Journal of the Korea Institute for Structural Maintenance and Inspection
Vol. 19, No. 5, September 2015, pp.030—-037
http://dx.doi.org/10.11112/jksmi.2015.19.5.030

PISSN 2234-6937
elSSN 2287-6979

Estimation of System Damping Parameter Using Wavelet Transform

Seok-Min Lee', Beom-Seok Jungz*, Seok-Woo Hong3

Abstract: The estimation of system damping parameter of the response signal with lower natural frequency and higher damping parameter from free
vibration is affected by the wavelet center frequency. This study discusses these considerations in the context of the wavelet’s multi-resolution character
and includes guidelines for selection of wavelet center frequency. The experiment with H-Beam and numerical examples with respect to three cases
()single mode, (ii)separated modes and (iii)close modes demonstrate the validity of method to improve the accuracy of the estimated damping parameter.
The localization of the corresponding scale for the total scales is determined by the natural frequency of the analysing mode and is affected by the wavelet
center frequency. Thus, the reliability for the accuracy of the estimated damping parameter can be improved by the corresponding scale of the natural

frequency for the analysing mode is localized at the half of the total scales.
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Table 1 Analysis Conditions for Single Mode with Various Damping

Ratios and SNRs
eV G Ui Y
[Hz] Length [rad/sec] [Hz] Scale
204.8 2048 1.5 4 240

Table 2 Analysing Results for Single Mode with Various Damping
Ratios(Corresponding Scale=77, Scale Frequency=3.988

Hz)
Theoretical Damped Natural ~ Estimated

Damping SNR  Frequency Damping Ezror
Ratio [Hz] Ratio %]
0.02 3.999 0.02000 0.00
0.03 3.998 0.03000 0.00
0.04 3.997 0.04000 0.00
0.05 3.995 0.04999 0.02
0.06 3.993 0.05999 0.02
0.07 3.990 0.06991 0.13
0.08 00 3.987 0.07985 0.18
0.09 3.984 0.08973 0.30
0.10 3.980 0.09963 0.37
0.11 3.976 0.10932 0.62
0.12 3.971 0.11914 0.71
0.13 3.966 0.12889 0.85
0.14 3.961 0.13858 1.01

Table 3 Analysing Results for Single Mode with Various SNRs

Theoretical Damped Natural ~ Estimated
. . Error
Damping SNR  Frequency Damping (%]
Ratio [Hz] Ratio °
) 0.04000 0.00
30 0.03979 0.52
20 0.03949 1.28
0.04 3.997
10 0.03901 2.46
1 0.03692 7.69
0.5 0.03664 8.39
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Fig. 2 Analysing Results for Single Mode with Various Wavelet
Center Frequencies and SNRs
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Table 5 Analysis Conditions for Separated Modes with Various

Damping Ratios
: Wavelet Undamped Natural
Sampling Data Center Frequency [Hz] Total
Frequency
q Length Frequency Scale
[Hz] [rad/sec] 1 Mode 2 Mode 3 Mode
204.8 2048 1.5 2 5 9 240
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Fig. 3 Analysing Results for Separated Modes with Various Wavelet
Center Frequencies and SNRs

Table 8 Analysis Conditions for Close Modes with Various Wavelet
Center Frequencies and SNRs

Theoretical Undamped Damped
. Natural Natural Total
Mode Damping

Ratio Frequency Frequency Scale

[Hz] [Hz]

Ist 0.06 2 1.996
2nd 0.05 2.5 2.497 480

3rd 0.04 3.5 3.497
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Fig. 4 Analysing Results for Close Modes with Various Wavelet
Center Frequencies and SNRs
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Photo 1 H-Beam Test Set-Up
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Fig. 5 Time Domain and Frequency Domain for Measured Signal

Table 9 Analysis Conditions for Experiment
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Frequency Length [Hz] Scale
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Fig. 6 Analysing Results for Experiment

Table 10 Analysing Results for Experiment

Estimated Damping Ratio

Mode
Case 1 Case 2 Case 3 Case 4 Case 5
1st 0.00620  0.00613  0.00614 0.00613  0.00617
2nd 0.00547  0.00551 0.00544  0.00550  0.00551
3.8 B

golHel Mgk 2 5t sk o188l 74 st 7]
H@re] FAFsheo] wet B4 21U W97} BeA
3, 3 Fsheo] TRk A1 5] WHEF7] o} g4l uof whE o
UA) 24k SESLE AT o] Sk

ol 88l Weke 2 89 halule] B g A5 7}
AHI7L 255 Q3 AR Ak, o) ZAN AYSS
A5 U7 FE5] 244517 WEo|H, WHE Ui 2
A & BATPS R AL BFY)9 L R RSE @),

Aol B /AP FAFFE FHSTA sHe A%
of 31§}l whe} Pe) 2-g5]ojof B, ol B3 WMk
2 ARET 2AYFE 2 A EE of3E  glow, b
& 2AY( T3 ) & g AT & T el
o YT, Fe 2AYATI G W Az v
Fo 73 el sig ATk BET SHE A5 A9 7
A7k e BE RS HaA A5 WMEE]7E 0] HE
o s HFTG7} 1A 2ADe] e A Felel 9
A 171 A AT S A Gl 15131
2 Foh Bl 0.2 Qlstel ok s fick vy
M7 BE e A7) HA8] A7)
27190 91218 79 5 e A7 o] eja) A ol =
& Bo] WA B3, e 7o) 91K A9 A

oR Fl° i &f

H Yl
2
_L:_i:.
9l



EF7 2 Qlsle] af-Fulro] tlgH =
bR ek whebA) vl e
AY FAro] AN G FABIEE &, 217)
o] teH= A Yo] AA 2A1Y9) 120 X5
3= Zl0] o3 Hrk o) F 9l8te] WA WA 2AY
Asha AR 24D 120] S = 2ADL G F
(5)°l we} ol Bel AF G| FAFarE Atete]
2w) 71ell 2 5k o] 2abE 2 4 Sl Pl B
T

Al

ol
X 2

rlr 1;?

o I
=°.LL
m[o ki
o g N[y

SR
2
L o g

N
=

a—

il
r
=
do

oy

—

ARl =
2 =2 20153PA 5 Foftheta wujdTtHle] o&) <
TEHAFULE (FAHZ 2015AA145)

References

1. Chui, C. K. (1992), Wavelet Analysis and Its Applications: An
Introduction to Wavelets, Academic Press, New York, 49-74.

2. Curadelli, R. O., Riera, J. D., Ambrosini, D., and Amani, M. G.
(2008), Damage Detection by Means of Structural Damping
Identification, Engineering Structures, 30, 3497-3504.

. Feldman, M. (1997), Non-linear Free Vibration Identification via

The Hilbert Transform, Journal of Sound and Vibration, 208(3),
475-489.

. Hur, K., and Santoso, S. (2009), Estimation of System Damping

Parameters Using Analytic Wavelet Transforms, IEEE Transactions
on Power Delivery, 24(3), 1302-1309.

. Kijewski, T., and Kareem, A. (2003), Wavelet Transforms for

System Identification in Civil Engineering, Computer-Aided
Civil and Infrastructure Engineering, 18, 339-355.

. Park, H. G. (2005), Application of Wavelet Transform in Estimating

Structural Dynamic Parameters by Vehicle Loading Test, Journal
of the Korea institute for structural maintenance inspection,
KSMLI, 9(2), 129-136, (in Korean).

. Paz, M. (1997), Structural Dynamics: Theory and Computation

(Fourth Edition), Chapman & Hall, New York, 31-44.

. Sarparast, H., Ashory, M. R., Hajiazizi, M., Afzali, M., and

Khatibi, M. M. (2014), Estimation of modal parameters for
structurally damped systems using wavelet transform, European
Journal of Mechanics A/Solids, 47, 82-91.

. Slavic, J., Simonovski, 1., and Boltezar, M. (2003), Damping

Identification Using a Continuous Wavelet Transform: Application
to Real Data, Journal of Sound and Vibration, 262, 291-307.

Received : 02/23/2015
Revised : 03/25/2015
Accepted : 04/17/2015

2 R ATl N o83l MEHE A 83 A28 G| Bbol QoA AT AT el S8k, WA e g4 E
S Bl Elsfel Aol ATl ST ST RS AU, o] F1Sjed Y w2 e 2B YR Tk
o|AA7) B2 F3 RE A5 Y RE Ful ARE 2A K F R 450 thalel £H314 0.2 BAST, HoBeam & F8 A4
B ST BAShA s mEe) wgFy Lﬂﬂiﬁ%ﬂmim°%ﬂ%iﬁiﬁﬂ%ﬂﬂﬂm°*ﬁ%4ﬁﬂ%4ﬂi
Bl 71 A Ee] AT G2 0 Btk g 7 B 1f skl thss 2A Yol AA) 2AY 120 915 £5 dlo) 2T
A G| FAFSG7E A e w) k41 0] ol Tiek A1) o] a4 Zlolek,

NGOl : 245 Bk ol Hel FAFIL, dolBel Mk

J. Korea Inst. Struct. Maint. Insp. 37



