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Abstract

Conventional methods to estimate natural frequencies and damping ratios of structures from
measured response time series obtained during impact tests are reviewed. Maximum Entropy
Method and Least Square Prony Method are introduced to alleviate the inherent limitation of
the conventional methods. The performance of the methods are explored through computer
simulation. As an example of application, they are applied to the time series obtained from an
anchor drop-and-snup test of a container ship and the result is compared to that of conventional
FFT method.

As a result of the computer simulation, it is found that Maximum Entropy Method is very
efficient to estimate natural frequencies of structures when two neighboring natural frequencies
are close enough and short data records are only available, but it is not a reliable estimator for
damping ratios. And it is also found that Least Square Prony Method is efficient to estimate
the natural frequencies and damping ratios of highly damped structural system, but the estimation
efficiency of damping ratios is significantly deteriorated in the presence of significant additive

noise.
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Fraguency

Fig. 2 Power spectrum of transient vibration
response of 1 d.o.f. system(f,=1Hz,
=0.05)
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Table 1 Estimated natural frequency and damping
ratio of 1 d.o.f. system by MEM (fz=2.5

Hz)
(Unit : Hz)
Order of 7rms/A=0.1 l 7rms/A=0.5
PEF

t=0.01 | ¢=0.05 | ¢=0.01 | ¢=0.05

8 2.55% | 2.59 2.67 2.80
(0.010) | (0.031) | (0.021) | (0.47)

16 2.54 | 2.57 2.50 2.46
(0.004) ; (0.020) ; (0.059) | (0.16)

32 2.5¢ | 2,54 . 252 2.50
(0.008) | (0.077) | (0.012) | (0.048)

48 2.52 | 2.48 2.51 2.47
(0.030) | (0.084) | (0.010) | (0.046)

64 2.50 2.43 2.51 2.49
(0.034) | (0.095) | (0.007) | (0.055)

* note: Upper value shows the estimated natural
frequency and Lower ome in ( ) shows
the estimated damping ratio
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Table 2 Estimated natural frequency and damping
ratio of 1 d.o.f. system by Original Prony

Method
(fn 2.5Hz)
r nrms/A_o. 1 ﬂrms/A 0.5
L
i £=0.01 j £=0.05 | £=0.01 | £=0.05
4 —_— — J— _—
8 2.49 2.49 — —
(0.020) | (0.0162)
16 2.404 2.37 2.14 —
(0.016) | (0.047) | (0.026)
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Table 3 Estimated natural frequency and damping
ratio of 1 d.o.f. system by Least Square
Prony Method

(fn=2.5Hz)
l nrm:/A:(]-l ﬂrms/AZO.S
J ¢=0.01 | ¢=0.05 | ¢=0.01 | t=0.05
4 2.53 2.54 ~ | —
(0.095) | (0.210)
8 2.50 2.49 2.53 2.54
0.011) | (0.052) | (0.092) | (0.194)
16 2.40 | 2.48 2. 44 2.42
(0-014) | (0.089) | (0.046) | (0.11)
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Fig. 6 Time series obtained from the accelerometer
at the middle of the stern of a 40, 000ton
container ship during an anchor drop-and-
snub test
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Fig. 8 Power spectra by MEM and FFT of the time
series obtained from the accelerometer at the
middle of the stern of a 40, 000ton container
ship during an anchor drop-and-snub test



94

MEM(256)
! FFT(1024)  -----
0.0~ FFT(256)

Relative to reak (DB)

2.9 4.2 B .0 8.0 10.0
Frequency (Hz)

Fig. 9 Power spectra by MEM and FFT of the time
series obtained from the accelerometer at the
top of the superstructure of a 40,000ton
container ship during an anchor drop-and-
snub test
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Table 4 Natural frequencies and damping ratios estimated from the time series obtained during

an anchor drop-and-snub test

(Unit : Hz)

Pevk Vertical vibration at stern f};retggg-fag;;elfsﬁﬁgﬁl?et Calculated results*
No. | MEM | FFT FFT | Prony | MEM | FFT | FFT Nat. Mode Sh )
| (256) | (1024) (256) (256) (256) | (1024) | (256) Freq. ode Shape
0.86 — | 08 - — . = ° = | 0.9 |2 nodes hull girder vertical
2 1.82 1.86 1.76 1.87 1.78 1.86 1.76 2.02 ! 3 nodes hull girder vertical
(1.8%)** (2.0%) ;
3 2.78 2.73 2.73 2.75 2.76 2.73 2.73 3.00 | 4 nodes hull girder vertical
(1.2%) (0.6%)
4 3.56 3.56 3.52 3.67 — — — | 4.18 | 5 nodes hull girder vertical
(1.0%) (7.0%) ‘
5 4.15 4.10 4.10 4.12 4.19 4.10 4.10 4.€8 | 6 nodes hull girder vertical
(1.0%) 0.9%) ‘ ‘
6 — - = — | 5.8 — | 5.8 | —
7 — — — — | 863 | 854 | 859 = —
8 - - - - | 9.37 — | 9.38  —

* The calculated results show the free vibration analysis with FEM conducted by BV for the sea trial

loading condition(8)

*% The value in ( ) shows the estimated damping ratio
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