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Abstract

A modal analysis method has been developed in the paper. The method estimates the modal
parameters of multiple input-output systems, assesses their quality, and seperates structural
modes from computational ones. The modal parameter extraction algorithm is the least squares
method with a finite difference model relating input and output time data. The quality of the
estimated system model can be assessed in narrow frequency bands by comparing the measured
and model predicted responses in time domain with the aid of digital filters. Structural modes can
be effectively separated from computational ones using the convergence factor which represents
the pole convergence rate. The modal analysis method has been applied to both simulated and
experimental vibration data to evaluate its utility and limitations.
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Table 1 Quality factors for increasing model
orders when noise is added

Noise level Model order Q factor

4 0.861

6 0.937

5% 8 0.941
10 0.942

12 0.945

4 0.762

6 0.875

8 0.880

10 % 10 0.881
12 0.887

14 0.893
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Talbe 2 Modal parameters extimated with model order 14 when 10 % noise is added

Exact parameters Estimated parameters

1(211:1?) Da{;f)i ng Residue IZI{Iezq). Dazn%i))i ng Residue
9.836 0618 | 0224E-2 | ~—900 | 9.838 0.642 | 0222E-2 | ~—918
e 1618 | 0224E-2 | 2—90.0 | 25599 | 2369 | 0.242E-2 | ~—89.7
0.362E-2 | 2—90.0 0.370E-2 | 2-90.1
Ha 0.138E-2 | £ +90.0 0.154E-2 | ~+93.1
0.585E-2 | £—90.0 0571E-2 | 2—90.6
Ha 0.854E-3 | ~—90.0 0.111E-2 | 2—887
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Table 3 Convergence factors for 10 9% noise level
and model order 14

z-pole IZ‘;IeZ(%. Dag’%p)ing Conf\;irt%ince

0.833+30.159 | 3.980 | 65.869 0.118

0.812+j0.577 | 9.838 | 0.642 0.965*

0.379+430.826 | 18.226 8.326 0.376
—0.036+j0.962 | 25.599 2.369 0.760*
—0.421+30.788 | 32.866 5.454 0.182
—0.692+j0.489 | 40.303 | 6.538 0.139
—0.817+j0.146 | 47.286 6.271 0000

*Indicates structural modes



2002 o]

09 1

Q7|
0.6/

imaginary
[
¥

04

02 -

a1

46 04 02 4 02 04 0.6 08

real

Fig. 5 Convergence of poles

frame

flexible
string

accelerometer

force
transducer

electro—dynamic
exciter

Fig. 6 Experimental setup of the plate test

Hz 2z9 256Hz =&

=49 "23741 = 0.9652}
2A U] FAEC v & o § =2 &
a2 9ok, @M FEHASE ApEsted AA

= ¥ 4 9ee @

FAds

l%
£ 44458 B

el
oo
I h
td
[t
A_,
o
et

Ao BusA 242

Sk
A
¥ 4UA4E ZETE ANE ¢ 4 Uk

32,1 AEEx

E mrsdude }—5—}1 4
F14l
% Fi

Z g9
3 &

Al A 2 71 3toll A
ste] 29022 A 2o g AY
o}, 800x480x 12 mm®2] Perspex &2 o]
63} 7ol 479 AlEA o] Ue TE
o 4%o] & wigglch, FeoE

’“l° ok:‘.

0.:',

E
ekl
A

4n 02w

9

kil

=3

Table 4 Quanlity factors of the plate for increas-
ing model orders

Model order Q factor
6 0.570
8 0.779
10 0.891
12 0.923
14 0.927
16 0.935
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Table 5 Modal parameters for H,; and conver-
gence factors estimated with model order

2003

Table 6 Comparison of the natural frequencies
estimated by the least squares method

and the finite element method

16
Freq. Damping . Convergence
Hz | %) Reside factor
39.06] 3.641 ! 0.167E+2 2+ 921 0.988
46.58| 20.070 | 0.780E+0 2« — 325 0.256
90.41( 3.035| 0.264E+2 «+ 914 0.972
111.29| 10.738 | 0.674E+1 2« +109.9 0.252
113.92] 4.435( 0.342E+2 £ +102.1 0.820
139.70| 4.543 | 0.583E+2 « +118.1 0.813
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Fig. 7 Synthesized frequency response function H;,
of the plate
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