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Efficient Simulation Procedures for Stochastic Analysis of
Nonlinear Dynamical Systems

ZHANG Shu-jun REN Jun-guo
College of Aerospace and Material Engineering National Univ. of Defense Tech Changsha 410073 China

Abstract An efficient simulation procedure for stochastic analysis of nonlinear dynamical systems with multi-degree freedom based
on Monte Carlo simulation MCS is presented. A simple criterion was established for indicating the importance of each dynamical
response sample. According to this criterion Russian Roulette and Split RRS method was applied to deal with the selected samples.
The efficiency of this algorithm was much higher than that of direct MCS while the number of response samples in the low probability
regions was increased. The result of evaluated examples demonstrates that the methodology presented in this paper has the advantage of
being simple in operation thus applicable to realistic engineering calculation.

Key words stochastic response numerical simulation dynamical systems nonlinear

20 50

Fokker-Planck-Kolmogorov

10
2
Monte Carlo MCS  Monte Carlo
Monte Carlo
Monte Carlo
* 2005 -06 - 10

1976—



2006 1

kD £t

118
1 RRS
Monte Carlo MCS
1000
Monte Carlo DMCS
Monte Carlo
4
D&C 3
RRS
N N
1/N
5
2
3
RRS
6
w; t =1/nSim t=0 i=1 2
nSim nSim
Pt
v; I = w; I3 / P i 12
RRS
3
3.1 - 7

Vak —1+Y2+ Y2 VY+Y=VDE ¢

Fokker-Planck-Kolmogorov FPK

. 71 k 2, .2 iz.zz}
psyy =N eXp{D[y+y — Yty ]



119

_ /D inp ( i)
N—A/gke erfc| — /ZD 3

k=0.20 D=0.20 0.025s 1 MCS DMCS
MCS RRSMCS DMCS  RRSMCS 2000 400s
1 a RRSMCS 1b 1 a
RRSMCS
1 Y v 25 x10° T :
——FPK ——FPK ;
09 | — - — DMCS — -~ .DMCS :
e RREMCY £ RRSMCS :
08 | 2r t E
07 b
( ;
z 06 | & 15 T
5 05 3 F
"e" 04 E 1f [ ! '
03 }l
] ;
02 05t i i
o1 F
o N ‘o e . a X . R S — el
25 2 -5 . 05 0 05 1 1.5 25 -25 245 -24 235 23 225 22 215 20 205 2
¥ ¥
(a) SEEREIL (b) ALK s

{a) The whole probabitity regions
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Fig.1 Probability of white noise excited van der Pol-Rayleigh oscillator
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(b) The low probability regions
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Fig.2  Probability of earthquake excited shear frame
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