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Fig.1 The model of a disc brake
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Tab.1 The uncertain values of parameters

e A p/MPa  p/(kgem®) ¢/GPa
FRFRE 0.5 1.2 30 6.4
B /ME 0.44 0.9 27 5.8
SN 0.56 1.5 33 7.6

S5 45 SCHR L1051, 78 1~16 kHz i 1 B 14 L %
FE R AE 7.28 F112.9 kHz 26 45 1 A Fa 58 AR 285 1) B JE
e X (K . PRI L i K 7 A 2 L H R
B0 K e R S R R P . T BRIT A BT
R T, AT ST A N R e AR S Y BELJE HE iR
PR, e R & () A g(x):
t(x)=6(fip.pne)=

10.09273 — 24.84553f+ 0.71694p —
0.48950p, — 1.12423¢, — 0.21561/p +
1.29826/p, + 0.36183fe, — 0.23732pp, +
0.01364pe, — 0.057860,e, + 16.98764f% —
0.00558p2 + 0.04551p7 + 0.09857¢f
(33)
ela) =6 fiprone)=
1.8835 + 7.1091f— 0.4801p —
0.022240, — 1.1163¢, + 1.0553/p —
0.6360fp, + 1.0196fe, + 1.0196p0, —
0.0816pe, + 0.0619p e, — 12.86144/7 +
0.05915,@2 — 0.0304p7 + 0.044 17 (34)
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Tab.2 The ranges of Cl(r) obtained by the three methods

R MCUA FPUA SPUA
N oy
B T LR TR R TR R
+1% —0.35008 —0.31279 —0.35079 —0.31325 —0.35013 —0.31257
+3% —0.38237 —0.27119 —0.38832 —0.27571 —0.38256 —0.26952
+5% —0.41006 —0.22418 —0.42586 —0.23817 —0.41025 —0.22062
+7% —0.43351 —0.17289 —0.46340 —0.20063 —0.43352 —0.16563
+9% —0.45201 —0.11715 —0.50094 —0.16309 —0.45264 —0.10437
iE3 ._-ﬂ]j?l_lf;k ?mgz(l)/t’..
Tab.3 The ranges of {,( .z ) obtained by the three methods
R MCUA FPUA SPUA
N u
B T 5 T 5 T bR
+1% —0.05665 —0.04956 —0.05688 —0.04974 —0.05702 —0.04988
+3% —0.06305 —0.04071 —0.06401 —0.04261 —0.06534 —0.04249
+5% —0.07301 —0.02943 —0.07114 —0.03547 —0.07488 —0.03367
+7% —0.08648 —0.01583 —0.07828 —0.02834 —0.08588 —0.02341
+9% —0.10297 —0.00040 —0.08541 —0.02121 —0.09898 —0.01170
-0.10 0
015 ——MCUA j
lar —00| ——- FPUA e
NN 002 TR AT
§ _0‘25 | %,.“ ~0.04k ’_,;-'“""’""'
A L =
95? 0.30 2 006l
ﬁ( -0.35} ﬁ
= —040f = oot
-0.451
~050} . . . . -0.10f . . ‘ ‘
+1% +3% +5% +7% +9% +1% +3% +5% +7% +9%
AN 58 B AN 5E BEu
(a) §i(x) (b) &)
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Fig. 2

The results of &,(x) and &,( ) solved by the three methods
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Fig. 3 The relative errors calculated by two methods
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Tab.4 The results of correlation coefficients
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Uncertainty and correlation analysis for the stability responses of
automotive brake systems

LU Hui'?, YANG Chao', SHANGGUAN Wen-bin', YU Dejie*, ZHAO Ke-gang'
(1.School of Mechanical and Automotive Engineering, South China University of Technology, Guangzhou 510641, China;
2.State Key Laboratory of Advanced Design and Manufacturing for Vehicle, Hunan University, Changsha 410082, China)

Abstract: In the phenomenon of brake noise, the parametric uncertainty and correlation inevitably exist in the automotive brake sys-
tems, leading to some uncertainty and correlation of the system response. To address this problem, the uncertainty and correlation
analysis for the stability responses of brake systems was carried out. A multi-ellipsoidal convex model was used to depict the uncer-
tainty and correlation of system parameters, and the stability responses of system were characterized by the unstable modal damp-
ing ratios. The Monte Carlo simulation, the first-order perturbation method and the second-order perturbation method were respec-
tively combined with the multi-ellipsoidal convex model respectively, and three uncertainty analysis methods of system stability re-
sponses were proposed. Based on the Monte Carlo simulation and the first-order perturbation method, two correlation analysis
methods of system uncertain responses were developed respectively. The combinatorial methods for establishing the ellipsoid do-
mains of system responses were presented by combining the uncertainty analysis and correlation analysis methods. A numerical ex-
ample was given to verify the effectiveness of the proposed methods. The analysis results demenstrate that the proposed methods
can effectively obtain the boundary intervals, correlation coefficients and ellipsoid domains of system responses, and the methods

have high computational accuracy and efficiency.
Key words: automotive brake system ;multi-ellipsoid convex model;uncertainty analysis;correlation analysis ; brake noise
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