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AN LG B S RO T B R GU R E TR A R

77

FERLAE M 0. 51077 m 4k, f
Wi 5 B LB M K. R GE ik
ML 4 3 2 B[] 2
F14 ISF (1] e 3, {H 57

JEF ARG H AR E
Je xR Bh 5 B B A W R
RS AR A 1 Bk ]
L Bl BHJE 3 O, R O B AR E
R S JBE 4 e 2 A AN 22

AL RGBS MR L 2R G bR ik B AR IR

AT DASE 2o 3 K 3 48 BH e >k 4 i il 3l R g AR e 1k
2.4 RGRE

FEZHIEEN m=0.5 kg, F=100 N,c=
10 N+ s/m,v, =0.4 m/s, REWE £ 435K

0.04
~ 0.02
g 0
002
0.5 1.0 5 0 % 5 10
% /10%m tls tls
(@) c=10N s/ mi¥AHE . AL I a) il 22 058 RE i i) i 2
(a) The phase diagram, displacement-time curve and speed-time curve when c=10N * s /m
0.04 1.0 0.04
0} 808 0.2
‘v S 0.6 'n
. 0 - . 0
£ ® 04 &
~ 4‘ ~
= -0.02f &0 » -0.02
-0.04 " L -
0 0.5 1.0 00 5 10 0'040 5 10
fi#% /10" m t/s tls
(b) c=15N » s/ miIAHEE . R0 e ] th 2 I BT i ] i 2
(b) The phase diagram, displacement-time curve and speed-time curve when c=15N * s /m
0.04 1.0 0.04
~ 002t g 08 ~ 0.02}
"» 06 "»
. OF ~ : 0
& ® 04 &
2 -0.02f &, ~ -0.02}
-0. L 0 . -0.04 .
0 040 0.5 1.0 0 5 10 0 5 10
% /10* m t/s t/s
(¢) c=20N = s/ mifIAHE . RLF I [a] 22 F03d B i i) th 2
(c) The phase diagram, displacement-time curve and speed-time curve when ¢=20 N * s/ m
B4 FRGeBHJE AL A I AR ] A0 7% o (1] Y £ 3 8 ek (1] il 28
Fig. 4 The phase diagrams, displacement-time curves and speed-time curves with different ¢
PEB R E . I 4 iR A i 26 A .3 AhBH 1.5X10°,2.5X107 #1 3. 5X 10" N/m 47 )5 B . AH

K AZ A SRR AE AN 18T 5 B

MBS A o R — A TREE IR
A+ AFURH PL i B 5] 2 09 22 B3k B AR IR A i 2 0
4 I 20 JA S0 B 22, T o I (R BR G . A IAT 5 B fiL
Fo Ik 8] H 267 1 . BEE 2R ST NI BE A3 R . R IRBIAR
JE P I 18] 72 3 58 K 19 B K Ik 31 i AL Bl R S8 W 5
A2 RT3 08/ o MNP 5 %y o 5 i ] il 2
HAL a5 R AL H I

AL ZR G0 A I B BOK S 3R 4E 38 B RS 2502 Bl Bl

(18 s TR Al i3 T I AT A e 3 > 19 /N 2R S W1
JEE Sk B o AR 483K B RS AE A9 L



78 ® oW KX 5 2 W %5 36 %
0.05 2 0.05
2 £ 2
g 0 = g 0
3 3 3
-0.05 L 0 L -0.05 L
0 1 2 0 5 10 0 5 10
£i#% /10" m tl's t/s
() k=1.5X10° N/ mitUAHE . ALFE I 8] it 22 0132 A I ] it 2%
(a) The phase diagram, displacement-time curve and speed-time curve when /=1.5X 10° N/ m
0.04 1.0 0.04
_ 002} 808 00
f S 06 "
. = . 0
g ® 04 &
N &0, = -0.02
0045 05 1.0 % 5 0 % 5 10
fi# /10" m tl's t/s
(b) k=2.5X10° N/ mfJAHE . LS B[] i 8 1 58 B ) i 2%
(b) The phase diagram, displacement-time curve and speed-time curve when k=2.5X 10° N /m
0.02 6 0.02
~ 001} g > ~ 001
o T4 v
g or S, g 0
Z R Z
> —0.01f d 5, > -0.01
0025 2 4 6 Yo 5 0 9% 5 10
fi#% /10" m t/s t/'s
() k=3.5X10° N/ mAIAHEl ALFE I A b 221 2 e ) it 2%
(c) The phase diagram, displacement-time curve and speed-time curve when 4=3.5X 10°N/m
5 ZR &8RN AL A1 1% AR AT 2 #% I () 1t £ 70 3 52 1 Ji) i 26
Fig. 5 The phase diagrams, displacement-time curves and speed-time curves with different %
K B ER A 1R Sl Y 1 Bt B2 38 A2 . i
3 % ® T AT L S 3 20 el /) 2R G M R Ok 2 e AR 8 Ik B
T B
D M S05EE/NTF 0.4 m/s Bf . &Gk F 5
?’%gdﬂk?&éﬁfﬁﬁ?#? 0.4 m/s Bf , RYALF 2 £ x ®
BPRA . Bl R R MR R SRR 3 IR E ‘
(1] SkSrZE. GEl] . e it . 5. ] Sl BE 4 A iy I 72 4 5

@th»@%hﬁﬂ%ﬁ#ﬁ%&%ﬂﬂ‘l‘ﬁﬂﬂ?ﬁo ARG
3k 2l i (B Bt ) 3 I 3 7o 38 R T D8/ )+ 3 20 3t B
i T3 AT LA /MR 8l BT g 3 R 2 filE R 48 7 A B i
PG Bt it ] UEAS ™ A 2 0 0s 3l 1 AT T 3d >
B v 4 3l i 7 R e/ NR 2 o

2) RGN FHE R, R GUBR ik B AR E RS
A R e LR T8 F R ] Sl AR R I RUCR s R4
PR 8 A R 8 Tk B A A Bl T i 1) R ] A B

A E MG T LT, 9% 3 ik 5 12 W7, 2014, 34
(2):288-294.

Zhang Lijun,Pang Ming, Meng Jiande,et al. Statistical
analysis of the time-variability and uncertainty of auto-
motive brake squeal due to friction[ J]. Journal of Vi-
bration, Measurement &. Diagnosis,2014,34(2) 288~
294. (in Chinese)

(2] B TAES AR 55 38T m B i i1 4 2 U 3



1

BN LG B S RO i B R ST R E TR R 79

(3]

(4]

(5]

[6]

7]

(8]

[9]

ke g MO A Bt LT ] ML T AR 2% i, 2013, 49(9)
55-60.

Lit Hui, Yu Dejie, Xie Zhan, et al. Optimization of ve-
hicle disc brakes stability based on response surface
method [J]. Journal of Mechanical Engineering,2013,
49(9):55-60. (in Chinese)

Joe Y G,Cha B G,Sim H ], et al. Analysis of disk
brake instability due to friction-induced vibration using
a distributed parameter model[J]. International Jour-
nal of Automotive Technology,2008,9(2).:161-171.
Ouyang H, Mottershead ] E, Brookfield D J,et al. A
methodology for the determination of dynamic instabil-
ities in a car disc brake[ J]. International Journal of
Vehicle Design,2000,23(3-4) :241-262.

[ AR LR SN s K B N I e S TN
4R .1999,34(3):274-278.

Zhang Limin. Stick-slip vibration analysis of con-
strained wheelset [ J]. Journal of Southwest Jiaotong
University,1999,34(3) :274-278. (in Chinese)

L B s 2 R AR B AT DL 3 bR T AR
2005.

XUBRR AL I A E IR 55 Bk =0 ol o 18 45 4 % il
ghgem i 3K 5 43 Bt LT 1. P& 3 ik 512 W7, 2013, 33
(5):746-750.

Liu Xiandong, Ren Zengjie, Wang Haixia, et al. Disc
brake friction characteristics, braking scream test and
analysis[J]. Journal of Vibration, Measurement & Di-
agnosis,2013,33(5) :746-750. (in Chinese)

AT F . W B 2 S A% A S 05 AT LD i
BB TR 2, 2009,

Chevillot F,Sinou J J,Hardouin N. Nonlinear transient
vibrations and coexistence of multi-instabilities induced
by friction in an aircraft braking system[]J]. Journal of

Sound and Vibration,2009,328(4-5) :555-574.

[10]

[11]

[12]

[13]

[14]

[15]

Ouyang H, Mottershead J E. Dynamic instability of
an elastic disk under the action of a rotating friction
couple[ J]. Journal of Applied Mechanics, 2004, 71
(12) . 753-758.

FWEA. Ma R M. a2 ol i jiAL . 2005
1-256.

Feeny B F, Moon E C. Chaos in a forced dry-friction
oscillator: experiments and numerical modeling [ J].
Journal of Sound and Vibration,1994,170:303-323.
WRACE. B B B 3 S RO AR S AT R R N S )
HAFRM LD e at i #2011,

Valentin L P. # filt Jj 2% 5 JBE #52 °F i J5t B0 % HC o
[ML 223 A ook . 3. Jb a0 3 AR R %% ) RAL . 2011
1-284.

TRAL A BRI, A7 3, A U S AR ) 5 L
SRR L] R K% %M. B AR E R,
2013,41(10) :1554-1561.

Zhang Lijun, Chen Yuan, Diao Kun, et al. Computa-
tional investigation into disc-pads pressure distribution

and thermomechanical coupling characteristics of brake

pads in disc brake [J]. Journal of Tongji University:
Natural Science, 2013, 41 (10):
Chinese)

1554-1561. (in

F—EEE N /N F, 1976 F 9 H
AT B EEATITDT 1 R HLAK S
Ji% IRENEEEM G 1. B RRCE
R R D) 2 B R 1) 45 A T D 1) 42 Ak L2
G T WAL AR R % AT L) (ML T 2
2012 AR 48 B 23 WD 3L,

E-mail ; xpli@ me. neu. edu. cn



& .0 X 5 2 W %536 &




