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Fig. 1 Global bifurcation diagram with multi-initial points
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Fig. 4 The stable and unstable manifolds of S(1)(continued)

TE 5 AT T AR o] LA S BOR M 5 | 9E
W 1, AN 75 TRl SR I R 2

AREEE/ v £ 0.587F, [&] 3 H k) JE L S(1) AN
TR S(2) [, RS AL, B 54
BT RS (XU LA Rgi. g 3 fE
5ALLER], Y r #idifi SE re € [0.587,0.588] K,
—FPE R B 4y R, X T RN AN
R R IR

1.0

0.5F

(] S
~15 —1.0

Bl 5 r = 05871 &5t (7) M4 M4k
Fig.5 Global structure of system (7) with= 0.587

M\ 0.5887/NE| 0.587 3, S(1) H#Eih K
GM RIEFE Ji5 11 2K, X6 I (1) 4 Jy 45 4 BRI R AL T T 5, i
2. M =r. ~ 058730, HFTHIENR] S(2) W]
BR4AEH (%0, Yo) = (-0.550,—0.203), F & S(1) ) 2 4%
YLzl DSLA DS2, 73 il THEIAU Y GM BIPR
M, HATLR AT 73798 (X0 + 0.05, yo) HT (%o — 0.05, o).
K6 45t 17X 3 45BN EIH T(T = 2n/w) W

BT I FEE, S &P T 1 IREEIAAT 1 IRAESE
DS1 HkET 1 kAbEE, DS2 K& T Uk, nf
WL 3 ZBUE M FMETUE A ). 3 RGikaE
PEER IS SN, 4810 E IR S(2) 6 TR sh DS
DS2, Xf MW As e AN, 7E 1 ¢k Poincardi i T,
XI5 DS, S(L) FIEEMRFE BRI 2 MR 2393 R
(1.122,0)F1 (0.26,0). #H N[, X THi5) DS2, S(1) 1
FEARHER 2 ANMFFIEAE 2300 (-9.19,0) #1 (—0.01, 0).
AT UL, BT LA T R A B 2 AR e

- impacting

grazing

A

6 r = 0.587 3 L S(1) I M 44E5)%L DS1HT DS2 1) [H]
il S R el P D ONE]

Fig.6 Time history portraits of period saddle S(1) and two perturbed

orbits DS1 and DS2 (= 0.587 3). The part in the lower right is a

local enlarger

2.2 FEHLIER: o £ 0

e KRB r = 0.95, % B R E S BENL
Iy SR, NI A R A b, RO BRI X 38
MU ={(x%:-15<x<4,-2< x< 2}, MKkl
h 300400, FEANEL 64 AN KAE ST, AN KAE 5 bl
BRI 10 K.

MR o = O, ZETHEXIE U WK 7(a) 2
N T 3AFEAEMINE S, 4350 B LR 51 AL,
JAW 3We 51 A2) FIEIA 4 51T AR). KA
YE—/N5 17 A(0), S(1)#% 7~ WadahiZi 4t B(0,1,2,3)
R, AE AQ2) A A3) IFIA AL B(2,3) LIRSS 1
AMRTNE S(2), ‘B 5 EHARIE GM BEAHAS, R T
S) & EIh . sAh, Bl 7(a) i) Wadafd il 5t
BARIELLN Il 53 s Wi 4 T3 i %
GM b, RIEA SRR T 230 R OGH .

MR o 35K%) 0.000 10, 51T A3) 5
TR S(2)MEE, 14 AR kAR T BRG] AGR) &



34 7 s

2 EiCd 2013 4 5§ 45 &

FOR 51 R — R 2%, 105 BRI S(2) etk
519 B(2) WK HRIRTESL, I 7(b). 18] 7(a) k5]
T AQ) KN E SHEILFE GM L i, RWiZL S
AR FFANE A5 3 1.

dzx/dt

215 —-1.0 —05 0 05 1.0

(c) o = 0.005

dz/dt

(d) o =001
7 AFIBEFSREE R RS (7) B4R 45

Fig. 7 Global structures of system (7) withfigirent noise intensity

* o = 0005 I, WS AR) HH 5]
75 PR S(2) Rl 1 5 B SRR I R A, TR
¥ S(2) ¥ MARE WS AQR) B —E o, W
Kl 7(c). A3k [18] 35K Lyapunov $5 4L
(MLE) HI¥FS 50, Wl A(2) XN MLE 2920
0.0098 R A2) JIRVEN 5T ME 7(b) F (c) AT
DLE R, Wenl+ AQR) SHLHTE GM KA T filffi,
T JE AW 51 A2) AR F A BhGE. 53— 51,
W S(2) 5HILIIE GM BEEAHAS, K IR
S) i E A IE, F 8RR ML S(2) 4T 4
S F A2) IS 1 ZEH, T S(2)F1 A2) H & AR
i, I OB (VRN 5 |-, n) WL, M m) LSS
FARRR A0, IR S BT AR I R A

o RGN E] 0.00 WL 7(d), WS 58|
TG AQ) F1AQR), PLEIL S S(L) YT #L
{RILHR M A SO B o (RE— 238, |
T AQ) FAQ) B 51l 5t b S(1) KAERERE, T
AR BRI |, XA FEOR.

34 18

ST E R U5, SR T R R S R Gl
I B EAE T ik, AESEHERS EATYE T S8 Duff-
ing LA RS R GE P INIAL S )5, 4321 145
w:

(L) Ol YRR 15 | - AP Vi A FL AT 3 I vk
EANTLRO S DL, XA BAELE R
BUR, WUE T BRI I BUEEIL ik A R

(2) WA HLFIE I TR I, 1E8 E ML T
T, BEREASHEAZL, RELDT 2 M



#o1

THER A R 3h 2R 28 Th B0 75 S IR R

35

A 59 LRI BELE T O ANREE i AL I
DI Al A BURGE ME R AR, i R
R HAR R A, IR AR RN 2 T 1
AN 1A Ay S R e, HoazlRi i R
A&k, RIVAR G BRAE. 55 2 MR IR A
BN AU SR UR W BYE 9 da 2 Al P
¥R E B S ARG B R A, S SR
EIRRT L ID AT 8

(3) Kt 1 A o L )AL, RGERAE T 34k 2 F
AR, PO IA AR IR S AR L BT A
517 54 5 R R, S E0ZR ST
LW R, B —ASH R, o —Fh
NBEL ST TR, RIS | 7k AL, 3EL
RG] S | N P (TR A R A R A, T
AR S| T

SCHR R 3L RUE ROEIE T VAR TR AR
LM R R GG I, i — DT ARk
PEREFEAR B R 48 P K50 75 5 2 & AR e 195 ).

%

2 % X B

1 B, e, B RGN ISR dbat: Bl

Hifii4t, 2004 (Luo Guanwei, Xie Jianhua. Period Motion and Bi-

furcations of Vibro-impact Systems. Beijing: Science Press, 2004

(in Chinese))

THENE, e, REm RS R 80 8 RRVE BT TRt g, o ik

J&, 2005, 35(4) 513-524 (Ding Wangcai, Xie Jianhua. Advances

of research on bifurcations and chaos in vibro-impact syst&ds.

vances in Mechani¢®005, 35(4) 513-524 (in Chinese))

3 GHRT, Wi MRS SR A BleEHikRAL, 2005 Jin
Dongping, Hu Haiyan. Vibration and Control of Collision. Beijing:
Science Press, 2005 (in Chinese))

4 Kunze M. Non-Smooth Dynamical Systems.
Verlag, 2000

5 &, BAE. ARG RS Lyapunov 80 (K755 7%
J1%5 47, 2005, 37(1) 40-47 (Jin Li, Lu Qishao. A method for

N

Berlin: Springer-

6 Leine RI, Nijmeijer H. Dynamics and Bifurcations in Non-Smooth
Mechanical Systems. Berlin: Springer-Verlag, 2004

7 di Bernardo M, Budd C, Champneys AR, et al. Piecewise-smooth
Dynamical Systems: Theory and Applications. London: Springer-
Verlag, 2007

8 ZaEHE. AN BN ) ARG R 6t 73 BT [ 11 3. bt
LR HIE IR K, 2007 (Qin Zhiying. Research on nonsmooth
bifurcations in nonsmooth dynamical systems. [PhD Thesis]. Bei-
jing: Beihang University, 2007 (in Chinese))

9 Piiroinen PT, Virgin LN, Champneys AR. Chaos and period-adding,
experimental and numerical verification of the grazing bifurcation.
Journal of Nonlinear Scienc@004, 14(4): 627-654

10 Hsu CS. Global analysis of dynamical systems using posets and di-
graphs.International Journal of Bifurcation and Chap$995, 5(4):
1085-1118

11 Hong L, Xu JX. Crises and Chaotic transients studied by the gener-
alized cell mapping digraph metho®hys Lett A 1999, 262(4-5):
361-375

12 BB, R, AR, FET SO WOAE A A ) P S vk, B
243, 2008, 57(7) 4021-4028 (He Qun, Xu Wei, Li Shuang, et al.
The digraph cell mapping based on composite cell spact Phys
Sin 2008, 57(7): 4021-4028 (in Chinese))

13 van der Spek JAW, de Hoon CAL, de Kraker A, et al. Application
of cell mapping methods to a discontinuous dynamic sysfdon-
linear Dynamics1994, 6(1): 87-99

14 ZefiE, sRIE. ARG RGBT VR VE. IR D) 2525,
2007, 28(1): 93-96 (Li Jian, Zhang Sijin. Cell-mapping computa-
tion method for non-smooth dynamical systei@finese Journal of
Solid Mechanics2007, 28(1): 93-96 (in Chinese))

15 Mason JF, Piiroinen PT. Interactions between global and grazing bi-
furcation in an impacting systen@haos 2011, 21(013113): 1-9

16 3, OB, ARG 0 R IR ML, )%,

2011, 43(3) 579-585 (Li Shuang, He Qun. The iterative digraph
cell mapping method of non-smooth dynamical systef@ibinese
Journal of Theoretical and Applied Mechanj011, 43(3) 579-
585 (in Chinese))

17 Gun CB, Lei H. Stochastic dynamical analysis of a kind of Vibro-
impact system under multiple harmonic and random excitations.
Journal of Sound and Vibratior2011, 330: 2174-2184

calculating the spectrum of Lyapunov exponents of non-smooth dy- 18 Feng JQ, Xu W. Analysis of bifurcations for non-linear stochastic

namical systemsActa Mechanica Siniga2005, 37(1): 40-47 (in
Chinese))

non-smooth vibro-impact system via top Lyapunov expondg-
plied Mathematics and Computatio?009, 213: 577-586

(Frixsds: AAX)



36 i EiCd 2013 4 5§ 45 &

4k
g3

GRAZING-INDUCED CHAOSTIC CRISIS FOR PERIODIC ORBITS IN
VIBRO-IMPACT SYSTEMS Y

Feng Jingiah? Xu Wei'
*(School of SciengeXi'an Polytechnic University Xi'an 710048 China)
f(College of ScienceNorthwestern Polytechnical UniversityXi'an 710072 China)

Abstract A numerical approximation of grazing manifold is proposed via the digraph cell mapping method. The global
dynamics of grazing-induced crisis for a typical fBng vibro-impact system are then investigated. The results reveal
that, the singularity caused by the grazing nature of periodic orbits can induce a bifurcation where a periodic saddle and :
chaotic saddle arise simultaneously. When the stable and unstable manifolds of the periodic saddle undergo the tangenc
a boundary crisis occurs and a chaotic attractor is then brought from the chaotic saddle. Also, grazing phenomenon o
periodic orbits induced by noise can be observed. This grazing phenomenon can induce a novel interior crisis, where :
chaotic attractor arises due to the collision of this periodic attractor and the chaotic saddle.

Key words vibro-impact system, grazing manifold, grazing-induced crisis, digraph cell mapping
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