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X+ By = feos( ©t)* (1)
x = xo 20 , 1o
Vi=— 1V, (2)
r 0< r< 1, Vo= x¥1w), Vo= 2%10), 0 10
(1)
x(t)= Acos[ Wyt — to):|+ Bcos[ Wyt — to)] + fYcos( Wt) (3)
v= (03— o)t
2Xt) = Awncos[ @t~ to)] = Bosin[ @(t- to)] - fYosin( @iz)
D) ('L)la (J)29f *
(m,n)_ > m , n T ,m, n
) (Ln)_ > n * Whiston' *'"
n .
to X = X0 , Voo x(t0) = xo,
xa{f(r)) =—rV_

x0= B+ fYcos( Wiip),
- Vo= A®y— fYWsin( Wrtp)

A=- (rV-= fywSo)/ @2, B= x0- f¥Co, (4)
So= sin( @Wtg), Co= cos( @ity) * (4) (3 .
x(t, to, x0) == L(rV-— fyo180)/ ] sin[ @2(1- 10)] +
(x0— fY¥Co)cosl @(t— to)] + fYcos( wir)e (5)
n . t= 2nT/ 01+ ¢y X = x0,

x0 = fYCo+ Cn(x0— f¥Co)— Su(rV-— fYW1S0)/ w2,
V_= fwaSo— Snwz(xo—fYCO) - Cn(rV-_wa]SO) ¢

C (1+ r)SV_+ 2x09(1- C,) s (= 1+ r)V.
0= 0=

Yy (1- C,) g v, (6)
Sn = sin(2nTw2/ ), Cn = cos(2nTw/ ©1) *
St+ Ci=1
aVl+ bV_+ c= 0, (7)

a= (1+ r)?olsi+ &3(— 1+ r)%(1- C,)%
b= dxowiol+ r)Su(1- C.),
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¢ = 4(xo- V) wioi(1- C,)°e
V- (7)

yo_ —b+e A o = b= A

2a 2a ’ (8)

A= b= dac = 166G a1 r)PS3(1- €)=
(xo- f2¥)(1= C)2Lol(14 r)’Sh+ (= 14 r)’(1- (;n)ﬂ}. (9)

W, &, f,r> 0 xo 20 (5) x(t, to, x0)

(i) Vo> 0, (i) x(t,t0, x0) < x0 (Vi € (to, to+ 20T/ ©y))

, x(t, to, x0) (1) n
A , 0 <xo< f1 YI, A2lbI, vV 20, v <o
0 S<xo< f1 Yl , VIV 0, x(t, to, x0) < o, Vit
€ (1, to+ 2nTV o) n, (1) n .
(to, to+ nl') (T = 20/ w1 ), x(t, 10 x0) < %0
n . s Shaw!
1-— T
1 yi( T = e (0,1 (7,2 .
- s T
W _ L=l (v1€ (0m Urmom), :
dT sin® T
- T
2 y(m= 152 mo T TE(0w2 Umaom
(iy =Tt (vTE 0wy (10)
sinT an ’ :
1— cosT
T T .
(i) —Q; 7 > tan (VTE (32,2m)) (11)
sin? T= 1- cos’T> cosT— cos®®  TE (0,7/2)( 37/2,2m),
sinTeos T> 0 < 0), (10) ( (11))e
2 JTw 1_ n . .
3 T,= % u(T) = snc sinT+ cosT (TE(0,7T,)), S, = sinT,,

C,= cosT,, :
(i) T, €(0mW2) ,u(T>1 (TE(T)):
(ily T, €(wW2m ,u(h>1 (TE(0,T))e
(i) T, €E(mM3IV2) ,-1< u(T< 1 (TE(MT))*
(ivy T €(3w22m) ,0< u(T)< 1 (TE(3W2 T))
(i) TEwW2 ., T
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1— C, Cn— 1
W (T) = —g —cosT— sinT, u'(T) = —5 sinT-cosT  (TE(0T))"
T= T’* € (0, T,), (T )= 0,ud (T )< 0, T= T u(T)
. uw(0) = uw(T,) =1, u(T)> ,(VTE(0T,))"
(i) T, €(m2,m), (0, )= (0,w2) U(w2 T,), w(T)> 1
TE(0,W2] . Lyi(T) (0,1 , T, € (W2,
M), yi(T)> yi(W2), (1= C.)/S,> 1° VT E (0,72,
u(T) > sinT+ cosT >1-
TE (W2 T,) .
Cn ScosT< 0 sinT> S, > 0,
,u(T) = (1= C)sinV/Sp+ cosT> 1—- Cp+ cos(T) >1
. L E(wam u(t > 1 :
(iy T, €(m3w2 , TE(LT),
- 1< S =snT, < snT< 0 —-1< cosT< cosT,= C,< 0,
w(T) >— 1¢ .
w(T) = (1= Cn) S;“ + cosT< (1= C)+ cosT=
I- (Ch= cosT) < 1,
1< u(T< 1 (VIE(MT):
(ivy T, €(3w2,2m), TE (3W2 T),
- 1< sinT< §,< 0, 0< cosT< Cy< 1°
w(T)>0 (VTE (32 T,)):"
, TEBW2LT), W(T>0 W (T) 20
T € (32 T, (T )= 0, W ()
1- C. .«
S cosT — sinT = 0,
T _ sinTi _ 1- Cn'
tan osT S, (12)
— T
y(T= =S e a1 :
1— cosT 1-cosT, 1- C,
snT < snT = 5. (VT E (32, T))
2( i) . (12 . ., TEBW2LT) u(T #0
T= T,
4 —_ n . 1_ n
u(T'l)z ISnC COS-EVL_ S]n-l.—n:— SnC > 09
, TE€E@Bw2T) | (> 0 w(T) (3V2T,)

u(T)< u(T) = I_S C”sin'l;l+ cos b, = 1 (VTE(3TV2, T.)),

TEMBW2LT), 0< u(T) < I .
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’ (1) n
1 xo= K1 YI,(k€[0,1))e W) ) n €(0, o1/4w) U
((*)1/4(02, (1)1/2(*)2) , (1) n *
x(t, to, x0) < O( Vi € to, to+ 2nI ©)
(6) (5
x(t)=- 12+w2r V- {sm[ Wt - to):|+ 1_Sn'Cncos|: Wt — to)]}+ S Ycos( @1t) *
(13)
(7) o "+ oo
a= m%[(1+ r)Sh+ 0(@1 )] (14)
(8) (9 (14 . o+ o |
_ | Y1 @(l= CJ)(1- k _
V-= bztzJ_A: . Y(l(f(r) | Sn,)|( Leogar) (15)
(15) (13) w 4+ oo
x(t)= [ Yl{—( k)|:| S lsm[ Wyt - to)] + | g:lcos[(*b(t— to)]}+
sign( ¥)cos( @it) + O( 9 )} . (16)
0< n< w/4e, w/4o< n< ©/20, (T, €(0,2) Um/2,m), 3(i),
(i) . 1€ (1, to+ 203V o)( L T= o(t- 1) €(0,T,))
ljgncnsin[ Wt~ t0)] + cos Ot = t0)] > 1e (17)
| cos( @) | <1, o E€J0,1) , ¢t € (to, to+ 2nT @),

(16) (17)
x(t)< K1 ¥Yl= xo°

2 xo= K1 Yl (k€J0,1)), o k , n € (/2w
+ 1,3w/4w,), (1) n *
n € (w/2w0m,3w/4e,) (T, € (M 3W2)), 3(ii) .t € (to+
T/ @, 0+ 20T o) ( ,TE(MT))
- 1< 1; C"sin[ Wyt = 10)] + cos| Ot - to)] < 1e (18)
, cosT< 0,5,< O (16) W )
x(t)= fI Yl{(l— k)|: 5 sm[ W (t— to)] + cos| @t - lo)]]
sign( Y)cos( @it) + O( 9 2)} . (19)
t  to to+ 20Tt sinT cosT (0, m)

(‘Ol ’ > o 0)1
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2nTw, Wy
; cos( @it) n , n ( o " ) Mo, 21,
n (14 % . costont) 1 € (to+ W oy, o+ 20T @) [~ 1,1]
. (18), k , 1" € (to+ T/ @y, 1o+ 20T/ ©y),
COS(wlt*)
1- Cn . * *
(1- k)[ S sm[wz(t - to):|+ COS[(‘O2('5 - to)]]+
sing( Y)cos( @1t ) > k*
(19 ,
x(t )> i1 Yi= xoe
(to, to+ 2nIV W) , (1) n
36 ®
3 xo= K1 Y, E€E[0 1), o , nE[E+1,;g,
(1) n .
n € %‘*‘ 1, % ( T, €(3m2,2m)), 3(iv) € (to+ IV2w,,
to+ 2nTV 1) ( ,TE (32, T))
1_ n .
0< S—Csm[ Wyt — to):|+ cos[ (- to)] < 1°
2nlte; 3m 3y
2, n [ o - 2] Mo, 2L n>[1+ 4%}, k€ro1)
S [t0+ 23—(1 1o+ %T , cos( @t )

(1- k)[l_s Coinl Wt — 10)]+ cos| oot - to)]}+

sing( ¥)cos( ot )> ke

(19) o (' )> xe )
n . .
R 3 “k 7 . , n> 0/ |
5 n )
1.2
) y 1
2 .
1 , . r=08f =6 0=
2.1, o= 1,x0= 0.00388797, n= 1,2 -.,10 , n € (0, o/4w,)e 1(a) (¢ (e)
3 Poincar 0 1(b) (d) (f)

8 Poincar R Poincar L= to ° ,

nT , 1
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(& n= 3 (f) n= 8
1 n Poi ncar
2 n , , [13 2 ,
2 n o
2, r=08f=60=1wvu=1 n= 11,12 .,15 , n€(0/2w
+ 1,30/40,)¢ 2(a) (b) xo= 0.014 788 12 .
12 , 2 .
2
(1 , Poincar .
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Poincar 2(1) (1) °
Poincar ( )
) ; Poincar
; ’ [11, 12]+ )
Poincar , .
) Poin car .
s Poincar . p:27
Poincar , Poincar % X Y= P(X),
Poincar
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0.
:
x
(a) (b)
2 n
Z:{(x,x?‘P)ERXRXS|x: X0, > @: R xS,
P= ¢(modT,), Th= 20T/ @, S ¢ . m,
PU(X)=X, X P" . P =peprh : (m,n)_
P" . m= 1, n P
X_= (i2,V )€ = P . P(XZ)= XxI, P XZ
Jacobi . , P P1 P (tf,[/f) (t:a
Vi) . O Pu(lL, V) T (T ) . Pu(tr,
Vo) Tl V) . SVe= oV,
1= tf, P Jacobi
-r 0
Dpr = . 20
3 {O J (0)
P> Jacobi , :

x(t,Xe ) = A(X+ )sinl @t = 13 )]+ B(X+ )cosl @t~ 1 )]+ f¥cos( @it) ,
V(t, X7 ) = A(X{ ) @cosl o2(1- 1+ )] -
B(X! ) osinl @2t~ 1 )] - f¥sin( @),
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oV/oVe OV/0t: | | an 2
Dy = 20Vt : N (21)
2 0(Vity) ot/ 0V, 0t/ 01, az ax»

an = (0V) N ¥lSCo+ Gl SI(Vi+ fYaSo) + C(V+ szn(xo-fYCO))]} :

ap = (wzl/)'l f 2ya3CiCs, + fYCO{— f(*)%CuSz+ 0)2[ W3 CIVL + S%( Vi + SY@1S0) x
(Oi— )+ Ci(x0Si( Wi— 263)+ V( oi- 2<»%))]}+ ﬁ)z{— %063 CVi +
028, L Vi + xo(fYOlCu+ @S Vi+ fyoSo))) - ¢, LfYetC,vi+
o= w0+ Sif Vi % froiSoVi - x303))]}

axn=- S/ OV, an=- (Q)zV)_l[ (= CiVi+ x0@2S,) - fCoS] |

Si= sin[ @(t- t0)], G = cos @a(t- to)],

Su= sin(wt), Cy= cos( 1t)*

P= P,° P, Jacobi

— raz ax

° — rain a2
Dp = Dp2 DP1: * (22)

X+ BA+ b= 0, (3)

M= (- B+ [B—4any/2 N= (- B- [B- 4n)/2,

B= ran- an, U= r(anan- anan) *

N, A, : | A< 1(i= 1,2)
; I N> 1, .
r=0.8f=6 0= 401,  or e
0= L= 0, n= 1 20 : -
n * n § 3000 ...
3 . 3.1 % e
<20 , 1 AMupax> 1, n 100 ',.
; n=20 .1 Mux= 0.8< 1, .
n . n> 20 0 [ 10 15 20
n 2 3 "
. , 3 n
) n, R , Nord
k[11,13] .
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Coexisting Periodic Orbits in Vibro Impacting
Dynamical Systems

LI Qun hong, LU Qi_shao
(Shool of Science, Beijing University of Aeronautics and Astronautics,

Beijing 100083, P.R. China)

Abstract: A method is presented to seek for coexisting periodic orbits which may be stable or unsta-
ble in piecewise_linear vibro impacting systems. The conditions for coexistence of single impact peri-
odic orbits are derived, and in particular, it is investigated in details how to assure that no other im-
pacts will happen in an evolution period of a single impact periodic motion. Furthermore, some criteria
for nonexistence of single impad periodic orbits with specific periods are also established. Finally, the
stability of coexisting periodic orbits is discussed, and the corresponding computation formmla is giv-

en. Examples of numerica simulation are in good agreement with the theoretic analysis.

Key words: vibro_impad system; periodic orbit; existence; stability



