
3|
0

= [e)
A38)g - WAS
Fig. 7 Double Piston Type Brake System
2000
*
1000 | O
0 la* "’ L L L L & L L *
g 1000 3000 5000 7080 9000 11000 13000 15000 17000 19000
g —1000
©
[
o
—2000
—-3000
*
-4000 L
Frequency[Hz]
Fig. 8 Complex Eigenvalue Analysis Result
| ®
* »*
dar -
@l
wr
= an
T -
= |
R
18
10 f
sl
o . .
1] 000 10000 14000 20000
Freqguency [Hz]

Fig. 9 Disc kinetic Energy MAC Results of the
Unstable Modes
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Squeal Noise Analysis Result
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