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Fig 1M ulti- degree of freedan impact oscillator
Ki, K2, , Kn Ci1, C2, , Cn . Rayleigh .
M1i,M2 ,Mn F(T)=Fi ,0s(QT+ & (i=1,2 ,n). M 1
X 1(T) B , . R ,
, Mi1#Z 0, Ki# 0,
Fo= JF%+ Fi+ + Fi, mi=miMi: K= Ki/K:
C= ci/(zJ KMi1), w= Q/J KM, t= \ K1i/miT
fi= Fi/Fo, b= BKiFo, xi= XKi/Fo, i= 1,2
C= Tk,
Mx+ 2IKx + K x = Foos, (mt+ ©) (1)
“oe t , X = [xwxz Xa]' ,F= [fdf2 fa]
M = diag, [mi],
k1 - ki
- ki kit ke
K = 2
- kn-l ()
= kn»l kn-1+ k
M 1 t(i= 1,2, ) T :
Xl(ti) = b, Xl(ti-)> 0, i= 1,2, (3)

[x+ (ti;:| ~ [x(trﬂ
X" (ti - X(ti+

:D[X(tii] Li= 012 (4)
X(ti
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D = diag, [di](di= 1, i= 1,2, ,n,n+ 2, ,2n; dw1=- R).
t= 0, (0, t;)
x (t) = uy (1) (5)
u .oy () : (5, (1)
y + 2diag{Ew}y + diag{uf}y = F cos(wt+ o) (6)
w(@= 1,2, ,n) , & = rh),;:[f_Jz f_n]T =
(UM WFE. w= wi1- &, (6)
y (t) = diag{gi(t)}A + diag(hi(t)}B + P(t)cosd+ W(t)sind (7)
A ,B
(1) = [R(OBMH RMO], W) = [h(OR@OH U@
®(t) = Yoosat+ Pisinat, Ui(t) = Bioos ¥ sin at
y = (f - _uf)f _ 2&Wwf |
F W D @Een?  PT W wie Eew?
gi(t) = exp(- &wt)sin(wut), hi(t) = exp(- &wt)cos(wut)
(i= 1,2 ,n)
(7)
y (1) = diag{gi(t)}A + diag{hi()}B + P(t)cosd + W(t)sind (8
(7 (8 t=0, A,B y(0),y(0) . A,B (7, (8
(5
[x(tﬂ = UW (YU" 1[X(0ﬂ + UE(t)[o?sj (9)
x (t x (0 sin
2n X 2n U = diag{u u},
C[wa( le(t)] ~ [cb* 1 v (t)}
W) = [w () Wae(t’ = @ (1) (1) (10
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(M= [ROBGOH RO @O=[V@OLOH KO,
PW=®0- | L0+ h) ¥- LEo
'*xl/i,r (t) = wu('[) - [i"iflgi(t) + hi(t)] Bi+ ﬁxgi(t) (i: 1, 2, ,n)
W (t) = diag{&wgi(t)/(ua+ hi ()}
W 2 (t) = diag{gi(t)/(mi}
N /w N ,
x" (N n/wﬂ _ [X(O)}
[x* (N1 Lx(0) (1)
(4) (11) (9)
x(0)| _ 1t [oosj
[X(O):| = [I- DUW[ZNU_)ﬂ U ] DUE[Mﬂ & (12)
| 2n X 2n
S:[I- Duw[lﬂ U'l]-lDUE[ZNﬂ (13)
, S= [si] 2n x 2 , si(i= 1,2, N j= 1,2
C= Su, S= S, (12) (3
x1(0) = b= coos o+ ssin & (14)
i+ €= N . (19
.in = bs+ ¢ 2c2+252- bz’ 0s 5= be T o 2(:2+ 232- o8 (15)
c°+ s c+ s
(15) (12 xi(0)(i= 2,3, ,n) xi(0)(i= 1,2,
(9) . , (15)
M 1 ,  x1(0) < 0. , M 1
( )
x1(t) < b, O0< t< (16)

N , (16) ti= N /00 (16) (9)
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k ( k- 1 ) 2
t
2 N « ) ( )
Fig 2 Periodicmotion (solid line) and pertirbed motion (dashed line)
X (1) x (1)
t=  Sw. X1= b
0. x (t) k- 1 k
x (0) = x(0) + Ax (0) , >.<(o) = x(0) + Ax (0) (17)
£ = x(0+ A0, x(0)=x(0)+ Ax (0 (18)
, Ax:1(0) = Ax1(0) = 0.
zv= [ x2(0)A x3(0) A xa(0)Ax1(0)Ax2(0)  Axn(0)AS]" (19)
Ze1= [Ax2(0)Ax3(0) Axa(0)A x1(0)Ax2(0) Axn(0)AS]"
(9)
Ax (D] [Ax (o)] [ sinﬁ
[AX(J = UW (U - 1 Ax (0) + UE (1) 0SS AO+
[uw (DU 1[X(°ﬂ " UE(t)[OC_)Sj} At+ 0 () (20)
x (0 sin
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Z= |lf. @, (20
Ax (0 Ax (O - s
{ X,( ;] - Duw[m—ﬂu*[ x( )] + DUE[ZNJﬂ[ Smﬁ A S+
Ax (0 w Ax (0) w s o
: 0
D[Uw[m—'ﬂu*[x( )]+ UE[ZNJﬂ [@Sj}AH o (r?) (21)
w x (0) w sin
h® p - sin h®
DUW u*= [ (OJ ,DUE [ ﬁ = [ <1J
w p. H w s o H (22)
| x(0) s h®
D|UW U + UE . = @
w x (0 w sin H
h(O) h(l) h(z) Rl‘ pT p1 H ()] H (2 RZn- 1, H (0) R(Zn- 1)x (2n- 1)
(22) , Ax1(0) = 0, (21)
At= - ﬁjﬁ[ph(”]zw 0 (r?) (23)
AS = wAt+ AS, (21) (23)
Zw1= Gz + O(rd) (24)
CH H:(IEH @p . Hz(lgh(l)H @
= 1 @ @)
h(z)()qJ 1- h(z)h(l)
3 1 (1) (3) (4) M NS
(24)
31 Perron (4
31 G P(G) < 1, M NS N
g QCR,Q
(24)
Zwv1= GoZk+ AG (q)Zk + S(Zk,q) , q Q (26)

S(Zk,q) Z«
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Go  Schur (P(Go) < 1), L yapunov
GoPGo- P = - (27)
P. A B, O'(A) A A =B
aij = by; IA | A aij , lA |: [|aij|].
L= [%],
Yi= 58,8 = max |Agi (@) |} 6= max {8) (28)

1,2, ,2
1, 2

i=
=12 ,2n

IA

AG(Q) = As(@ |= . Ti= Z(7|PGo|+ [6IP|), I2= I[P T,

3 2™ GoSchur ,
€< [(P(T1) + 0([2))Y?- o(T1)]/0(T2) L & (29)
(26) .
31 32 32
32 Go Schur . (29 , M NS N
4
. =01, R=06 f2=0Q0,
SRR A
M = , K = (30)
0 -1 2
w b .
1) b= 0. w 12 24 26 3 , S?+ Cc?= p
(25) G, cw=12 24 36 , 1 2
3 3 .
2) w= 10, b (@2<b=<10), 1 .
(13) §+ ¢= 1 74355. , b [aQ2 10], 1 . b
= b= 0Q6, (25)
- Q177445 Q039713 - Q 070643 Q 345996
ez | Q 020169 Q 323905 Q 144022 - Q 213799
Q 262554 - 0 049062 - Q 179735 - Q 154322

Q 090393 Q 292730 0 161324 Q 112559

0 019349 Q 062658 Q 034531 Q 19605
Q 067327 Q 218037 0 120160 1 000000
Q 099814 Q 323237 Q 178136 Q 854205
Q 039599 Q 128237 Q 070672 Q 53048

|AG (b) | = , b [Q2 10]
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€= Q 313974. Go L yapunov (27) P, (29) €
= Q 343455. , 32 1 Q={b 02=<b=10}
4 b=02 06 10 (x1- xi1).
034 &=1.20__5=0.0 20 %=120
15 10 20 30 40 13 03
& 93b_w=240_ 5-00 _ L[5 o=240
E i
%- [ N __—
-~1.5 1 i 1 - . i
I 0 10 20 30 40 1;21.5 0.3
0.16[c =360 _5=0.0 12l a=360
[ a : @
~0.80 10 20 30 40 B T I—
time, ¢ displacement, ;

displacement., 2,

B3 AMEE (z1(t) — t) FAEE (21 — 1)
Fig.3 Periodic motions (z1(t) — t) and phase plane portrits (£; — =1)

0.7a o=1.00_ 5=02 25[a &
2.3 L ) A I I
0 10 20 30 40 L75 5.7
125 %=1.00 =06 H_ 3.0r% 5=06
A £
2
(5
| >
-3.0 L . L ~1.8 M
0 10 20 30 40 -3.0 1.2
1.8 o=1.00 =10 3.0 c.h@
-3.0 - - L Y| I
3% 10 20 30 40 “3.0 1.8
time, ¢ displacement, =,
4 (x1- 1) (x1- x1)

Fig 4 Periodic motions (x1 -

t) andphase plane portrits (x1- x1)
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PERIOD ICMOTIONSAND ROBUST STABIL ITY
OF THEM ULTI- DEGREE- OF- FREEDOM
SY STEM SW ITH CL EARANCES

Cao Dengging
(Institute o Applied M echanics, Southw est J iaotong U niversity, Chengdu 610031, China)
Shu Zhongzhou
(D gparment o Engineering M echanics, Southw est J iaotong U niversity, Chengdu 610031, China)

Abstract A n analysisispresented for detem ining the dynamical reponses for a classof mul-
ti-degree-of-freedom systensw ith clearances or gaps The systen's consist of linear compo-
nents, but themaximum digplacanent of one of themasses is Imited to a threshold value by a
rigidwall The system is uncoupled by using modal matrix approach Based on the mpacting
condition and thematching condition according to the mpact lav, w e have derived the periodic
motions and their stability conditions Then, applying theL yapunov method to the difference
equations of disturbancesof periodicmotions, the conditionsfor the robust stability of the m-
pact- vibrating system sw ith uncertain paraneters are obtained T he effectiveness of the pre-
sent approach is demonstrated by applying it to a two-degree-of-freedom system.

Key words multi-degree-of-freedom system, mpact-vibrating, periodic motion, stability, ro-
bust stability



