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Direct algorithm for variance of random vibration response

KON G Xianrren, LIAO Jun
(Research Center of Satellite Technology;, School of ‘A stronautics,
Harbin Institute of Technology, Harbin 150001 ,\ China)
Abstract : By using of extending order and modaltransormation'of dynamic equation, a
L yapunov equation was established , and.the solution of -the L'yapunov equation could be used
to directly obtain stationary-random vibration response variance. of large-scale finite element
structure. Duffing system was linearized by equivalent linearization method, and the Lya
punov_eduation was solved to get the varianceof. random vibration response of duffing sys
tem. The precison ‘has been justified by smulation, showing that the presented method is
efficient and preci se.
Key words: ) Duffing system; equivalent linearization method; variance;
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[1]

:2009-02-23; :2009-04-22
(IRT0520)
(1961- ),

(1982-) , . Email :liaojun404 @126. com



3 611
1 Ann ,Bow , Can , Duw !
W, Wpsd.
Xn:Anan+anW
1. 1 Wpsd = C:wan + waW (7)
2 [2] PSD (PS
: DSS) , PSD
XS = AS + BSNW y
Zz= CsXs (1)
Xs SW i PSD , Matlab MuAnayss
.A,B,C , S, W,z Tool box fitmag
, 5
) ) . 1 ,
mag 2,35 PSDSS
E(XsXs) = Xs (2) 5 PSD
PSD , 5
(2)
AsXs + XsAs +BaWwBa=0 (3)
wW w at 1
A Tablel P o random excitation
As = E\s Es'al (4) F/ Hz 20 30 100 500 1000
B Fee 91 10 10 01 o1
(N?¥ Hz)
Xs = - Es[ (Es'BaWwBsEs 7)./ 3
AsP +P'AJ)E’ (5) Z
§ 10°
P 1 gz
, 13 . / ” %
2 (RM9) 2
Zms = Jdiag(C=X=CL)/ 2 (6) 2 o]
a i B
(5 (6) ‘ 10° 10°
( ) . Frequncy/Hz
(PSD) 1 PSDSS
Fig 1 PSD profile by increasing order systems
12 PSDSS

(1), ()



612

25

XS = ASSXS + BSWW

2= C,sXs (8)

. |: Xj A |: As Bsw Cwni|
Xg = y = [l
s X s Ons Ann

BSWDWW
BSW :|: ] CZS :[ Cs Ozn-.l .
an
PSDSS
(5
13
Mnnyn+Cnnyn+ KnnYn:f(t)n (9)
y [ 0 | C]
Xs = , Ass = ,
[j -M 'K - M7
On
Wn:f(t)n, Bsn :|: l:| (10)
M
(10) (5),(6)
Cs
, von-mi ses
Czs:[lnn Onn],
Cs
(9) [3]
Um+ 2ZoneQumbs + QimUm = Mon® inf (1)

(11)
Mmm , Zmm ,Qmm ,chm

Tl 0% - 2ZeQun T LW

Omn
Bsw:|:M_1q)T":| , Wn:f(t)n (12)

Ca=[ P Oundl (4) ,(5) ,(6)

2 [45]

[6]

[7]

mXx +cx + kx+ g(x,x) = F(t) (13)
g(x, x)

mX + X+ kex= F(1 (14)

G, ke

) E[[J:xzdy]

X

(15)

U= ‘]2‘kx2 +Lg(x,>’<)dx

t

w :-L[cx + g(x, %) ] xdt.

(13)

X , (15) , (16)

(13) E(x- x")
(2)

(10) (12)

31

M SC. patran
500 mm x



3 : 613

100mm x 6 mm , 2 x 10" Pa, 2 4
03, 7800 kg/ m* , 01 3min. DVM
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m X +cx+ kx+ g(x,x) = F(1) (17)

g(x, x) =€ kx*,
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2 (5),(6) ,(10) , (18)
Fig 2 Modd of finite element method
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DVM (directly variance method)  Patran
2 m=1,c 0-04,0.06,0 08,0 1,
0.15,0 2,k=1¢ 0-01,0 1, S =
pDss T
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2 Patran DVM
Table2 Displacement response root mean square ANA ’
obtained by Patran and DVM R_K
,SYM! ,
Patra;nloq DVNLmJ Error/ % R_K SYM . Error
Nodal 4 1811 18197 0. 480 1,Error 2 ,Error 3 ,Error 4 ANA
Nodal 8 8 512 8 5061 0 0694 R_K SYM DVM
Nodal 10 13 01 12 996 0. 106 FPK
Nodal 23 6. 549 6. 5410 0.123
3 EQU (=001
Table3 Method of EQU (€ =0. 01)
c FPK ANA 2 Error 1/ % R K Error 2/ % SYM Error 3/ % DVM Error 4/ %
0 04 30 7456  37. 1457 6 54 37. 1464 6 54 37. 1424 6.55 37 14565 6 54
0 06 299333 28 3123 5 42 28 3138 5 41 28 3109 542 28 31229 5 42
0 08 24289 231676 4 62 23 1697 4 61 231674 462 23 16767 4 62
01 20.5583 197335 401 19. 7359 40 19 734 401 19 73354 401
015 15 0208 14 5728 2 98 14. 5761 2 96 14 5747 297 14 57288 2 98
02 11 92 11 6419 2 33 11 6457 23 11 6447 231 1164193 2 33
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4 ENE

€ =0 01)
Table 4 Method of ENE (€ =0. 01)

c FPK ANA_2 Errorl/ % R_K Error 2/ % SYM Error 3/ % DVM Error 4/ %
0. 04 39 7456 39 5113 0. 59 39 5124 0. 59 39. 5082 06 39 51123 0. 59
0. 06 29. 9333 29 9439 0. 04 29. 9457 0. 04 20. 9427 0. 03 29. 94391 0. 04
0 08 24. 289 24. 3937 0. 43 24. 396 0 44 24. 3936 0 43 24 39365 0 43
01 20. 5583 20. 7018 07 20. 7045 071 20. 7025 07 20. 7018 07
0. 15 15 0208 15 1818 1 07 15 1854 11 15 184 1 09 15 18178 1 07
02 11 92 12 0674 124 12 0716 127 12 0706 1 26 12 0674 124

5 EQU (=01
Table5 Method of EQU (€ =0 1)

c FPK ANA_2 Errorl/ % R_K Error 2/ % SYM Error 3/ % DVM Error 4/ %
0. 04 16 4855 14 5991 11 44 14. 6046 11 41 14 6029 1142 14. 59916 11 44
0. 06 13 0619 11 6491 10. 82 11 649 10. 82 11 6466 10. 83 11, 64913 10. 82
0. 08 11 0327 9. 8952 10 31 9. 8952 10. 31 9. 8933 10. 33 9. 89523 10. 31
01 9 65553 8 7014 9 88 8 7015 9 88 87 99 8 70143 9 88
0 15 7.53278 6 8534 9 02 6 1756 18 02 6 8526 9.03 6. 85336 9. 02
02 6. 28314 5 7588 835 5 7592 8-34 5 7584 8 35 5 75881 8 35

6 ENE (¢ =0 1)
Table6 Method o ENE (€ =0. 1)

c FPK ANA_2 ‘Error ¥ % R-K Error 2/ % SYM Error 3/ % DVM Error 4/ %
0. 04 16. 4855 ' 15 837 393 15 8365 394 15 834 395 15. 83702 393
0. 06 13 0619 12 6096 3 46 12 6095 3 46 12 607 3 48 12 60957 3 46
0. 08 11 0327 10. 6917 3 09 10. 6917 3 09 10. 6898 311 10. 69172 3 09
01 9 65553 9 387 278 9 3871 278 9 3856 28 9 38699 278
0 15 7. 53278 7. 3689 218 7. 3692 217 7. 3682 2 18 7. 36887 218
02 6. 28314 6. 1751 172 6. 1756 171 6. 1748 172 6. 17508 172
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