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Analysis of Damped Vibration Signal using Empirical Mode Decomposition
Method
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ABSTRACT

Empirical mode decomposition(EMD) method has been recently proposed to analyze non-linear and non-stationary data. This
method allows the decomposition of one-dimensional signals into intrinsic mode functions(IMFs) and is used to calculate a
meaningful multi-component instantaneous frequency. In this paper, it is assumed that each mode of damped vibration signal could
be well separated in the form of IMF by EMD. In this case, we can have a new powerful method to calculate natural frequencies and
dampings from damped vibration signal which usually has multiple modes. This proposed method has been verified by both
simulation and experiment. The result by EMD method which has used only output vibration data is almost identical to the result by
FRF method which has used both input and output data, thereby proving usefulness and accuracy of the proposed method.
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Fig.2 Original data signal (solid line), upper and lower

envelope(dash curve), and mean (bold curve)

o

$2 0.4 08 0.8 12

Time(s)
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Fig.6 IMF 1, IMF 2, IMF 3, residual
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Table 1 The result of theoretical values and EMD
values

Theoretical value EMD value
Frequency | Damping | Frequency | Damping
[Hz} Ratio(%) [Hz) Ratio(%e)
Model 50 1 50.0 1
Mode2 150 0.3 150.1 0.3
Mode3 300 0.2 300.1 0.2
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Table 2 The result of LMS CADA-X and EMD

LMS CADA-X EMD
Frequency | Damping | Frequency | Damping
[Hz) Ratio(%) [Hz] Ratio(%)
Mode0 — — 98.61 0.013
Model 134.23 0.341 134.39 0.321
Mode2 217.44 0.230 217.69 0.163
Mode3 329.75 0.108 329.72 0.105
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Fig. 8 Original data x(?), IMFs(c,(¢),c,(t),c,(t),
¢,(?)) and residual( #(¢))
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