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Abgract : Focusng on the defects of the classca modd parameter estimation goproach, this paper investigates a
novel technique for modal parameter identification of structures under operation conditions. Stochastic subgpace real-
ization isintroduced to determine the syssem matrix only usng output data. The performance of the method is criti-
caly evduated for an airplane modd. The resultsof experiment show that the above method has the same accuracy
asthe dasica modd estimation method and possesses a broad gpplication prospect in parameter identification of
structures under operation conditions.

Key words: moda testing; subgpace identification; ambient excitation

H ) 3 b
G. H.James" , (
. )
1%, 230 % ,
Roberts  Pearonl? 840m ,
3% 4%
, ARMA Eberhard-
) Luz (3] )
:2003-03-03; :2003-05-14
: (50205012) (02152067) ( )

(2002032193)



126

25

Luc Hermans ¥

3

, AR
, ()
(5]
N t
MoXx + Cox + Kox = LU (1)
x N ; Mo, Co, Ko
(NxXN);L
(NxP):U
X = IX -
% =- MplKox - MotCox + MglLU
X
X =9\, ., 2N
X
X = AX + BU (3)
CA (2N x2N);B
(2N x P)
0 | 0
A = S1 -1 ’ = -1
- MotKe - Mplc MotL

X
Y=CX+V (5)
Y m ; C
(mx2N);V (mx1)
3 (5
Xk+1 = AXg + Bug
Yk = Cxx + vk } ©
(1) 1, %)

[6]
| Md? + Cl + Ko| =0
0

7
(M ?+ CH + Ko) W, = “
A A D,
(TR 7)) el
}\ — éJAt
Y = b ®
At
, i fi
Zi l-IJi
_ -1 ey
f; = ! o\ Ik,
_ MJT (9)
2 JInhiInh
Y = ap;
2
(8) ,
A C
Hankel
Y1 ¥2 Yq
v, = Y2 Yg+1
Yp Yp+g-
ur U Uq
U, = uz Ug+1 (10)
Up Up+g-
[7]
Ys = I Xg + GUs (11)
T : Xs ;G
Markov Toeplitz
C
CA
r = Xs = [ X1 X2 Xq]
cAP !
(12)



2 : 127

0 0 0 A=T*YU (vyu)'r (22)
CAB 0 w0 (14)
G=| CA’B CAB . ... r = p.sY® (23)
. . (23) (22) ,
L cAP'lB  CAP%B CAB O A =S PIYU V;5:°° (24)
(13)
(11) , A C
YsUs = Y[ | - UJ[UsUI]I M Us] =T XsUs ,P1S1V:  H
(14) , ,
:Us Us 5 il
r , ,
5 0] w
YU =[P, P
[Pr Pl o o vy
3
r
P\ = Pl (16)
(12) A C '
, 1000mm, 1100mm
A= (Pp1) T(PL2) (17) ;
Ppor P p-1  Pp1 |
Pl p- 1 : J1
C r 1 HP3562 ,
, ERA (8]
A C HEV-20  (2kg)
Hankel 24 CA- YD-107
Y2 Y3 Yg+1 (
. 1),
7: Y3 Yq+2 (18) )
64 MVMAS3
Yp+1 Yp+ ( 2)
G I
[ CAB 0 ]
CA’B  CAB
= 3 2
G =| CAB CA’B
L cAPB cAPlB CA’B CAB
(19)
CA
CA?
= (20)
CAP
(18) (14)
— —
YUs =T XsUs =T AXUs (21) L
(14) (21) A Fig.1 The arplane mode with distribution
of transducers and shakers
,,

© 1994-2010 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



128 25

(c)3
3

Fg.3 Thefirg three modd shapes via harnmonic exdtation method
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Fig-2 Ambient vibration measurement system
, 24 2

, 6144 ,
512Hz, 15

T A

Tablel Modal frequenciesand damping ratios o air plane
model via har monic excitation method

@1
1 2 3 4 5
I Hz 14.8 23.6 3514 4502 52.5
/% 514 0.8 425 167 3.1l
6 7 8 9 10 { ;
I Hz 63 69  98.7 107.34 112.9

I % 1.50 1.45 1.36 0.93 1.58

11 12 13 14 15 (b) 2
| Hz 143.5 151.54 158 170 173.3
| % 0.70 0.39 0.48 1.05 0.54 %
 —a
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4
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Hg.4 Thefirg three moda shapes via stochagtic subspace
redization in ambient excitation
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Table 2 Modal frequenciesand damping ratios of air plane
model via sochastic subspace realization in ambi-
ent excitation

1 2 3 4 5
| Hz 14.9 23.4 35.3 45.0 52.3
I % 5.44 0.96 4.5 1.7 3.1
6 7 8 9 10
/ Hz 63.4 69.2 98.7 107.4 113.1
I % 1.40 1.48 1.43 1.1 1.78
11 12 13 14 15
| Hz 143.9 151.4 158.4 170.4 173.8

! % 0.81 0.49 0.68 1.15 0.64
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