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Abstract

This paper focuses on the research of an azimuthal electromagnetic wave resistivity logging instrument
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system, aiming to design a strong environmental adaptability and compact azimuthal resistivity detec-
tion system. The system, composed of a drill collar structure, antennas, and electronic circuits, can ac-
curately reflect changes in formation interfaces. By fully utilizing the structural space and placing the
circuit installation slots between the antennas, the length of the azimuthal resistivity sub is significantly
shortened. This allows for near-bit azimuthal resistivity measurement applications, thereby effectively
enhancing geosteering performance. The transmitter power is designed to be adjustable; itis regulated
using the magnitude of the received signal as feedback, which provides stronger environmental adapt-
ability and improves measurement accuracy. Similarly, the receiving circuit also possesses adaptive
control capabilities to automatically adjust the gain of the received signal. The correctness of the de-
signed circuits, antennas, and algorithms has been verified through a proof-of-concept system test for
the azimuthal electromagnetic wave resistivity instrument.
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Figure 1. Schematic diagram of the azimuthal resistivity sub
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Figure 2. Schematic diagram of the geometric structure of the azimuthal resistivity sub
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Figure 3. Schematic diagram of the electrical layout of resistivity circuit sub
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Figure 4. Schematic diagram of the electrical connection relationships of each circuit in the azimuthal resistivity sub
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Figure 5. Electromagnetic wave resistivity workflow diagram
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Figure 6. Lateral receiving antenna edge probing signal principle diagram
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Figure 7. Stratigraphic model and response curve diagram
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Figure 8. Design diagram of the azimuthal electromagnetic wave signal processing algorithm framework

B 8. 5B RS S R ARG E
4. HEZIT
4.1. RN & STH BRI

RS HL % o L AR YR L B RS 5 IR B H R ZE . R S HL R e R AR I SR B T I R AR R B R i —
N [a] (8] B A& 1% 2 MHz J 100 KHz {55 . &5 FL B S BRAE P 4] 9 flras . AR R k%00 DDS,  HREH: v
E TR RGIEREMIMNS . DDS EH AD9850, H AR T 14 10 Bit 1) D/A 8488 1 A mid b,
SR NEA S 7RSS AER, AP @ Oss 0 V0 SR AHEE, A SE I 4
EEMAE. M RIEE R ES. ADC & H &M AD7872TQ, 14 Bit E4LKEE, SPI¥WE# M, 10 KHz
FINAZEIT SNR 2 80 dB, A/D HeHeif [ 57 ns, 83 kSPS 4 &t 2.

DOI: 10.12677/jsta.2026.141019 185 e IR A 5 8 FH


https://doi.org/10.12677/jsta.2026.141019

MR 55

NPRIEARS 5 2 PR BT R i A ORISR i RV Y, ROBEAME AT A 2 T KN, XA SRR
B et RS 5 FORIME RS, 0 A S D3R AT T N AN A5 5 R (B ) AR
10 Jse REME S, E5EE DDS HARASHE S0 N HIHMERUE, 280l AT DL IR 2 AR g I
M AR, A DAEZIEEH ik H 2 100 Q'm Hﬂ‘E"J%&%ﬂE, 23 R A RS 5 B AR B S A S R
LR ER . NAS BIRE E HERA RIS S, SERTAERF 20 ms Ja REEACHR R (IR E ik . 5 I8 fE
JEAS T /NI, W DDS 5 ANHE, Ml = (Bﬁ/J\IEJﬂ{E — MEE)/MEE < E—KEANE.

A/D Ve R A

s

3]

REHEHl [ ) AD9850 Filter IES N Rk

CLK

Figure 9. Transmitter circuit principle diagram
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Figure 10. Adaptive transmission signal amplitude control flowchart
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Figure 11. Receiving unit functional block diagram
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Figure 13. Diagram of the azimuthal electromagnetic wave resistivity principle system test
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Figure 14. Diagram of the processed signal from a vertical antenna
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Figure 16. Diagram of the acquired received signal from the acquisition and control circuit (with a phase difference of 180°)
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Figure 17. Diagram of the acquired received signal from the acquisition and control circuit (with a phase difference of 90°)
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Figure 19. Diagram of the amplitude ratio calculation control

circuit (with a phase difference of 90°%)
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