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Influence of Structure of Modular Electromagnetic Logging While

Drilling Instrument on Measurement Signals

QIN Wenjuan', KANG Zhengming', ZHANG Yi’, WU Jie', NI Weining™*
(1. School of Electronic Engineering, Xi’an Shiyou University, Xi an, Shaanxi, 710065, China; 2. Xi 'an Research Institute Co. Ltd.,
China Coal Technology and Engineering Group Corp., Xi’an, Shaanxi, 710054, China; 3. State Key Laboratory of Shale Oil and Gas
Enrichment Mechanisms and Effective Development, Beijing, 102206, China; 4. Sinopec Research Institute of Petroleum Engineering
Co. Ltd., Beijing, 102206, China)

Abstract: Conventional electromagnetic logging while drilling is an important method for evaluating stratigraphic
fluids, but it does not have azimuth property. In this paper, a new modular electromagnetic logging while drilling
instrument was proposed with good azimuth detection property. In order to accurately understand the influence of
modular electromagnetic logging while drilling instrument on the measured voltage signal, a 3D model was established
using the finite element method, and the influence laws of various instrument parts were explored. The results show that
with the increased resistivity of the drill collar and antenna slot filling material, the received voltage signal has a sudden
change, which is closely related to the frequency and geometric size of the instrument. The resistivity of the cover plate
material has a great influence on the intensity of the received signal, and the cover plate should be selected with a little
lower resistivity than metal. The measurement signal increases with the increasing resistivity of the sensor body, so the
non-metallic material should be selected as the sensor body. When the resistivity of the instrument structure such as
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drill collar and filling material is low, the received voltage signal has obvious attenuation, and its influence can be

ignored when the resistivity of the filling material is high. By deducting the instrument response in the air medium, the
influence of the instrument structure can be well eliminated. After deducting the influence of the instrument structure,
the magnetic flux in the coil decreases, resulting in a smaller instrument signal than before. The research results can
provide a theoretical basis for the design and manufacture of actual logging instruments.

Key words: modularization; logging while drilling; electromagnetic wave; instrument structure; numerical simulation
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Table 1 Influence of antenna slot duty cycle on received voltage
L,=0.480 m 1,=0.635m
R K /m

HA R SV R RV RSV R REFRV

0.02 ~1.11x10™" 4.43x10”° -8.12x107"° -1.32x10"

0.04 -3.80x10™" 1.53x10™° ~2.85x10" ~4.43x10”

0.06 -5.12x10"" 2.12x107° ~3.93x10" ~5.98x10"

0.08 -5.67x10"" 2.39x107° ~433x10" —6.53x10"

! 0.10 -5.89x10™" 2.52x10™° —4.61x10" —6.81x10"
0.12 -6.01x10™" 2.59x10™° —472x10" —-6.91x10"

0.14 —6.04x10™" 2.61x10° —-471x10" —6.92x10"

0.16 -6.06x10"" 2.62x107° —4.79%10" —6.95%10"

0.02 -3.05x10" 1.38x10”° -231x10°"° -3.55x107"°

0.04 -1.06x10"" 4.52x10”° -1.82x107"° ~1.24x10"

0.06 ~1.45x10"" 6.33x10" ~1.14x10" -1.73x10"

0.08 -1.60x10™" 7.12%10” -1.32x10" ~1.85x10"

? 0.10 -1.67x10"" 7.39%10" ~1.33x10" -1.92x10"
0.12 -1.70x10" 7.62x10° ~1.35x10" ~1.94x10"

0.14 -1.70x10" 7.68%10° ~1.36x10" ~1.95%10"

0.16 -1.71x10°" 7.69%10"° ~1.41x10" -1.97x10"
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Fig.12 Influence of filling material on received voltage
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Fig.13 Influence of instrument structure on amplitude ratio and phase difference signal
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Fig.14 Comparison between voltage signals before and
after deduction of the influence of instrument
structure
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