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Research on the handheld fiber-optic current sensor for aluminum
electrolysis current measurement
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Abstract: Current intensity is the basic parameter of the electrolytic aluminum process. The accurate measurement of electrolytic cell
current is beneficial to improve the production efficiency and work stability. This article analyzes in principle about the reason why the
fiber-optic current sensor has high accuracy in electrolytic aluminum current measurement compared with the traditional current
measurement technology. To reduce the repeated disassembly and assembly error and high current temperature error of fiber-optic current
sensor in field applications, innovatively proposed key technologies such as the sensing optical fiber plug-in scheme based on flexible
packaging, two-dimensional compensation of temperature error and nonlinear error, etc. The handheld fiber-optic current sensor is
designed and developed for the first time. The test results show that the error of the sensor under repeated disassembly and assembly is
less than 0. 12% , the error when measuring 0. 5~30 kA current in the temperature range of —40°C ~70°C is less than 0.2%. When
measuring the column bus current in an electrolytic cell, the error with the displayed value in the control room is less than 0.4%.
Through the continuous monitoring and analysis of the distributed current of the cathode soft discharge, the early warning of the damage
of the electrolytic cell is realized.
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(a) Anode current measurement scheme using equidistant
voltage drop method
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(b) Anode current measurement scheme based on Hall sensor
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(c) Current measurement scheme based on optical fiber sensing
13 e il 8 Jr ik 1 Je 2R

Fig. 1 Schematic diagram of three current measurement methods
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Fig.2  Simulation model of polarization-maintaining fiber
on-axis error angle, sensor error and polarization-maintaining

fiber polarization crosstalk
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Fig.5 Handheld fiber-optic current sensor
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Table 1 Nonlinear test data of fiber-optic current sensor Table 2 Full temperature error test results after 2D
in full temperature error compensation
L —40CiR  -20CiR 0CiRE 20CHR 40CiRk  70CiHR L —40CiR  -20CiR 0CiRE 20CHR 40CiRk 70T
/kA 25/% £/% /% /% 2/% /% /kA 25/% £/% /% /% 2/% /%
0.5 0.85 0.58 0.37 0.11 -0.22 -0.59 0.5 -0.02 -0.04 0.00  -0.02 -0.01  0.09
1.0 0.04 -0.00 -0.01 0.01 -0.00 -0.01
1.0 0.87 0.61 0.38 0.12 -0.19 -0. 65
2.5 0.12 0.04 -0.01 0.03 -0.01 0.03
2.5 0. 84 0.58 0.35 0.12 -0.22  -0.57 40 0.12 0.03 0.01 0.08 Z0.11 0.05
4.0 0.83 0.56 0.35 012 -0.23 -0.55 5.0 0. 14 0.09 0.02 0.07 -0.11 0.0l
5.0 0. 81 0.55 0.34 0.12 ~0.23 ~0.53 15.0 0.11 0.03 -0.02 -0.02 -0.07 0.01
30.0 0.02 -0.12 -0.13 -0.08 -0.06 0.20
15.0 0.31 0.15 0.09 -0.03 -0.20 -0.31
30.0 -0.51 -0.47 -0.33 -0.20 -0.05 0.24
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Fig. 6  Error test results with repeated disassembly of

handheld fiber optic current sensor
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Fig.7 Nonlinear error test data in full temperature and

1001 61.58 65 64.8 61.22 252.6 251.7 0.36
4001 62.8 63.47 62.96 63.52 252.75 252.4 0.14

2D modeling model of fiber optic current sensor 5001 60.58 64.09 64.74 60.93 250.34 250.9 -0.22




46 & L £ ¥ W

43

4.4 SRRREARINESHRANE

2 BN PR A A R LA B S ke B A 40 ) T
PRIRZS , B T3 O T A 1 SR X 21 b e M 11 B A3
B AT L TREAT WD, P 9 () by BT A 00 42 v D Y
55t 1 9 (b) S BARCE#E 7 A FL 3L A B 00 it 42, DA
PRl LA 10 5 BB A9 0 HL ad K, 28 HE £ 2 B i
ARAFAERSAR U, T ZE SRS, 3 ek 0F PR 0 L U 1)
T M A R PR T TR T R AR R A O

(@) HE AL AP A A 400 e rL LI X470 3¢

(a) Current test scene of the cathode steel rod of an electrolytic cell
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