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Sensor optimization design of low coupling electromagnetic
conductivity measurement system

Sun Bin Ni Shuang Zhu Qing Chen Xiaohui

(School of Automation, Nanjing University of Posts and Telecommunications, Nanjing 210046, China)

Abstract: This paper addresses the optimization design problem of electromagnetic conductivity sensors for low conductivity
measurements. The working principle of electromagnetic conductivity sensors is analyzed, and a physical model is constructed. The
influence of excitation signal parameters, magnetic core dimensions, core spacing, excitation coil turns, and receiver coil turns on the
output voltage is considered. An improved model for electromagnetic conductivity measurement is proposed, taking into account the
multiplicity of excitation frequencies. Specifically, the excitation frequency directly affects the output voltage and also modifies the
magnetic permeability of the core through the magnetostrictive effect, thereby influencing the output voltage. Theoretical analyses of the
main parameters, such as frequency, spacing, and turns, are conducted using a comparative approach with experimental results. It is
found that it exists an optimal frequency range where the output voltage remains relatively stable despite fluctuations in frequency. By
adjusting the spacing between the two magnetic cores, coupling voltage between them is reduced, resulting in a higher proportion of
effective signals and improved accuracy. The accuracy of the theoretical model is verified through experimental validation. Furthermore,
the optimized parameters are employed in the design of a conductivity probe, which is calibrated using conductivity standard solutions.
Comparative experiments are conducted with a German-made conductivity meter from Bode to calculate the Pearson correlation
coefficient, demonstrating the accuracy and high reliability of the optimized model.
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Fig. 1 Cross section view of magnetic core
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Fig.2 Schematic diagram of coil winding
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Fig. 3 Schematic diagram of probe structure
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Fig.5 System workflow diagram
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Fig. 6 Winding combinations of different materials
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Table 1 Frequency and liquid circuit Voltmeter
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Table 2 Excitation voltage and liquid circuit Voltmeter
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Table 4 Standard liquid conductivity and fitting data
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Table 5 Comparison data between the
system and conductivity meter

FAE/(pS-em™) AHL/ (pSem™) AR/ %
337 337 0
373 375 0.54
435 437 0. 46
546 548 0.37
640 636 0.63
786 786 0

XFF L IREEE , A SCR A pearson #H5¢ 2R BTk 43
HrECHE AR 1 DA R RR e M AR AN R
TR pearson HHFERECH 0.999 92 AEH LT 1, BIR
X ZH B 2 (L7 A A 8 A S M AE e, ik i — 20 52
R T A B RGN F A SR AT LU AR R QR T H o

ML
4 & it

AR SCR AT MnZn GAE AR, 38 52 73 B L S 24
P BROR  BFE T — S RO i LT 20, 45 45
SNV NS N AL I A i S T I R 4 1
SEATAE, e HUR US89 9k, A R STk
BT FAR (iAo i el S AR A /R AT BT AR

I A B 75 S BT AR R S R B I A Y
HL S AR A RE S R I B 5o O S R U
AL IR IRELE 1% LA, IEW T AR R 5 52



552 R Fey

FL R SR S R R B IR fL i - 137 -

e AR AR 0 A LM AR S, LB A P i A 2

it

T A R e ) SR, AT A — E R b

BRI
&% 3k

(1]

(2]

(3]

[4]

[5]

[6]

(7]

[8]

SKFEEL, SRARZE TAKEE A5 RGN 3 S R AR R
SRR R [ T]. W FEH R ¥R ,2021,40(1) .
71-79.

ZHANG ] H, ZHANG J J, WANG L J, et al. Study on
the multiparameter

performance of electromagnetic

induction conductivity sensors [ J]. Journal of Ocean
Technology, 2021,40 (1) 71-79.

2P, R TR, SF B AL 2 R AR AR R
WIFEL ] HEEEBOR 44k, 2014,33(3) :18-22.

LAN H, WU SH, CHENG M,
inductive conductivity sensor technology [ J].
Ocean Technology, 2014,33 (3) . 18-22.
AR, X BE, AR BT I, 45 — o Y A 25 2 5 0 A )k
AT (1], R EOR 5 1L 14y, 2020 (8) : 13-
17,80.

CHEN X, LIU Y, XU M G,
capacitive [J].
Technology and Sensors, 2020 (8) . 13-17,80.

WANG D, FU Y, LIU Y, et al. A comprehensive uncertainty
evaluation of double-sensor conductivity probe [ J ]. Progress
in Nuclear Energy,2021,136.:103741.
HUI S K, JANG H, GUM C K, et al.

inductive conductivity sensor for measuring electrolyte

et al. Research on novel

Journal of

et al. Design of a novel

conductivity  sensor Instrument

A new design of
concentration in industrial field [ J ]. Sensors and
Actuators A Physical, 2020, 301. 111761.

SR . W37 XN 30 5 A% R R 4G E i A
MM T]. T 2a4ik, 2011, 32(2) :4.

ZHANG CH, HU B. Preliminary study on the influence
of magnetic field on the verification process of inductive
conductivity sensor [ J]. Journal of Metrology, 2011,
32(2) :4.

HE. NABREAR PR AR SR S G EFE [ D).
A5t v B A B O A (b R A B 4 B E 5
ff) ,2018.

ZHAI K. Research on magnetoelectric coupling effect and
[D].
University of the Chinese Academy of Sciences (Institute
of Physics, Chinese Academy of Sciences), 2018.
eV, e SCEE, AR, A5, T i BR SRV TE S AR e
PR B ()] W B 2A 4, 2020, 69 (1) :
323-331.

YEK P, PEL W J, XI X,

magnetic

related devices in hexagonal ferrite Beijing

et al. The role of rotating

ferrite in achieving low-frequency

electromagnetic wave absorption [ J ]. Acta Physica

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

Sinica, 2020, 69 (1) 323-331.
B, XUBE A0 W, &5 — b 0 A 25 50 3 R AL R
IR [J]. A FEE AR 5L, 2020(8) : 12-

17,80.
CHEN X, LIU Y, XU M G, et al. Design of a novel
capacitive conductivity sensor [ J ].  Instrument

Technology and Sensors,2020(8) :13-17,80.

SERTE. M) b T S R S R R e T L
PEREBFGT[ D]. 220 . 22 M K24, 2021.

DOU ZH Y. Study on high-frequency electromagnetic

properties of ball milled carbonyl iron and iron nickel with

orientation and surface modification [ D ]. Lanzhou:
Lanzhou University, 2021.
GHOSH M K, GAO Y, DOZONO H, et al. Numerical

modelling of magnetic characteristics of ferrite core taking
account of both eddy current and displacement current[]J].
Heliyon, 2019.

PAN P, ZHANG N. Hysteresis
magnetodielectric effect in Mn-Zn ferrite [ J .
Status Solidi(b) ,2018:1700551.

BOGGI S, FANO W G. Numerical response and

causality study of the magnetic permeability-frequency

behavior of the

Physica

function of NiZn ferrites using genetic algorithm [ ] ].
Journal of Magnetism and Magnetic Materials, 2019,
500:166305.

TR SR, R A A — Rl R B R AR O
L A DU H % [ ], [ Ah H A R 2023,
42(3) .137-144.

SU SH J, GUO Y SH, WU M X, et al. A high-precision
range adaptive conductivity detection circuit [ J]. Foreign
Electronic Measurement Technology, 2023,42 (3) . 137-
144.

230, kAR, BBR, S — R B T K B A
PR BB [T ] TR RO 22 # (A SRR R
2019,40(5) :19-24,5.

LI W, ZHANG ZH Y, LYU H, et al. Design of a high-
precision conductivity water quality detection sensor [ J].
Journal of Henan University of Science and Technology
(Natural Science Edition) , 2019, 40 (5) . 19-24,5.
PRI AR S A, S0, A — R R S A Ty
ERFEL) ] AR ,2016,23(9) :22-24.
TANG T B, YU H Q, GUO SH,
high-precision conductivity measurement method [ J].
Instrument User, 2016,23 (9) . 22-24.

EWr. AR L RO B AL TR ) A S [ D ]
T TR 2021

WANG X. Batch preparation and testing of high-precision
Ningbo: Ningbo

et al. Research on a

sensors for ocean salinity [ D ].



- 138 - G R - C I T 38 &
University, 2021. KEPT K, 2010.

[18] ffflMl, Zarsk, 225, 4. ZE T AR SN i Jg% iy xC GAO SH CH. Design of dual frequency sine signal
SRAL AN AL BT [ 1], 5B R 22 ), 2022, conductivity meter [ J]. Dalian; Dalian University of
35(3):291-297. Technology, 2010.

HE X G, LI H ZH, LAN H, et al. Optimization design 1EEZ/N

of inductive conductivity sensors based on non-external VR, B 287 , 2008 4E T VLI BHE K2

fields [ J]. Journal of Sensing Technology, 2022, PeA2g 20,2015 4E TR L TR 3k

35 (3): 291-297. =5 P2, BT SETT 18 e LRI 5 {5
[19]  HE/AUe, BRR  MRE . —FhBE TP ARR R B g & - SabER,

Kl 255 [1]. HLHL TR, 2019, 36(2) :158-162. - k-4 . E-mail ; ffgz366@ 163. com

QI SH B, HUANG L, YIN B AN. A conductivity Sun Bin, associate professor, received a

detection system based on a two-electrode system [J]. B. Sc. degree from Jiangsu University of Science and Technology

Mechanical and Electrical Engineering, 2019, 36 (2): in 2008 and a Ph. D. from Nanjing University of Technology in

158-162. 2015. His main research interests include optoelectronic detection
[20] ). BUBE 5% 05 5 R B [ D). K% and signal processing.



