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Improvements of identification modal parameters by
orthogonal polynomial method

Jiao Qunying, Chen Kuifu
(College of Science, China Agricutural Universty , Beijing 100083, China)

Abstract The modal parameters’ identification by global orthogona polynomia method proposed by Richardson, has
been accepted widely. Nevertheless, it isn’t the least variance estimation, the algorithm is very complicated, and the
computation work is rather heavy. The improved method can reduce the estimation variance by including an extra error
weighting function (EEWF) , and the computation amount will be reduced with the base functions of denominator and nu-
merator being chosen as identical series of orthogonal polynomials. The estimation results of the example without noise
showed the validity of the new algorithm. For the example with naise, it is shown that the introducing of EEWF can im-
prove the estimation precision efficiently, which can be obtained by iteration, and if the imaginary part absolute of the
driving point compliance is adopted as the initial value o EEWF, the iteration times can be decreased down.
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: s H(s) = A(s)/ B(9) (1)
[4 15] A(s) B (s) ;
' A(S) = ap + as+ @S+ + a,s = Z as
’ B(s) = by + bys+ s + +szN:_Zhsf
n (Sngle (2)
Input & Sngle Output , SISO) H(s) ra by ; 2

:2002-08-29



2 2003
_ T _ L
i A={a,a, ,ay} ,B={ho, 3(C.D) = ZEiEf=ETE* 5
bl, ,bN} M N i
M=2n-2 N= E={E,E, B}
2n , M, N
by =1 E=[W]([P]C-[Q]D- R) (6)
[W] =[W]LxL =diag] W(s1), W(s2),
1 SISO W(s)], W (s)
1 (2 Po(s1)  pi(s1) pum (s1)
Lewy Miramand [ | Po(s2)  pu(s2) pu(s2)|
20 500 HZ 5 ' [P] - aaa “aa aaw -
Levy 10 po(s)  pils) o ()
A(9) (9) . (9 ) LptsHuxteey
= Co+ + + o+
> T leS c2P2ts higo(s1) hyou(s1) higy. 1(s1)
Cypu () = iZ cipi(s) - (0] hogo(s2)  haon(s2) haay . 1(s2) _
B(s) = do + digu(s) + dag2(s) + +
N hiao(s) hoai(s) h oy - 1(s)
dyan () = Z digi (s) [ higk(si) JLxn
ipo(s) ,p1(s), ,pu(s) qo(s),a(s), R={hiagy(s),hoau(s), ,hay(s)}'=
an (s) 2 M+1 { higy(s)}Lx1
M , N +1 N J
G dy 0J/0C=0 )
A(s)  B(s) 031 0D =0
H(s) , : (5 (o), (7
dy=1 C D [ Y x} F
C={co,cC1, :CM}T:{Ci}(M+l)x1 x" ZlD - G ®
D={do.d1i, .dy. 1} ={d}nx -
SISO L h = [X]=-2Re([ PI"TTWI[W I[Q"]) =
Rehi +jIlmh(i=1 L), Reh; Imh [ Xkilm+n x(m+D)

E=W(s)B(s)[h- A(s)/B(s)]=

W(s)[ hB(s) - A(s)] (4)
(4) W(s)
1,
Levy ,
(12] 1/ B(s),
L J
C D

[YI=[PIT[WI[W ][P']+
[P ITIWI[W ][ P]
[Z]=[QIT[WI[W ][Q ]+
[Q ITTWIIW I[Ql=[2zi]lnxn
F=2Re([ PI'TTWI[W IR") =fy w1
G=-2Re([QI'TWI[W IR") = gn
pe(s) , ak(s) hi,
(8) ,
(1)

(8)



2 3
p(s)  a(s), -2Re Sy, k- 1=4m
a(s) = ps(s) =", Levy 2Im Sy, k- 1=4m+1
X =
W(s) =1 Richard- “'"I 2Re s 1 k- I=4m+2
N 2 -2lm S, k- 1=4m+3
(8) Y, Z ) 2Re Sky| k- N=4m
[4 14].
! - 2lm Sk’| k- N=4m+1
fi.=
SISO ““| - 2Re Sy, k- N=4m+2
(13)
! 2Im Sk k- N=4m+3
[5,6,15,1(7] ) 2Tky| k- 1=4m
Zk 1=\ - 2Tk k- 1=4m+2
Y
0
(8)
| v 0 A -2Tkn k- N=4m
[XT zHD} ={G} (9) gk =) 2 Ti.n k- N=4m+2
0
L
([Z21-[X1'[X]D=G- [X]'F (10) ‘m,k, | (Re S = Y [Pu(w) -
C=F-[X]D o
(10) C D Y O, (W) Re hi| W(s)|[%],Im S, = Z [Py (W) -
L

Z [pk (s) pi(s) + pe(s) pi' (s)]] W(s)|?=

1 k=1 (1)
0 k#lI
S , s= W
Pk (9) ®y (w) pc(s) =
jP), Dy(w) (18] .
Po(w) =1
q)l((A.)) =W

D (W) =D, 1 (W) +Y k. 1Py 2 (W) k>1

O (W) =P, @)/ f k>0
(12)

L
Yx = - MMk, M = Z_Z | Py (wi) -
W(()‘)i)|2

tk D, (W)
; k , Py (W)

, pe(s)

, Pe('s)
50 %
IXT1,F,[2],G

@ (@) Im h| W(s)]|?], Te) = Z [Py (W) -

D, ()| hw(s)]| 2]

3
K
k
[ UlkDk = Vi (14)
U= Z1e- [ XICL XTk, Vie= Fe- [ XTkF,
(10) , k
[U]1D1=V,
Ul,Do=V
[U]l2D> 2 (15
[UlkDk=V
Dk
szl, Dk D,
(15) Kx N ., D N
(15)

[ Z[U]E[U]JD: Z[U]Ivk (16)



4 2003
(17)
Ci= F- [ X]ID an 4
Richardson [t 31 4.1
, (15) Dy : [3]
, ; [6]
Richardson Dk
@], [©] D 1 (18)
’ 1
Richardson (16) 017, Table1 Parametersof the smulating model
Levy m
[5.6]
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Table 2 Identified results of coupled mode
[3]
f/ Hz €l % g €/ % f/ Hz € % g g/ %
1 49. 96 0. 080 0.029 3 2.33 50.000 0 * 0.03000 2x10 4
2 52.05 0. 096 0.026 0 4.00 52.0000 2x10° 7 0.025 00 2x10°°
3 55. 04 0. 072 0.029 8 0.67 55.000 0 * 0.03000 4%x10° 7
C g g 40 65 Hz, 3, [3]
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0 Table 4 The identified damping factors of
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Table 3 Theidentified natural frequencies of
different weight functions

1 2 3

filHz €4 % f/Hz €¢ % f/Hz €¢ %

1 49.17 1.70 50.09 0.18 50.06 0.12
2 51.61 0.75 5200 <10’ 52.00 <10’

3 5552 0.9 5503 0.05 5508 0.15
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