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Abstract: The frictional squeal of brake shows significant
uncertainty characteristics. A bench test was carried out on a
vibro-acoustics test rig of brake to study the uncertainty of the
brake squeal. So, a novel squeal confirmation and
determination method based on time-frequency analysis
results, which could show the squeal variations in the domains
of time, frequency and amplitude together, was presented.
An uncertainty analysis flow chart was also established, in

which statistical indexes of squeal frequency and sound
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pressure level, and probability density evaluation of frequency
based on Quantile-Quantile Plot(QQ plot) , were given. And a
judgment method of frequency doubling was devised based on
numerical multiple and occurrence concurrence, as well as the
uncertainty statistical analysis method with a consideration of
the frequency doubling. All the methods established were
applied to the uncertainty analysis of brake squeal. It is found
that, both squeal frequency and sound pressure level are
dispersed, and each squeal has its own statistical results. The
probability density of either squeal frequency approximates to
normal distribution, while the frequency decreases as the
corresponding sound pressure level increases. There are both
the same and different squeal frequencies under drag module
and in-stop module, whose frequency and sound pressure level
statistics are also different.

Key words. brake squeal; bench test; uncertainty; statistical

analysis; frequency doubling
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Fig.1 The multi-function brake inertia dynamometer

test bench
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Tab.1 Signal acquisition and sensor selection
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Fig.2 Arrangement of microphone
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Fig.6 Flow chart of brake squeal uncertainty statistical analysis
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Tab.3 Frequency and SPL statistics of each frequency component without frequency doubling processing
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Fig.11 Squeal frequency distribution without frequency doubling processing



HEo5H

HILZ, % RS AEE AR S AR 5 AR RS T T 779

BRI K. B 12 BT O8RS 1 75 R4
PR ER & PR S G RN B ZD s O A AR
SIER AR W AR UK BE PSR 4 7 Ak il 2R 25 RN A L BR
9 762. 1 HzRE WM o3 Hb , HAh S5 2 i o3 R R 2H h)
FRE I R, R A IR BN & 75 R R 4
B AS BT D2 P e 8. 3K W] BB R H T ok S T R A
BRI IR FREAFTE BRI AH G R A
- GUE  =E N
104 —2280.9 Hz

-—4533.6 Hz
~—67782 Hz

- 9081.4 Hz
103 --9762.1 Hz
b= --11329.0 Hz
ﬁ . e 13 612.0 Hz

101 . ‘\\ 1 L \\ 1 1 1
60 70 80 90 100 110
FEH/dB(A)

B 12 REMAMER AN EERIAE
Fig.12 SPL-squeal times without frequency

doubling processing

4.2 EREHXRNSETSF
X AR I BE BEAT AL R L FE AL 1T UF

TE 3 ANRMBR B AR IX 3 IR [ P2 5
R AT F 504 I AR BIR M R LR
B IFARFNR R R B GEHRAE, B3R 4 Bn. 3k 4
A FEATUI AR R 53 B 0 FRAN R e G G RRAE A A
T e Al AR AN T, T W 25 AR AR 33 3 A 75 T
KRG FHEEA S EAF— B0 25 A3, KB R
KM 6 778. 2 Ha SR AL P 3 B — S5 i 31 %
4. Bl 6 561. 7 Ha.

B 13 A AL BUS BCR 20 A Q-Q . | &
13 A5 i FEARAL 3 )5, 2 275. 5 Hz SZR 2Ry
PR AR R IEZS 7347 5 17 6 561, 7 Haz SHHRTE
PEIEZS o 40— 2, 2) X T UIR A IEZS 734 » (B
ZRIHABE I, 7E(—3, —2) FI(2,3) X[ 4
A 72 1 B AE S0 A S R AR T R R RAL ER Y
6 778. 2 HAFA B EEE IR M IES AR, S56 1 8
M 13w DUEE : O SRS R B 20T, — PR
B BB AR AR VT DL IR M TE 25 20 7 5 @ AR TEAR AR o6
FR IR IU B3 I 5 I ZFUNF R I B A 7 A A A 3, A
REAH2 TE A B AR 8 R I AL A

B 14 B SR IR M B AR e 3t 4 A K],
AR SR W R A R 2 IR RS
TELAR3E K, I3 M R B B Dl Py S 5 (LR S [ A3
B S IR A LA [,

R4 BERLERNERERSPMEMEELSITR

Tab.4 Frequency and SPL statistics of each frequency component with frequency doubling processing
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SPL/dB(A)
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Fig.13 Q-Q plot of squeal frequency distribution with frequency doubling processing
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Tab.5 Squeal characteristic statistics in different brake modules
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