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Fig. 3 The evolution of the transient joint probabilitydensities
p(X;,X,,t) for the first oscillator, where p_(X;,X,)

is the stationary probability density

0. 03, KB PETi Ml R B E,, =0.05,A,, =0. 3, E,,
=0.04 DLK Ay = 0.2, 3% fBL i i 17 75 4 = 4% i o
MGG Ny =50 1N, =30, S50 8T HUE

B SRS BB . RGP — R T
MR p(A, ) WE 1 PR, B & T4
530 11 24 fige A e 45 SR DL R R 4 (33) b AT
Monte Carlo U {EAALTS 2 19 25 5% , B I A5 21
R AE— 55 B Ge it my, (o) Flmy () Qi 2 fiF
N ANV 2 ) SUAE RS AN S B I M 3R 2%
p(X,, X o) G 3 Fiom (B RL V, R — iR
T LB X)) . XHRFRSE(33) 64T Monte Carlo
ORI, 224 0. 01, G315 FH I BE A B
100,000. (& 1 2= [& 3 w] LUA B, LGP 245 1Y
455 Monte Carlo B 45 RAF G 847, LA L

BRI LR B 1 RS — R T AR E
R BEMWIUG I AT AL 1Y delta 73477, Bl I 8] F)
R TR i) 3 R MR (L0 A1, X — s fh ] 2 P
GUIHHE AR EUE. Bl I (] ) A R AR A9 — B A —
GG RO R, R 1] 3 ) SRR X
PRSI A HE AR RE AT LUA ik T OT 46 By BOZ /)
A% AN Y BENLIR B , SR Je AN 1) 3 R ) (627
R JEE W) RO 3™, AT IR A I R A B

E11=005

E11=001

E11=0.15 15

E[A,()

Ef1=0.15

(a) WM g4
(a) The first-statistical moment of
amplitude response

bR =M
(b) The second-statistical moment of
amplitude response

K4 AREEESEE, TRESE MR TIRE— 5 gt
ELA, (¢) TR ELAT (1) ] Bties ] 3 AL 5
—ARICHENLER; 0,0,V , VAT RZRS(33) ik
Fig. 4 The time evolution of the first- and second-statistical moments
of amplitude response (E[ A, (¢)] and E[A2(¢)]) for the first
oscillator with different values of E|, , where ‘—’ indicates

the results from the proposed procedure, @, O, ¥,V present

the simulation results of the original system (33)
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TRANSIENT RESPONSE OF NONLINEAR MULTI-DEGREE-OF-FREEDOM
STOCHASTIC SYSTEM WITH VISCOELASTICITY *

Jin Tao'  Jin Xiaoling® Huang Zhilong®’
(1. Zhejiang Electric Power Design Institute, Hangzhou 310012, China)
(2. Department of Engineering Mechanics, Zhejiang University, Hangzhou 310027, China)

Abstract ;The transient response of a nonlinear multi-degree-of-freedom system with viscoelasticity subjected to
Gaussian white noise excitation is investigated. Firstly, the effect of the viscoelasticity on the system is approxi-
mated by the modified damping and stiffness. The original system is replaced by a system without viscoelasticity.
Then, the stochastic averaging method based on generalized harmonic functions is adopted to derive the averaged
Fokker-Planck-Kolmogorov equation of amplitude transient joint probability density for each oscillator. This equa-
tion is solved by expressing the probability density as multiple series in terms of a set of properly state-dependent
orthogonal basis functions with time-dependent coefficients. According to Galerkin method, the time-dependent
coefficients can be solved from a set of first-order linear differential equations. Finally, the semi-analytical formu-
lae of the transient probability density as well as the transient probability of the state response and the statistical
moments for the amplitude response is obtained. To illustrate the proposed procedure, coupled two-degree-of-
freedom Duffing-van der Pol oscillators with viscoelasticity subjected to Gaussian white noise excitation is investi-
gated as an example. The effect of viscoelasticity on the system response is initially discussed. Moreover, com-
parison with the simulation results of the original system indicates that the proposed procedure is accuracy and ef-

ficacy.

Key words transient response, viscoelasticity, nonlinear multi-degree-of-freedom stochastic system, sto-

chastic averaging, Galerkin method
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