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Numerical analysis of the low frequency quadrupole acoustic field excited by

eccentric quadrupole source with eccentric logging instrument in soft formation
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Abstract: In order to explore the influence of logging instrument eccentricity on low frequency quadrupole wave
field while drilling, numerical calculation on the low frequency quadrupole acoustic field excited by eccentric
quadrupole source with eccentric logging instrument in soft formation by using the finite element method is
carried out. According to the analysis results for the waveform of the quadrupole logging while drilling, when
using low frequency eccentric quadrupole source to excite the quadrupole acoustic field, there are two different
wave patterns in the received waveforms. In addition to the quadrupole wave pattern which propagation speed
equivalent to the shear wave velocity in soft formation, also there is another kind of wave pattern with a very
low amplitude and higher propagation speed than the borehole fluid velocity in front of the quadrupole wave
pattern, this wave pattern is called drill collar bend wave pattern, the amplitude of this wave patterns enlarges
according to quadratic low with the increase of eccentric distance of quadrupole source and the formation
quadrupole wave pattern increase according to cubic rule.
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Fig. 1 The profile view and vertical view of finite model
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Fig. 2 Excitation source waveforms in time domain and normalized frequency spectrum
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Fig. 3 The full wave calculating result of LWD quadrupole array reception waveform, STC, and dispersion figure

of quadrupole wave pattern for soft formation of the source in center of circle borehole using FEM method
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Fig. 4 The reception waveform at same position
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Fig. 5 The full wave calculating result of LWD quadrupole array reception waveform, STC figure, and W wave

pattern dispersion figure for the source off center 0.01 m of circle borehole using FEM method
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Fig. 6 Amplitude curve vary with the eccentric

position for the W wave pattern and the formation
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