, 2 8

(2000 8 )

Applied Mathematics and Mechanics

: 1000_0887(2001) 08_0853_09

(
0324
Popp
. , Po
; (2)
. [11]
. Popp
( , , )
1
Slip ,
* : 0 1999_11.09;
(1946—),

oo, WHEE

. 200092)
(K& &4 B)
5 Sick slip ;
A
Stick_slip

84 : (D)
. Popp

[ 10] .

200 )
Popp ,
2001_03_13

853

[1~9],

[3]



854

x,1 = x2, LTt
x,2:— x1— xs+ Fr(vr)/c+ wocos(x3), (1) u{s)
w= 1,
4
, 1 . =(1)
(*) = d(* )/dT, T= oo, .
W= Je/m, N= Q/ w
: , (2) 1
X1= X = X — X5, X2= X = X, Fy m
Xs = 11(1}0) Fy/c, vr= ©xa2— vo* l"'ﬂ
Stick , o= 0, x/1 = x2= v/ W= K
const, x/zz (0
Coulomb u(£) = nocosth Al
Fr(v) =— V(v )Fnsgn(ov) v Z0, (3)
| Fr(v = 0)1 < BoFy v, = O (4) 1
Coulomb , (1 ,
Stick , BT A
x(t)— xB= wvo(t— iB), (5)
— x0+ wocosx3 Sx(t) Sx0+ wocosx3, (6)
, x0= HoFn/c*
Slip ,A_ B
uo Q
x(t)= x;+ Ccos( @t — P) + Wcosot n= Jo’ (7)
aXt) < o (8)
(6) (8) . :
Slip Stick B, (x%Bj1, XBjr1= vo, tg)°
(6) . (3 (7). ) ;
Stick . Popp o] A B X )
,XF — X5 = — (x4 — %)
Slip Stick B , B
2
Bj+1= Xs+ J:x—x-— u—OCOSQ(t-+ A)} + [ﬂ+ uo'l sin Q( tp + Al‘)i| X
XBj+ S s B 1- rl.z Bj 1 (&) 1- rl2 J /
0 uoll .
30+ - nZSan(tgj+ Ayj)
cos| WAy + atan| - +
uo
Xs— xp — Wcos Q(tp + Ay)

] TIZCOS Q(tpj+1),

gj+1 = ty+ A+ Ay,

(9)



855

Alj (5) , Noj VA= VB = 0o
2x5— 2xp
Ay = v A
2| Cojeos( Wotaj— )+ 0@ Qpyj
0 0l 4] - I.lzcos Aj
AQJ = (23 s
uo . 3 .
1 l’lzsm QtAj + Cwysin( Woly; — ?)

B

Ly = tg+ Ay,

c I i oy A)r [”0 ul Qg+ A )]2
= s— XB— T 2 B + Al + | T+ T 2 B+ Al M
X XBj 1- l,12008 il lj W 1- r1ZSHI il J

vo  _uwoll . o
ot | s Qg+ Aj)

P= wy(tg+ Ajy)+ atan|-

uo
Xs— XBj — r12cos Qg + Ay)
2
. 2 (1)
: (3) . )
1 ; ,
[3] . ) ) )
Slip ,
x/le= X 2€,
e = — wie— Broe— x+ Fr(wvr)/c+ uocosxs+ Go( T),
e = n,
, X1€= X€— X5, XE , B s w(T)
E[w(T)] =0 E[fw(TDw(s)] = §T-s),
. Stick s .
) vo 8o, 8o
x/1e: X2 = Vot 60, x/zez 0
(10) (12 ;
vie= xi+ &(T), xe= x24 & T),
X1 X2 7§] §2 ¢ A Ba gl
dpe (13) (10) (12) (10)

) Ur = x2— Vo,

()

(10)

(1)

(12)

(13)
dy



856

1. Slip

A F RIS
xll = X2,
x/2:— x1— Bo— w5+ Fr(vr= x2—- v0)/c+ wocosxs,
x/3: 0,

x2€< 00+ Om®
B. [ AL
8=% &=-&- B+ a(T,

x2< v0+ Owe

£ (W P, (n .
(16) , .
2. Stick
(12)
E[xzej = x2+ E[gz] = o,
E[&] . (16) ,

5

. EE) = Jtﬁmyzp(yz)dyz: 0
E[x2] = x2 = wo,

112,

E[x/2€] = 0
S]ip B gl § s (16)
di d2
2
E[E:-Z] == %_[exp - 2_(;]% = 9Pp
(19) . (15) (8), (14) (7)
Slip .
[3]  Popp ’
EngAjJ s B .

E[ xj+1] = {[xs— Efxe] - 1 =

(14)
(15)
(16)

(17)
(7 (8

& &

(18)
(19)

()

(21)

(200 (21 (7),

EVxejl = 2x,— EWxg;!,

2

vVo— (PB uOI]_ . 2] 172
@ + - I,l251nQ(sz.|. Ayj) x
0— % ol
- + i 5sin Q(tgj+ Ayy)
[O0) 1_ n
cos| WAz + atan| - ” .
wom Efxay] = 7 ppeos Oty + By = s

uo
1- n2cosQ(tBj+l)+ X+ (bAB’,

Bjv1= I+ Aj+ Ay®

(2)



857

Ay Azj,
25— 2E [xeg]
Ay = s
Vo
2 uo e
2| Cwocos( wotaj— @)+ I—TIZCOS Quj
AQI = g}q )
uo . 3.
- i Quj + Cwosin( Wotaj— P)
Ly = tg+ Ay®
c ¢

>

2

C = {[xs— E[xe] - 1_u—0r120089(t3j+ Ayj) - ‘bABi| +

vo— P uoll 12
[ o Y rl2sirlQ(t3;+ A]j)] ,

_ n
= 0 = + luo l,1zsin Qg+ Ay)
P= wo(ig+ Ajj)+ atan| - u_o .
xs— E[xesi] - Wcos Qty+ Ay)— dap
(220 (9 b D, )
3
Stick_slip . R
voe= Efxs] + f 0(w)dw, Efxx]= 0 , xx .
> 2 > Q( (L)) *
., E[xx=0 |, x%= 0 . _[ﬂ(@dw .
Stick_slip . , , Stick_slip Slip_slip
. . Coulomb ,
Slip slip s v>0 1,<0, ,
( )
(x,x3 B E[xs] E[x®], Bo ,
Bo E[xe(0)] E[x2(0)]° ;
tRj+1 Bj+1 > ,] = 07 15 27 - ® Bj Bj+l T? Bj+]
= TB- , , Stick slip ,T
Ty; Slip_slip ,T Tse ,

Boi= T OTP o oMV oTMIpR i DN+ Mi (i= L2 -wn)e (B
i=1

, N M, , ,Ni M; .
[13]



858

[13] 4

R Bernoulli .

Popp , [ 3] : o= 0.4, U= 0.23, vo= 1.0/,
Fv/e= 10.0m, @w= 1.0rad/s, = 2.1; x1(0) = 0, x2(0) = 1.0;

E[x1(0)]= 0. E[x2(0)]= 1.0; o= fuo,

Oe o o

, 3 ) ;  uo= 0.3~ 0.42m R

> B >

[13] .

0 0.1 : 0.2 0.3 0.4 0.5

up

. 1 Stick slip ;0
Slip slip s 11001110 ... s

. 4 s s Stick_slip ;



Slip slip .




860

(1]

(2]

(3]

[10]
(11]
[12]

(13]

[14]

[ |

Popp K, Stelter P. Nonlinear osdllations of strudures induced by dry friction[ A]. In: TUTAM Sym-
posium on Nonlinear Dynamics in Engineering Systems [C]. Stuttgart, 1989.

Feeny BF, Moon F C. Autocorrelation on symbol dynamics for a chaotic dry friction osdlator[J] .
Phys Lett A, 1989, 141: 397—400.

Popp K. Some model problems showing stick slip motion and chaos[ A] . In: Ibrahim R A, Soom A
Eds. Friction_Induced Vilration , Chatter , Squeal, and Chaos[C]. ASME D E, 1992,49, 1 —12.
Popp K Nichtlineare Schwingungen mechanischer Strukturen mit Fuge und Kontaktstellen[ J]. Z
An gew Math Mech , 1994, 74(3): 147 —165.

Popp K, Stelter P. Stick slip vibrations and chaos[J]. Philos Trans Roy Soc London Ser A, 1990,
332: 89—105.

Popp K, Hinrichs N, Oestreich M. Analysis of a self excited fricion oscillator with external excita-
tion[ A]. In Guran A, Pfeiffer F, Popp K Eds. Dynamics With Friction [ C]. Singapore: World
Scientific, 1996.

Feeny B F. The nonlinear dynamics of oscillators with stick dlip fridion[ A]. In: Guran A, Pfeiffer
F, Popp K Eds. Dynamics With Friction [ C]. Singapore: World Scientific 1996.

Feeny B F, Liang J W. Phase_space reconstructions of stidk slip systems[ A]. In: Proc of 1995 De-
sign Engineering Tech Conf, Vol, 3A[C]. ASME D E, 1995, 84 1, 1049—1060.

Feeny B F, LiangJ W. A decrement method for the simultane ous estimation of Coulomb and viscous
damping[J] . J Sound Vib, 1996,195(1): 149 —154.

Nagarajaiah S, Reinhom A M, Constatinou M C. Torional coupling in sliding base isolated structures
[J]. ASCE J Struc Engerg, 1993, 119(1): 130—149.

Kapitaniak T. Chaos in System With Noise[M]. Singapore: World Scientific, 1988.

Ibrahim R A. Parameiric Random Vibration [M]. New York John Wiley & Sons, 1985.

Sheldon M Ross. Introduction to Probability Models [ M]. New York, London: Academic Press
INC, 1989.

Moss F, McVlintock PV E. Noise in Nonlinear Dynamical Systems [M]. Vol 2. Cambridge: Cam
bridge University Press, 1985.



861

The Discrete Models on a Frictional Single
Degree of Freedom System

FENG Qi, ZHANG Xiang ting
( Key Laboratory of Solid Mechanics of MOE, Tongji University,
Shan ghai 200092, P R China)

Abstract: Two stochastic models on simple random system with friction were developed. One of
them was a discrete model by a two dimensional mean map applied to describe random stick slip mo-
tion. The numerical examples show that external noise can reduce the complexity of the system be-
havior. Secondly, a probability model described was established with coexistence of stidk slip and slip
motions. The numerical results point out that this model possesses pure stochastic behavior.

Key words: stochastic frictional system; stick slip motion; stochastic chaos



