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(Development of a Modal Parameter Estimation Method Using

Optimization Techniques)
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Table 1. Comparison of the two optimization methods when applied to modal

parameter estimation.

method estimated ameters
exact steepest descent Fletcher-Powell
parameters modal . modal .
initial value constant [red- (Hz)  damping constant  req- (Hz)  damping
05 300 0.1 20 310 05 05481 309993 01144 | 05000 300000  0.1000
T 100 350 1.0 1.3918 351000 395171 0.5000 300000  0.1000
05 300 001 20 310 05 06785 30,6966 0.0387 0.5000 300000 00100
R 100 350 1.0 1.3024 361015  37.778 0.5000 30.0000 0.0100
20 31.0 05 1.2230 309634 0.0592 0.5000 30.0000 0.0010
05 30.0 0.001
100 35.0 1.0 2.0263 350946 320390 0.5000 300000 0.0010
Objective ft ion (freq y = 30.0)

0.20

e
@«

33 2AREA

Damping Ratio

’ Residue

Fig. 1. Objective function of the single degree of
freedom system when its damping ratio is small.
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Table 2. Comparison of the two modal parameter
estimation methods when modes are well separated.

] 10 20 40 50

30
Frequency (Hz2)

Fig. 2. Comparison of the measured and synthesized
FRFs at a local minimum point.

method

resolution parameters Fletcher Powell e)((:g:)!;l:t)i( al
modal constant | 0.1000 0.2000 | 0.1000 0.1999
04 Hz frequency (Hz) | 20.000 120.000 | 20.000 119.871
damping (%) | 0.1000 5.0000 | 0.1001 5.1465

modal constant | 0.1000 0.2000 | 0.1000 0.1959
0.8 Hz frequency (Hz) | 20.000 120.000 | 20.000 119.997
damping (%) | 0.1000 50000 | 0.1000 4.9498
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Table 3. Comparison of the two modal parameter
estimation methods when modes are well separated.

lrnethod parameters Fletcher Powell comple)F
resolution exponential
modal constant | 0.1000 02000 | 0.1000 0.1994

0.08 Hz frequency (Hz) | 20.000 20.500 |20.000 20.501
damping (%) | 0.1000 50000 | 0.1000 4.9805
modal constant | 0.1000 0.2000 0.1013 0.1966

0.16 Hz frequency (Hz) |20.000 20.500  {20.000 20.494
damping (%) | 0.1000 5.0000 | 0.1012 5.0198

T T T T T T

Measured

~~~~~ Flatcher-Pawel
===~ complex sxponential

Magnitude (m/N)

104 k. V- | L L L 1
0 10 20 30 40 50 0
Frequency (Hz)

Fig. 3. Measured and synthesized FRFs for the
system with two closely spaced modes.
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Table 4. Estimated modal from
experimental results.

parameters

initial parameters estimated parameters
Mode |frequency| damping | modal |frequency| damping | modal
(Hz) (%) |constant] (Hz) (%) |constant
1 35.0 100.0 10.0 32.1405 | 1.0256 | 4.0063
2 120.0 100.0 1.0 11239697 | 06374 | 1.4748

Measursd

= = > - - Synthesized

Magnitude {(m/N)

50 ’ 100 150 200
Frequency (Hz)
Fig. 4. Comparison of the measured and synthesized
FRFs of the cantilever beam.
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