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Abstract

This paper studies the stability of periodic solution for a class of second-order differentiable can-

NEGIM: EEE, RER, KE. —RBENLIL S RIEL R EE R G WS s AR e M AT ], R e it e,
2022, 11(4): 1567-1577. DOI: 10.12677/aam.2022.114171


http://www.hanspub.org/journal/aam
https://doi.org/10.12677/aam.2022.114171
https://doi.org/10.12677/aam.2022.114171
http://www.hanspub.org

tilever beam system with rigid and random constraints. The saltatory matrix is presented by de-
ducing the random zero-time discontinuous mapping with parameters. The random linearization
matrix is obtained by combining the saltatory matrix and the fundamental solution matrix of
smooth flow mapping. Based on the random linearization matrix, the influence of stochastic con-
straints on the system stability is discussed, and the doubling bifurcation phenomenon after the
instability of the periodic solution is further investigated. The validity of the theory is verified by
numerical simulations.
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Figure 1. Stochastic constrained two-degree-of-freedom
cantilever beam system
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Figure 2. Schematic diagram of local discontinuous mapping

& 2. B EHAHEMNEL HER E LR R B E

TR, B (1), IRy I X, R ] 4 5 R B o O R
LORTET S KA X, W0 2 BT SRR UM, B4 X, = D(X, u) , PRI, 5
P Xy o M X BV S AR BB IR 6 (B4 5 TRER S0, WS SIiABENLL AT S BT 7 2
(R At
B HFEER(6( Koo pt) ut) FE U=t ATt RHDRTFEL—Bh
(

(12)

=7, (6)+ (e (X7 )R-V (1)) (t-t,) +hot

DOI: 10.12677/aam.2022.114171 1573 IR Esid


https://doi.org/10.12677/aam.2022.114171

R X = g(Xo t)) o FORA X R . (EQ2)20h 8 2k, T
At = 2(t) (13)

hy ()zf’ﬂ) R -V (tl)
N SRR . N X, R, AN JE A P A A -
H(Xo,1.T) = $(R(4(Xo 1), ast) T —t) (14)
OB HRF T € S P [ T A — AN B AL AR B, Pt =t( X, ) TR M X, BIBEHLL A S P77 B o),
AU K HRA:
t(Xo pt) =t +5 +At (15)

HRPEH H) ¢ R 20(15), (14) AT LS A
#(Xoo . T)= ¢(¢(¢(R(¢(¢(¢(Xo:ﬂ:ta),ﬂﬁ),ﬂ,m),u,t),y,—At),y,—5),y,T _tl) (16)
NG R ANE SR T O

#(Xor . T) = ¢(D(¢(Xoup2.t), 1), 11T =1, (17)
R AE S
D(X,,u)=¢(¢<R(¢(¢(X,y,5),y,At),y,t),u,—At),y,—é‘) (18)
AE(X,u)=5+At, (18)AI5N:
D(X,,u)=¢(R(¢(X,,u,f(X,,u)),,u,t),,u,—f(x,,u)> (19)
15D (X, ) KF XSRS, FHRHL -1, %:0, %k, WU,
D><(x!,u):Rx(Xlnﬂ)"'(Rt(xluu)"'Rx(Xluu)Fl_Fz)fx (X, u) (20)
X AR, B
Dx(il*u”*)sz ()zl*xﬂ*)"'(Rt()zl*vﬂ*)‘FRx(vaﬂ*)Fl*_Fz*)fx(il*u”*) (21)

KB F R, 4008 X R X A
FEQUR T A G, (K], o) ISR AN, T FRARERX. ¢ B X A G,
€= (X, 1) WA AEFTRE R (p( X, p0t), at) = O FURE, 1A BR B0 A 51

B (X ) = (22)

Dy )?1 =Ry (X, E—— 23
(X5 a) = R (X5, ) e (] () (22)
MTEANE] 2T X = X Ak B AL 1 A R

B (Xoo.T) = 8y (X5, 6T =)Dy (X7, ") (X 1) (24)

DOI: 10.12677/aam.2022.114171 1574 IR Esid


https://doi.org/10.12677/aam.2022.114171

HRAE SCIR[18], (24) AR 6 (XKoo a0t) = D (4) by (X5, 0T —t) = (T —1,)

AR I HE R4 A R 1o BT UK B U R AR (AR e M Stk — B I 25T .

R 1. BB AR I, R S0(3) R (4)AH ML & S5 BE AL Poincaré BT (1) 26 ME ALy«

¢X()Zo,,u,T)=CD(T _H)Dx(ifaﬂ*)q)('ﬁ) (25)

5. #{ERR

WAL — B Hm=22, K,=K,,=-02, K,=8, £=02, w=22, R=08, LI d
VE N SRR EE RGN E M. I ENE REANS) FAL ML NEAFERE[18], i HE 5,
Md=d" =1.0738483, ZRMEALKEREIIRFAEE 235

2,(d")=-1.00000084 , 4,(d")=-0.20472910, 4, (d")=0.37149808+0.42450952i

MU ARG T 2

T P 2R SE BT o A 94 2 B FE] 3(a), MAPEITR AT LA Y, 244124 d EIX A (1.05,1.0738)
AR, e m B RER R 1-1 1830 4 d BEE RS s d =d i, FiEem RARS RS,
BEANRSE R 2-2 i83h: A d BE— PR, i m KSR AERE AR, BRI 4-4 383, &
LG AR IEZ ) .

0 0
-0.2 -0.2
.-:‘:‘.F; .-:ﬁ:
-0.4 a -0.4 :?
:__.° ':f ....-' 'S{.
-0.6 2 oop 0.6 = dal
- / -W.E:E - / \}i,g
-0.8 L R -0.8
’ﬂ”.‘—"‘" \\_\-”# '-:,l:l /‘ “\\-‘. ..d"'.' .'%-
-1 . 3 R -1+ " £
12 I. -1.2 \q‘i
14 . . . L .
1.06 1.08 1.1 1.12 1.06 1.08 1.1 1.12
d d
(a) (b)
-0.2 . . 0
-0.4

A

-0.6

-0.8

T,
Pt AT

1

.
N AR B
N

-1.2

L L _14 L L
1.06 1.08 11 1.06 1.08 1.1 1.12
d d

(c) (d)

Figure 3. (a) Bifurcation diagram of deterministic system; (b) Bifurcation diagram when o =1; (c) Bifurcation diagram
when o =2.5; (d) Bifurcation diagram when o =3.5

E 3. (a) HEMRRNIRE; () o=1RRENRE; () c=25RAKNRE; (d) c=35HAGZNEE

DOI: 10.12677/aam.2022.114171 1575 IR Esid


https://doi.org/10.12677/aam.2022.114171

ER

BRI R LZ A T A RS CLRIEE d N S8 21, Wi BEENIsI R o =1, Wl
3(b), SIS FENLT-HOX RSEN 0 2 AN 2 . HEORBENLILEN R, anlal 3(c) i 3(d), st ml LA 2
o R A T WAL, BENLT I S EUARSUI 7 & Bl i E B0 AR BONHR, R, s R
ORI, #i5E F G S 7 5 s 8 BRAE B 0 8 e BRI AR 93 % DX T

AL 3(c) A 3(d)FFEASRETE M LI 22 BIBEHL L HON R GRS E PRI, R REROMI L 21 7 77 X
), R, R 1 R BE LA AR R (25) K WL 2 LR, LS 1.

Table 1. Eigenvalue data corresponding to “on the unit circle” when d =1.0738483
F2 1. d=1.0738483 Bixf [z “BfUE E” AUFFEERIE

= t=T/2 t=3T/2 t=5T/2

o=1 2, =—1.04420589 2, =—1.07215364 A, =-1.02823912
c=25 2, =-0.95207813 2, = 155057749 A, = —1.32455805
c=35 2, =-1.08121779 J, =—2.25096336 A, = —-1.45147456

TELNMEACFERE(25) A7 B AL S AR AL H B2, LEAL DL R Lo A AL s 2 rh o il AR T 6 =T /2.,
t=3T/2, t=5T/2HUE, RHEFAN d =1.0738483 I A FEFEHLPLSINE FRIRHEE, W& 1, FIH TR
GUIEAE RN B RORRIEAE . SR IRHEE R I, (R MRS, SMEt RS, b
HBENIRBN R BERISG N, REAE(E S ARTEAE SRR A, BRABSA VA E AR N o T T AR [RJ 5 t = 3T /2
I, SR A FEREE SR E N BN E BRS8N REE, Wk 2, dE— D WERHEE A . BRI,
fEd =1.070 M1d =1.072, BEHLILENREN o =1 RRAEAEVEAE AL P, BENLIRS) R E G R, RHE
EVEAE BAAL A AN T IEHE B AL, f£d =1.074, d =1.076 A1 d =1.078 I}, AL/ AL RSN, I
B BENLR SRR, RRAEAARE 2 B BBOkBRIE , AR, RGN A T NIRRT .

Table 2. Eigenvalue data corresponding to “on the unit circle” under different clearance parameters
2. TEIERSH TR “BARE" A EERE

t:3T/2 d =1.070 d=1.072 d=1.074 d =1.076 d=1.078
o=1 A, =-0.95834543 A, =-0.94886642 A, =-1.00725460 A, =-1.07381880 A, =-1.06769502
o=15 A, =-1.00161960 A, =-1.01224737 A, =-1.02952835 A, =-1.09933943 A, =-1.05862038
o=2 A, =-1.05786884 A, =-1.15283456 A, =-1.16418195 A, =-1.26534072 A, =-1.43574075
o=25 A, =-1.23593425 A, =-1.26714600 A, =-1.57504253 A, =-1.39731027 A, =-1.41419391
6. 45

AICHET T 2K 2 Bl S BME R ZRENUL R, SR T B AR MR B o)A, AR SR IEA BT T —
KEEHUL A LR — A B R ARG EN. AR RGBS S8 T BNt
Weo T2 RN E 1 IR A A A A0 O3 20 (0 00 20 o IR LU e M R SR 0 00 2 B A AN RIS B
MIBENL AR SR 72 & L R ILBENL D & AN RIS I I, BB RIS R R R, RGN AT N
SEHTAR A, 73 BEIZHE IR, 0 7 REHHEA 0 7 X 8] o ARSI FE 07 2 w] BT B e A
B e VESR AL — 2 1 D

DOI: 10.12677/aam.2022.114171 1576 IR Esid


https://doi.org/10.12677/aam.2022.114171

E&WmE

AW RAARE K B RR AL 4 (11872264) I BE B, 78 EAE 2 om 200 R

&5k

(1]
[2]

(3]

(4]
[5]
(6]

(7]

(8]
[9]
[10]

[11]

[12]
[13]

[14]

[15]

[16]

[17]
[18]

Qian, J.M. and Chen, L.C. (2021) Stochastic P-Bifurcation Analysis of a Novel Type of Unilateral Vibro-Impact Vi-
bration System. Chaos, Solitons & Fractals, 149, Article ID: 111112. https://doi.org/10.1016/j.cha0s.2021.111112

Qi, W.C. and Qiu, Z.P. (2012) A Collocation Interval Analysis Method for Interval Structural Parameters and Stochas-
tic Excitation. Science China Physics, Mechanics and Astronomy, 55, 66-77.
https://doi.org/10.1007/s11433-011-4570-z

Feng, C.S. and Zhu, W.Q. (2008) Stochastic Optimal Control of Strongly Nonlinear Systems under Wild-Band Ran-
dom Excitation with Actuator Saturation. Acta Mechanica Solida Sinica, 21, 116-126.
https://doi.org/10.1007/s10338-008-0815-4

Feng, J.Q., Xu, W. and Wang, R. (2008) Stochastic Responses of Vibro-Impact Duffing Oscillator Excited by Additive
Gaussian Noise. Journal of Sound and Vibration, 309, 730-738. https://doi.org/10.1016/j.jsv.2007.07.070

Feng, J.Q. and Liu, J. (2015) Chaotic Dynamics of the Vibro-Impact System under Bounded Noise Perturbation. Chaos,
Solitons & Fractals, 73, 10-16. https://doi.org/10.1016/j.chaos.2015.01.003

Li, C., Xu, W., Feng, J.Q. and Wang, L. (2013) Response Probability Density Functions of Duffing-Vander Pol Vi-
bro-Impact System under Correlated Gaussian White Noise Excitations. Physica A: Statistical Mechanics and Its Ap-
plications, 392, 1269-1279. https://doi.org/10.1016/j.physa.2012.11.053

Rong, HW., Wang, X.D., Luo, Q.Z., Xu, W. and Fang, T. (2011) Subharmonic Response of Single-Degree-of-Freedom Li-
near Vibro-Impact System to Narrow-Band Random Excitation. Applied Mathematics and Mechanics, 32, Article No. 1159.
https://doi.org/10.1007/s10483-011-1489-x

Fang, T., Leng, X.L. and Song, C.Q. (2003) Chebyshev Polynomial Approximation for Dynamical Response Problem
of Random System. Journal of Sound and Vibration, 266, 198-206. https://doi.org/10.1016/S0022-460X(03)00040-3

Simpson, D.J.W., Hogan, S.J. and Kuske, R. (2018) Stochastic Regular Grazing Bifurcations. SIAM Journal on Ap-
plied Dynamical Systems, 12, 533-559. https://doi.org/10.1137/120884286

Simpson, D.J. and Kuske, R. (2015) Stochastic Perturbations of Periodic Orbits with Sliding. Journal of Nonlinear
Science, 25, 967-1014. https://doi.org/10.1007/s00332-015-9248-7

Simpson, D.J. and Kuske, R. (2016) The Influence of Localized Randomness on Regular Grazing Bifurcations with
Applications to Impacting Dynamics. Journal of Vibration and Control, 24, 407-426.
https://doi.org/10.1177/1077546316642054

Staunton, E.J. and Piiroinen, P.T. (2020) Estimating the Dynamics of Systems with Noisy Boundaries. Nonlinear
Analysis: Hybrid Systems, 36, Article 1D: 100863. https://doi.org/10.1016/j.nahs.2020.100863

Staunton, E.J. and Piiroinen, P.T. (2020) Discontinuity Mappings for Stochastic Non-Smooth Systems. Physica D:
Nonlinear Phenomena, 406, Article 1D: 132405. https://doi.org/10.1016/j.physd.2020.132405

Zhang, X.F. and Yuan, R. (2021) A Stochastic Chemostat Model with Mean-Reverting Ornstein-Uhlenbeck Process
and Monod-Haldane Response Function. Applied Mathematics and Computation, 394, Article ID: 125833.
https://doi.org/10.1016/j.amc.2020.125833

Riccardo, B., loannis, K. and Gianluca, F. (2021) Moment-Matching Approximations for Stochastic Sums in
Non-Gaussian Ornstein-Uhlenbeck Models. Insurance: Mathematics and Economics, 96, 232-247.
https://doi.org/10.1016/j.insmatheco.2020.12.002

Barbarra, B.O., Krzysztof, C. and Tomasz, K. (2010) The Effect of Discretization on the Numerical Simulation of the
Vibrations of the Impacting Cantilever Beam. Communications in Nonlinear Science and Numerical Simulation, 15,
3073-3090. https://doi.org/10.1016/j.cnsns.2009.10.003

Oksendal, B. (2013) Stochastic Differential Equations: An Introduction with Applications. Springer, Berlin.
TREAR. B3 ) RG> W FU[D]: [EE=A 000 50]. ARAR: P RS A8 K, 2008,

DOI: 10.12677/aam.2022.114171 1577 AR A

il


https://doi.org/10.12677/aam.2022.114171
https://doi.org/10.1016/j.chaos.2021.111112
https://doi.org/10.1007/s11433-011-4570-z
https://doi.org/10.1007/s10338-008-0815-4
https://doi.org/10.1016/j.jsv.2007.07.070
https://doi.org/10.1016/j.chaos.2015.01.003
https://doi.org/10.1016/j.physa.2012.11.053
https://doi.org/10.1007/s10483-011-1489-x
https://doi.org/10.1016/S0022-460X(03)00040-3
https://doi.org/10.1137/120884286
https://doi.org/10.1007/s00332-015-9248-7
https://doi.org/10.1177/1077546316642054
https://doi.org/10.1016/j.nahs.2020.100863
https://doi.org/10.1016/j.physd.2020.132405
https://doi.org/10.1016/j.amc.2020.125833
https://doi.org/10.1016/j.insmatheco.2020.12.002
https://doi.org/10.1016/j.cnsns.2009.10.003

	一类随机边界刚性约束悬臂梁系统周期运动的稳定性分析
	摘  要
	关键词
	Stability Analysis of Periodic Motion for a Class of Cantilever Beam System with Rigid and Random Constraints
	Abstract
	Keywords
	1. 引言
	2. 随机边界约束两自由度悬臂梁系统的动力学方程及横截周期运动
	2.1. 力学模型和动力学方程
	2.2. 横截周期运动

	3. 一类二阶可微的随机过程
	4. 随机线性化矩阵
	5. 数值模拟
	6. 结论
	基金项目
	参考文献

