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Abstract : Aluminum electrolysis cells operate in complex environments influenced by the coupling effects of strong magnetic, electric,
and thermal fields, making them prone to grounding faults that significantly affect both production efficiency and safety. Existing
detection methods have limitations in precise fault localization and real-time diagnosis. To address these issues, a grounding fault
diagnosis method based on excitation coupling is proposed. An alternating voltage signal with an amplitude of 30 V and a frequency of
100 Hz is injected at the front end of the aluminum electrolysis series. The dynamic response of the alternating voltage across the cell and
its ground voltage is analyzed to examine the fault characteristics of the grounding system. It is found that, under normal operating
conditions, the circuit exhibits capacitive characteristics, whereas, after a grounding fault occurs, the circuit’s characteristics transition
from capacitive to resistive. A series of simulation experiments for both single-point and multi-point grounding faults are designed,
introducing the capacitive-to-resistive ratio as a fault diagnosis indicator. By comparing the electrical characteristics of the system under
normal and fault conditions, the following diagnostic criteria are proposed. When the alternating voltage across the cell exceeds a

threshold, the phase difference between the alternating voltage across the cell and the ground voltage is less than 10°, and the capacitive-
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to-resistive ratio exceeds 10*, a grounding fault can be confirmed. Experimental prototypes are established, and field evaluate have

validated the effectiveness of the method. The proposed method is suitable for online monitoring and real-time diagnosis, offering

significant improvements in both safety and economic efficiency in aluminum electrolysis cell operations. The results show that the

method provides an efficient and reliable solution for grounding fault diagnosis in aluminum electrolysis cells.

Keywords : aluminum electrolysis; excitation coupling; grounding; fault diagnosis; detection technology
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Fig. 1 Diagram of the power supply of the aluminum electrolysis cell
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Fig.2 AC equivalent circuit diagram of a single

aluminum electrolysis cell
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Fig.3 Simulation diagram for detecting the grounding fault location of 10 aluminum electrolysis cell
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Table 1 Simulation results of the aluminum electrolysis

cell under normal conditions

il FAZ I HL . /' V N2 o/ (°) L o«
1 1. 898 8x107° 87.25 1.31
2 1.708 9x107° 87.25 1.31
3 1.519 0x107° 87.25 1.31
4 1.329 2x107° 87.25 1.31
5 1.139 3x10™° 87.25 1.31
6 9.494 0x107" 87.25 1.31
7 7.595 2x107'° 87.25 1.31
8 5.696 4x107"° 87.25 1.31
9 3.797 6x107"° 87.25 1.31
10 1.189 9x107"° 87.25 1.31
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Table 2 Simulation results of the single-point grounding

fault of the aluminum electrolysis cell

—_— R A2 U L u, HANI2E AR o
u/V /V /(°)
1 2.5238x10™°  1.898 8x107° 87.25 1.31
2 2.524 6x107°  1.708 9x107° 0.07  1.59x10°
3 1.3130x10™°  1.519 0x10™° 87.25 1.31
4 1.111 0x10™  1.329 2x107° 87.25 1.31
5 9.191 0x107°  1.139 3x107° 87.25 1.31
6 8.282 0107 9.494 0x1071°  87.25 1.31
7 6.060 0x107°  7.5952x107"®  87.25 1.31
8 5.151 0x107°  5.696 4x107°  87.25 1.31
9 3.2320x107°  3.797 6x1071°  87.25 1.31
10 2.121 0x107° 1,189 9x107®  87.25 1.31
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Table 3 Simulation results of the two-point grounding

fault of the aluminum electrolysis cell

- R 22 L u, AHPL2E @ SR o
u/V /V /(%)
1 4,185 1x10™°  1.898 8x107° 87.25 1.31
2 4,183 9x107° 1.708 9x107° 0.06  1.59x10°
3 1.9929x107°  1.519 0x107° 87.25 1.31
4 1.9923x107%  1.329 2x107° 87.25 1.31
5 1.991 2x107¢ 1.139 3x107° 0.12  3.18x10°
6 1.994 2x107°  9.494 0x107"°  87.25 1.31
7 1.9950x107¢  7.5952x107  87.25 1.31
8 1.9929x10™®  5.696 4x107°  87.25 1.31
9 1.010 0x107"°  3.797 6x107'°  87.25 1.31
10 6.060 0x107""  1.1899x107*  87.25 1.31
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Table 4 Simulation results of the three-point grounding

fault of the aluminum electrolysis cell

- HAZ i L u, M2 o AL
u/V /v /(%)
1 6.309 1x10™°  1.898 8x107° 87.25 1.31
2 6.307 7x107°  1.708 9x107° 0.18  1.59x10°
3 4.5425x107°  1.519 0x10° 87.25 1.31
4 4.541 6x10°°  1.329 2x107° 87.25 1.31
5 4,540 3x10°°  1.139 3x107° 0.05  1.06x10°
6 5.047 0x1077  9.494 0x107°  87.25 1.31
7 5.052 0x1077  7.595 2x107"° 87.25 1.31
8 5.039 9x1077  5.696 4x107"° 0.18  7.95x10*
9 3.030 0x107""  3.797 6x107°  87.25 1.31
10 2.5250x107""  1.1899x107'*  87.25 1.31
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Fig.4 Flow chart for judging the grounding fault of

aluminum electrolysis cells
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electrolysis series and field experiment
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