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Fig.12 Time-averaged standard deviation of the stochastic
response component of the Duffing system with dif-

ferent degrees of nonlinearity

M), P4 At 2 O A8 | B M 0l i 1B a0 B O~2.,
A S Ty B SRR RIS LT A B A o
M 1 43 5k 114 SF- S5 g S X6 L 1] 13 BT B AR B o 22
4 B[] SF- S4 B0 LU A e 14 T s

x10"

25 B ®
— 4. PM o
|| % u.McCS x
2
I |- wpm 7
sk L _mMes A~
8 A
,{4
10 e
/
»
sk 2
0 . . . .
0 0.5 1.0 15 2.0
a, (N)
B 13 3l 38 il 08 (%t Duffing 28 42 B 5 P Wi 137 - 38 31 R ()
A

Fig. 13 Averaged power of the deterministic response com-
ponent versus the harmonic excitation amplitude of

the Duffing system
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time-averaged standard deviation of the Duffing sys-

tem
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Fig. 16 Influence of the harmonic excitation frequency on the

time-averaged standard deviation of the response
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Non-stationary response of non-linear systems subjected to combined
periodic and non-stationary stochastic excitation via the statistical

linearization method

KONG Fan"*, HAN Ren-jie', ZHANG Yuan-jin’
(1.School of Civil Engineering &. Architecture, Wuhan University of Technology, Wuhan 430070, China;
2.College of Civil Engineering, Hefei University of Technology, Hefei 230009, China
3.School of Safety Science & Emergency Management, Wuhan University of Technology, Wuhan 430070, China)

Abstract: A non-stationary statistical linearization method is proposed for determining the stochastic response of non-linear single-
degree-of-freedom systems, subjected to the combined periodic and non-stationary stochastic excitation. Specifically, assuming the
system response as a sum of a periodic and of a zero-mean stochastic component, leads two equivalent coupled differential equa-
tions, governing the deterministic and the stochastic component, respectively. The derived stochastic sub-equation under non-sta-
tionary zero-mean stochastic excitation is cast into an equivalent linear equation, by resorting to the non-stationary statistical linear-
ization method. The related Lyapunov equation governing the second moment of the linear stochastic response, and the determinis-
tic sub-equation governing the periodic response, are solved simultaneously using standard numerical algorithms. Pertinent Monte

Carlo simulation demonstrates the applicability and accuracy of the proposed semi-analytical method.

Key words: non-stationary response; non-linear systems; statistical linearization; combined excitation; Runge-Kutta method;

Monte Carlo simulation
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