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I Riccati

ey @;{o}f{e}m{o}- Gt
(i=rs1de) | (1)

[S]iv1= [uuS+ un/ifunsS+ uzz]_il, (2)

{e}z: [uxnS+ u22]_il<(§i+l, (3)
. [S]i Riccati slunfi [weli [uxn]i [ uafi i

6~ 7,

bi(j=1 -sm) , :

b= bo(l+ &)  (j=1 -m), (4)
, bjo , 1 &§1< 1, °

B Taylor

g€ ( )
B= Bo+ j_;ﬁjs+ j_;kgﬁ,ﬂ;a&, (5)

, Bo b= bo(j=1, -m) , B B

[S]i= [S]io+ :Z]‘[S]i,j%”f :Z}];ZjSLmew (6)
<}“{}‘0+ i{}'w‘% ZZ}J@& (7)
(i {oos Z{f} Jg+ ZZ{f} 6 8, (8)

, [S]io b = b]O(]— 1, m) Riccati L[S [S]ijk

Ricecati

(6) (7) (8) (R

g%i’o [S]i.d ii,o, ’ (9a)
ij= [S]ionesij+ [S]ij efio, (9b)
f i, jk = [S]i,o{e i jk+ [S]i,,j 6‘}i,k+ (1— @k)[S],:,/,<e}i,j+ [S]i,jk<€>i,o,

(9¢)

s G
(2) (3) Riccati

i= N+ 1, , (8) (9
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Drver= Dresor Sihvers v S5 v s

j=1 k=1
N+L0= [S]N+ 10§e N+ 1,0,
N+lLj= [S]N1,00 e ]\+1]+[S][\+1/{€ N+1,0°
Sonevje= [ S]n 10{3 Ne Ljk+ [ ST, e}N Lkt

(1= G )[S]n+ 1k{>/\ Lit+ [S]N+ 1]k{}\ 1Lo°

(10) (11) Bo B; B
é}“_{ LD =(d. o
{ N+ 1,0 = /v1,— }\l;k— *
(12) (11a), :
A=1SInyt1,0= 0°
B B o [S]n+10

[SJWO- [UI[D][V],
LU v :
[Uat = (1,
[VI[VI' = [1]*
[D] : . D]
[D] = diag/di, -, di-1,0] *
(12)  (14) (11a)
110171 o = {0},

{@M L0 = [V]T<e}w+ 1,0,

(19 (18 -, RURS
(K eo= {0 -
efN+ 1,0
= {0 o)
(21) 19 [VI.
<§N+1o— [V]{}MIO— {Vr},
{V [v]
(14 (12) (11b)

[ U][D][V]T{6>N+ L+ [S]ne 1,_,‘{6}N+1,0= {0} °

{}/\ i1 = [‘7]'[‘{6}/\4 Lj®

T

(24) (23 [0,
[D]{}\+1]+ [U] [S]N+1,{}1\+10— {O} .

(17), [D] ,(25)

o1, = {[ U717 S]we 1,,{e}m 1,<}, =0

(10)

(11a)
( 11b)

(1lc)

(12)

(13)

(14)

(15)
(16)

(17)
(18)
(19)
(20)
(21)

(2)

(23)
()

(%)

()
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(2,

B Bi(j=1 -sm)
Baj(j = 19 °ty m) ” (25)

1
ngV+1,j:— Jl“e/lvﬂ,j (l=1, ...r=1),
g[';“'+1,j: 07
ey (v 1 . (27 (24)

(v = 17K v

(14) (12 (1lc)
FUIEDIE 7T epne s STxen pnar it

(1= Ge)[ ST, k{}N Lj+ [S]x ljk{}\ L0= <>.

<§N+11A— [V]T{>N+1]A
2 :
[D]€}/V Ljk+ [U] E/S]N 1]{41\ Lk+

(1— @k)[S]NH
(17), , (31)

B 1t = {[UJ (rsivers %x e

(30)

(1= )l S]n+ 1k{€N Li+ [ ST llk{}/\ 1(3}

B eﬂ»(]— L, .om; k=1, -..,j)
r .
Bin(j =1, smik =1, ) (31)
1
eN+ 1,jk = — E;eN+1]k (l— 1 r— 1)’
ev+ 1,k = 0
s ’e\lN+ L jk {6’}]\4 Ljk l . (33) (30)

b
0B _oBoe 1 0B
0b, = 08 0b ~ boOE’

(5 (3

aa_b%Z bL[B-'- Zﬁﬁa+ ZB]§+ Zﬁlg]

@/_eh: bL[{} A )i e+ Z{}]$+ Z{}"?f]

>N+1J+ [S]N+1,k{}w+1a {(}'

(27a)
(27b)

(28)

(2)

(30)

(31)

0 ()

(o},

(33a)
(33b)

(34)

(35)
(36)

(37)
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@g%= ﬁ[{f}"’ﬁ Q{f}i,&;§+ ji{f}i,sj g+ jzg{f}i’js f}] . (%)
bs

(36) ~ (38) .
4
1 s mi1= ma= 102kg,
Joi= 12754 x (1+ €)kgom” J2= 12.754% (1+ &)kg*m’,
Ja= 6.337x (1+ &)kg*m’ Jo=
6.337 x (1+ €)kg* m’, ,
El= 6.136x 10°N * m’,
a = 40 cm* Q= 300 rad/ s
& & & & ,
34 «
1
1
B y= 159.860 §(rad/s) ji=1 j=2 j=3 j=4
B; 0.3%0 37.601 0 - 0.0890 - 10.018 2
k=1 -0.1472
o k=2 ~0.0%4 - 30533
o k=3 0.078 3 0.004 8 - .0104
k= 4 0.004 8 13.917 1 0.004 3 -1.540 1
2
B o= 802031 5 rad/s) i=1 j=2 j=3 j=4
13,] 49. 470 24. 307 6 — 600.249 8 - 32.4924
k=1 233.937 0
o =2 - 320.286 3 152.873 9
o k=3 - 961.4882 409.940 8 867.236 8
k= 4 409. H40 8 - 409.683 8 - 523.658 0 274.474 3
1 2 .
€= &= &= &=02 &= &= &= &a=0.5 ¢
2 ° 3 4
; 50%

1. 5%,
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B/ (radls) B/ (vad/ s)
B/ (rad/s) (%) (ad's)/ B (%)
159.860 8 165.426 4 0.40 164. 693 4 -0.05 164.775 0
330.612 5 333.007 4 0.05 332.809 9 0. 00 332.824 7
726.4197 705.632 9 - 043 709. 194 3 0.08 708. 661 4
802.031 5 770.154 0 - 0.59 775.485 5 0.10 T4, 698 4
- 2.0969 - 18.1883 - 3.04 - 18.8521 0.50 - 18.7587
- 186.044 3 - 156.814 6 - 252 - 161.521 9 0.41 - 160. 865 4
- 27.7477 - 22.4079 - 037 - 2233897 0.07 - 23.2429
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€= &= €= €= 0.5
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Abstract: A general method based on RICCATI transfer matrix is presented to calculate the 2nd order
perturbations of eigendatas for one dimensional strudural system with parameter uncertainties. The
method is applicaable to both real and complex eigendatas of any one dimensional structural system.
The formulas for calculating the sensitivity derivatives of eigendatas based on this method are aso pre-
sented. The method is applied to the perturbation analysis for the eigendaas of a rotor with gyroscopic

moment, and the differences between the perturbation results and the accurate calculating results are
small.

Perturbation Transfer Matrix Method for Eigendata
of One Dimensional Structural System With
Parameter Uncertainties
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(1. Department of Mechanical and Eledronic Enginering,
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