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[+ 3,

[2.3] [4]

( ) n
Koxio= AioMoxio (i= 1= n)

, Mo, Ko < n . , Ao, Xio

s Ao <A20 <+ <Aoo= () Ako <--+

),
xioMoxjo= W, (i, j= I= n)

, W Kronecker s i=j , W= 1, “j , W=o.

M= Mo+ M, K= Ko+ K1,
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(Kot K1) xi= Xi (Mot M) xi (i= 1= n) (3)
, Mi, Ki( ) Mo, Ko , , Ny Xi
H. i
s Aio™ Ak0 X0~ XkO H= [xjo, =, xx0]. Mo, Ko
M, K ,
) Xi
Xi= Hqs-+ Wi
H poWei= H KoWi= 0 (i= j~ k) (4)
G (k= j+ 1) . M, K . W
, (4 ,
Kg=_iMgi (i= j~ k) (5)
, kK=H (ke K1) H, 7= H" (Mo+ M) H, s
A . Hy :
(3) Hg+ W)™ (Mor M) (Hgr W) = 1
. (5)
g'Mg=1 (= j~ k) (6)
(5 (6) ( ) , g
k= 1) s g)s s Cry ) .
H7 ) ?
Hy , K
, Ay xi (i= j~ k) .
A=+ A 0 (X) (7)
xi= Hg+ xie xiv O (X) (8)
, xi~ O ()§, A2, xi~ O (X) (7) s
(8) xi . (4 : We= xit x+ 0 (X).
Ay Xi (7} (8 (3),
)\izq,'THTMOqu: q,THT (Ki—_iMv) xi (9)
(2 : HanH= 1 ( ), 9 :
No= g HT (Ki-_iMy) Jgi'q ] xin (i= j~ k) (10)
Xil, xi2 . . (7% (3 3 )
O(X): (Ko— _iMo)xi= — [(Ko+t Ki)—_i(Mo+ M) Hg (11)

oX) (Ko—. iMo)xi2= — Kixi _iMixi+ A2 MHg (12)
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Wei= xit x (3) , , (6) ,
0(X: (Hg )" Moxii= 0 (13)
O(X)z (qu)TMoxiz: - (Hqi)TMl)Cil— x,-TMoxil/Z (14)
i A , )
i Xio R , , (Ko—_iMo)
, (11) Xit; )
i , (Ko— _iMp) , (11)
(n=1) . xit on . - (13
, (11} (13) ,
) xit
(1) (13),
Axi= b (15)
[Ko—fMj [— [ (Kot K1) — i (Mo+ M) ] qu
s Ame 1= T s biw 1.y =
(Hg)" M 0
: (m< n) A4, u v, A=UWV', w
= diag (k,, k), k2 k== k=0 A4 n
(15), A , (15)
xi=A b (16)
A A , A=vwu, ws= diag (kl* , ky , kf ): k=0
k=0 kfo ,k=1/k.
(15) , (16)
xit (i= j~ k).
(7~ k) ) ,
) H )
H= xio, Xi0 xil. xit (10)
Ai2.
, (120 (14),
Axic= b (17)
- (Ki— _iMi) xit AaMoHg
’ b= - (Hqi)TMlxil—_;xiTlMoxn ’ e
) 0
(X) :
3
1 0 1 0 0 005 O
K=|0 & T ,  Mo=|0 1 , Ki=| 005 0 00§, M=0
0,.,,0 L0 0 0 ,0.05 ,.0
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( Ko, Mo ) L kT2 : (1,0,

0, (0, 1, 0", (0, 0, 1)"

31 (&= 0.05 )
1 0 T

(1) 1, 1.05 , H=
0 1
1

& 1 AUBAFEEER (T 0.05, AT M) R 69U fLfg

Tab. 1 Approximation solutions of the nearly equal eigenvalues case

1 2

0. 968 418 (0.845 18, -0. 53385, 0. 0258 8) 1.078 951 (0.53447, 0.843 94, -0. ™45 81)
0. 969 098 (0.850 65, -0. 52573, 0. 025 50) 1.080 902 (0. 52573, 0.850 65 -0. 046 28)
0. 968 428 (0.842 63, -0. 538 07, 0. 025 50) 1.078 933 (0. 53951, 0.840 86, 0. 046 28)

(2) ( T=0.05 3 ), H= (0, 0, 1)',
, 2
%k 2 WEAHFIEEHL (B 0.05 % 3M) i ahig s

Tab. 2 Approximation solutions of the distinct eigenvalue case

2. 002 631 (0. 002 62, 0.052 55, 0.99861)
2 (0, 0.05263, 1)
2. 002 631 (0.002 63, 0.05263, 0.99861)

3.2 (=0 )
3
& 3 AEHEEFEL (T 0, ATA M) 3t g

Tab. 3 Approximation solutions of the equal eigenvalues case

1 2

0. 948 797 (0. 698 25, - 0.715 05, 0. 03401) 1.048 703 (0.715 85, 0. 69729, - 0. 036 65)
0.95 (070711, - 0.707 11, 0. 033 67) 1. 05 (0. 70711, 0.70711, - 0.037 22)

0. 948 809 ( ) 1.048 684 ( )




15

Chen J C, Wada B K. Matrix perturbation for structural dynamic analysis. AIAA Journal, 1977, 15
(8): 1095 1100

, 1987.20~ 50
, 1991. 19~ 26

Chen Jingyu. Liu Jike, Zhao lingcheng. An improved perturbation method for free vibration analy—
sis- Journal of Sound and Vibration, 1995, 180 (3): 519~ 523

A Successive Approximation Procedure

for the Generalized Figenvalue Perturbation Problem

Liu Jike©  Gao Lei

Abstract For the generalized eigenvalue perturbation problem of real modes, an efficient

method is put forward, which is applicable to all the three cases of eigenvalue problems dis—

tinct, repeated and nearly equal eigenvalues. This method is a kind of successive approxima—

tion procedure, developed by performing an orthogonal decomposition and a sub—space con—

densation and by using the singular value decomposition of real matrix. Some illustrative ex—

amples are presented to demonstrate the validity of this proposed technique.

Keywords perturbation, eigenvalue problem, structural vibration
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