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Abstract: Duffing system\ waslinearized by _equivalent linearization method based on err
ergy difference; then) therandom responseof thé linear system was solved by combining the
pseudo excitation method and four-ordersymplectic geometry algorithm. It is concluded that
an approach to combine the pseudo excitation method, symplectic geometry algorithm and e

quivalent linearization method is accurate and efficient.
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, , , MX+ X+ KX = R (3)
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F(v) E[x’] = @ = 2J’ | x 1’do (30
So,
(15) (28)~ (30),
g(x,x) = g’ (27) : )
(17, (200 (27) o ke ’ (19
ke= k(1+ 2. 5&/[x°]) (28)
(22), (29 (27) ’ ’
ce= ¢ (29)
’ 1~ 4.
1 Equ e= 0.01
Table 1 Equ method &= 0. 01
c 0. 04 0.06 0.08 0.1 0.15 0.2
FPK 39.745 6 29.933 3 24.289 20. 558 3 15.020 8 11.92
ANA 2 37.1457 28.312 3 23.167 6 19.733 5 14.572 8 11.6419
errorl/ % 6. 54 5.42 4.62 4.01 2.98 2.33
R_K 37.146 4 28.313 8 23.169 7 19. 735 9 14. 576 1 11.6457
error2/ % 6. 54 5.41 4.61 4.00 2.96 2.30
SYM 37.142 4 28.3109 23.167 4 19.734 14. 574 7 11.644 7
error3/ % 6. 55 5.42 4.62 401 2.97 2. 31
2. _Ene €= 0.01
Table 2. Ene method €= 0. 01
c 0. 04 0. 06 0.08 0.1 0.15 0.2
FPK 39,745 6 29.933-3 24.289 20. 558 3 15.020 8 11.92
ANA 2 39.5113 29.943 9 24.393 7 20. 701 8 15. 181 8 12.067 4
errorl/ % 0.5 0.04 0.43 0.70 1.07 1.24
R_K 39.512 4 29.945 7 24.396 0 20. 704 5 15. 1854 12.071 6
error2/ % 0. 59 0.4 0.44 0.71 1.10 1. 27
SYM 39.508 2 29.942 7 24.393 6 20.702 5 15.184 12.070 6
error3/ % 0. 60 0.03 0.43 0.70 1.09 1. 26
3 Equ e=0.1
Table 3 Equ method &= 0. 1
c 0. 04 0.06 0.08 0.1 0.15 0.2
FPK 16.485 5 13.061 9 11.032 7 9.65553 7.532°78 6.283 14
ANA 2 14.599 1 11.649 1 9.8952 8.701 4 6.853 4 5.758 8
errorl/ % 11.44 10. 82 10.31 9.88 9.02 8.35
R_K 14.604 6 11.649 0 9.8952 8.701 5 6.175 6 5.7592
error2/ % 11.41 10. 82 10.31 9.88 18. 02 8. 34
SYM 14.602 9 11.646 6 9.893 3 8.7 6.852 6 5.758 4
error3/ % 11.42 10.83 10.33 9.90 9.03 8.35
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4 Ene e=0.1
Table 4 Ene method €= 0. 1

symplectic geometry algorithm and FPK method

¢ 0. 04 0. 06 0.08 0.1 0.15 0.2
FPK 16.485 5 13.061 9 11.032 7 9.65553 7.532 78 6.283 14
ANA 2 15. 837 12.609 6 10.691 7 9.387 7.368 9 6.1751
errorl/ % 3.93 3.46 3.09 2.78 2.18 1. 72
R_K 15.836 5 12.609 5 10.691 7 9.387 1 7.369 2 6.1756
error2/ % 3.9 3.46 3.09 2.78 2.17 1.71
SYM 15. 834 12.607 10.689 8 9.385 6 7.368 2 6.174 8
error3/ % 3. 95 3.48 3.11 2.80 2.18 1.72
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Fi(t) x(t) Table 5 Displacement standard deviation precision
f() = Fa)] = Vagis 1) (35) of the first DOF
fa2(t)  fi(t) T=10s . Bi=1 Equ/% Ene/ %
fi(t)  fa(t) So=2 5x10"° 0.0 0.54 0.54
kN? e s, . 0.01 2.32 0.89
Lo 0.05 2.81 0.35
M= [ | (;| 01 2.42 0.88
[0. 44 - 0. 12i|
- 012702607 6
250. 0~ - \100.\0 i Table 6 _Displacement standard deviation precision
= [_ 100.0 100, 0],U: |:Uz:| of the second DOF
> L, Bi=1 Equ/% Ene/ %
0.0 0.11 0.11
; 0.01 0.84 0.41
0.05 1.75 2.16
2
o 0.1 6.43 1.58
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