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ABSTRACT

The stability of nonlinear stochastic dynamicaltegsis a theoretically prominent problem, as bfigreat
theoretical and practical significance to many ectg in reality. Firstly, the author established Hasic
formula. Secondly, he researches the stability thedf non-linear stochastic dynamical system, and
discusses the stability criterion of null solutistability and nonlinear stochastic dynamic systEmally,

he conducts numerical simulation analysis for kosetesponse and stability status of engineer tsires
under seismic conditions. The simulation results/fges theoretical basis for the promotion of eguitike
resistance of engineer structures.
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by stochastic variables with some statistical
properties, so the number of the third categoties
At present, the application of nonlinearIargest. Due to the increasing demand for precision
! ' ) ) and accuracy of actual model, stochastic system,
dynamical system theory in the fields of

mathematics. ohvsics. mechanics. and economieSpeCia”y those with stochastic parameters have
» PNysICs, ' fRen applied more widely to describe the dynamic

has become hot spot in fopus. Therefore,_ it ils lationship between various objects[5]
necessary to get to know the internal mechanism of '

power system nonlinear phenomena in order to The 20th century has witnessed the booming of
conduct theoretical analysis and numerical analysistability theories. Lasalle proposed the Lasalle
But many problems remain to be solved due to thHavariance theory based on Lyapunov’s stability
complicity of non-linear systems[l]. At presenttheory and Birkhoff's invariant set. More than 50
researchers put much emphasis on phenomenonyefirs ago, with the introduction of stochastic
definite systems. In fact, it is unavoidable thatstn integral by It6, stability theory of stochastic
systems are subject to the interference of stochastlynamic system has also experienced rapid
noises, and definite system is idealized systeus thdevelopment, but theoretical results about the
stochastic systems could reveal the natural laves instability of nonlinear stochastic dynamic systems
more deepgoing and truer way[2]. Many researchese still far from enough, especially those with
prove that noise could determine the evolution dftochastic parameters. The stochastic dynamical
system due to the interactions in between, whickystems with some known statistics information are
probably totally destroy system structures, omuch closer to actual models, thus their stability
engender the system in order instead. Therefore,siudy is of great practical and theoretical
is necessary to get profound understanding of tlsgnificance and deserves more attention[6]. The
internal mechanism of nonlinear stochastiexisting methods to deal with stochastic dynamical
phenomena and movement patterns, so as to leadystems with stochastic parameters include: Monte
to a favorable direction. It is a research of greafarlo method, which is easy and widely adopted
scientific significance and practical guidanceébut time consuming; stochastic finite element
value[3]. method, which is time saving, but on the premise
at the stochastic variable is small; and ortimado
lynomial approximation method based on
rthogonal polynomial expansion theory, which is

1. INTRODUCTION

The existing stochastic systems can be classifié
to three categories: system with stochastig

ig?{;!{?;':sn’ ansdyséeg;emwxl/tvri]th ::822:2::2 r']n'giaclfee from the limitations of the previous two
' y phy ethods, and widely applied into the study of

parameters[4]. In reality, there exists mam(?volution stochastic response, bifurcation and

uncertainties in installation, measuring, materiaC 20s of stochastic svstems
and production sectors, which could be describecp y ‘
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Where Xi represents the component of state

2. BASIC EQUATION OF NONLINEAR g ( *)
STOCHASTIC DYNAMIC SYSTEM vector; =Y signifies Markov process vector,
The dynamics model with multiple freedom P(X.1) is the corresponding probability density

degree could be expressed as follows[7] function. The control equation o?(f('t) can be

|\7I)Z + C)Z + f()Z) - If(t) W expressed as follows:
~ - 0 1 9° S Saq
WhereM is mass matrixC means damping gy, S L (X) p(X)] - 2 0Xi0Xj [9; (X), p(X)] =
matrix, (0 indicates recuperablllty function; (5)

X X
represents acceleratlonx is speed; is The probability density functlonp(x t)

displacement; F() is exciting force vector, and Subject to the following equation:

F(t )signifies random vector. X'}'ﬁ”lw f, (X)p(X,t)=0

Set F() ==MI%, () , nonlinear stochastic . 0[G; (X)p(X,t)]
system model can be expressed as follows: X'}'[Qw P =0
e - % ™)
+ + =—-MIX
MX+CX+ 1(X) Mlxg(t) (2) 3. STABILITY THEORY OF NONLINEAR
STOCHASTIC DYNAMIC SYSTEM

= 11T X (t
Where ! [ 1] ) ot represents the 3.1 Null Solution Stability
acceleration of the excitation force.

(6)

Definition 1: setq>o DX D[O’l] X

_(wT wT\T
SetY =(X7,X7) , the state equation of random variable,x(t’XO) is the solution of

nonlinear - stochastic dynamic systems can hgyuation (5). If there exists negati& moment
converted to the following form[8]

is a

index, the expected null solutidhmoment index
of equation (5) is stable; on the contrary, null

(3) solution 9 moment index of equation (5) is
S S unstable[9]. Figure 1 and Figure 2 are the
AY.1) _[— M~CX-M f(X)] corresponding schematic diagram.

Y = A(Y,t) + BE(t)

Where A
_ M x
=|e: -t
, . *=(exp(~1) =
set i Xaa, fau=Xuy Gaj =8 x(1)
924 7Y | the mathematical model of
nonlinear stochastic system can be expressed a £
follows: Figure 1: Schematic Diagram About The Stability Of
d _ _ Null Solution aq Moment Expectation Index
axi = fi(x)+gij(x)Aj(t) @
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A (b) If there exists a normal numtf&rwhich is
x =exp() subject to the following

LV(t, X) 2 AV (t, X)

x(1) formula: then the
x =1 following inequality[5] is true:
—
Elx(t, X,)|" 2 Ci|xo|qe’“
- 2 (11)
t Where

Figure 2: Schematic Diagrams About The Instability

_ 1.,
of Null Solution 9 Moment Expectation Index LV (L, X) =Vi(t, X) +V, (L X)F(t X) +EG (& XNV (6, X)

It Xo d ber i 1 sh th fl SIMULATION ANALYSESABOUT THE
is a random number, figure 1 shows that” AR/ |TY OF NONL INEAR

ift = % the absolute expectation moment index STOCHASTIC DYNAMIC SYSTEM

E|X(t, X,)|"
| ( °)| of X(t Xo) would decrease to  Take engineering structures earthquake for

zero. Figure 2 shows that'if , the absolute jnstance, F(t) represents seismic excitation. The

E|X(t, XO)|q ¢ deformation of engineering structures is a point of

o focus. Programming simulation programs with
would increase to infinity. MATLAB software, the corresponding simulation
results are as follows:

expectation moment index

X (t, X,)

3.2 Stability Criterion

Lemma: for nonlinear stochastic dynamicaf*-1 The Dynamic Response of Engineering
systems [10} Structures Under Seismic Conditions

Figure 3 and 4 show the dynamics simulation
results of engineering structures under seismic

dX(t, )(0) excitation. Figure 3 is the response result of

d— = F(t, X(t)) + G(t, X(1))B(t) engineering structure deformation under seismic
t excitation, which changes dramatically at initial
X(t,) = X, (B)Stage and then stabilizes gradually. Figure 4 és th

response result of engineering structure hysteresis
deformation under seismic excitation, which
changes dramatically at initial stage and then

Solution of the equation (8) is deﬁnedStabilizes gradually.

X(t) = X(t, X,)

as . Assume the following
formula is true:
0,02
q q g
dyx" <V (t, X) <d,[x ©) £ oaf)
d .d & T
Where “1and “2are constants and greater than E 0 il jlﬂ%ﬁwﬁ.ml\,ﬂmmww;lfw
4=  LRR
zero.V(t’ X) is a smooth function; B .01 k ]
(a) If there exists a normal numbélrwhich is -0.02 . L I
subject to the following 0 15 30 45
_ time/
formula: LV (t, X) = -AV (L, X) . then the :
following inequality[11] is true: Figure 3: Response Curve Of Engineering Structure
c Deformation
E|x(t, Xo)|* <=2 |x,|'e™
“ (10)
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Figure 4: Response Curve Of Engineering Structure
Hysteresis Deformation

4.2 Stability analysis
Stability simulation of nonlinear

stochastic

safety and stability of engineering structures.
Therefore, it is very promising in practices.
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