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A study on the dominating signal types sensed by the transducers of monopole
acoustic logging-while-drilling
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Abstract: To understand the mechanical type corresponding to the measured signal and the distribution of the
corresponding type of collar wave in the drill collar, this paper compares the theoretically simulated acoustic
logging while drilling (LWD) waveform with the experimental waveform. Unlike predecessors who consider
piezoelectric effect or borehole propagation effect alone, when simulating the response of monopole acoustic
LWD, the transmitter, receiver, smooth drill collar and borehole structure are taken as a whole and the finite
element method was used to calculate and simulate the sound pressure signal and displacement signal recorded
by the receiver under the excitation of the voltage source. Comparing the simulated sound pressure waveform
with the voltage signal, we find that the relative amplitudes of the collar wave and Stoneley wave are quite
different, while the simulated radial displacement waveform is closer to the voltage signal. Further comparison
between the theoretical waveform and the voltage signal measured in the experiment of the small model well
confirms that the voltage signal is closer to the displacement signal but is significantly different from the sound
pressure signal. This shows that when the drill collar is smooth, the monopole acoustic LWD transducer mainly
senses the radial displacement signal. The research also shows that the energy of the collar wave in the sound
pressure signal is mainly concentrated on the inner wall of the drill collar, while the energy of the drill collar
wave in the radial displacement signal is mainly concentrated on the outer wall of the drill collar.
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Fig. 3 Time domain and frequency domain waveforms of excitation voltage
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Fig. 4 Comparison of acoustic and electrical signals at the receiving transducer in FEM model
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