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Abstract

Newly developed conductive materials urgently need to be characterized in terms of their resistiv-
ity, but due to the scarcity of samples and the difficulty of the drawing process, it is very easy to
short-circuit circuits when measuring the resistivity of conductive materials using the forced-cur-
rent method. For this reason, this paper proposes a method for measuring the resistivity of conduc-
tive materials based on the opposing coils transient electromagnetic method. First, in order to avoid
turn-off electromagnetic oscillations and environmental noise and to improve the signal-noise ratio,
early and late plausible moment lines were constructed, and the sector area of the secondary field
response curve and the early and late most plausible moment lines were used as the specimen re-
sistivity sensitivity coefficients; Then, the approximation function of the specimen resistivity to the
sensitivity coefficient was obtained using the least squares fitting method, and the resistivity of the
sample was calculated from the approximation function; Finally, the results of testing and analysis
of copper, iron, aluminum, tungsten, and alloy conductive materials show that the resistivity calcu-
lated by this method has an RMSE of 10-° orders of magnitude with respect to the true resistivity.

Keywords

Conductive Material, Resistivity, Resistivity Measurement Methods, Opposing Coils Transient
Electromagnetic Method

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

AR HL BEL 2 AR RE S B IR BEASAE F B S 20, T BN T A RH 3 f It B 2 G FL 2L AL,
XPRHE N AN AL S, AR I B PR 2R R E M R 7= B AR S e R O, R
BRI 5 N St 1 B0 LAl o

Mﬂ%m%mwgmnaﬁu%a%mﬁTi%ﬁ%,W%ﬁ%g%ﬁ%%mﬁﬂ#%@ﬁﬁ%o
R EZOR A B 77, Horp AR ey (BOFR iR 8 FL RV ) A2 A 5 T bR B D IR I AR 2 —[1]-[3]
%ﬁﬁ%ﬁ%ﬁﬁ%%,@ﬁ&&ﬁoﬁTﬁmmaﬁE,ﬁn%ﬁﬁ?%%&om%fﬁSHGWM
Wheatstone 7 B [ 2 55 #7 L M5 A1 1862 4E William Thomson (Lord Kelvin) & Bl T /R SCHIMF & B A HLAR
B ITE. JEE ML E B SRS, (AN E AR b 5 2 2R S i e e . Bl
BELAN 5] £ L REL A PRI ER I 2 [4] (5], I BXEDLSEEL A il & .

Bk 7 HIMFIL, 1861 4E Thomson W 2 Hi FIVUFRE A2 —Fh) 72 B F (32 i = e B R I 2 4 R [ 6]-
[10]o HHE MR LE 4 A, ﬁﬁ%ﬂ%ﬁ%ﬁ%ﬂ%ﬁ%\ﬁ%ﬂ%ﬁ&\@f%&u&ﬁﬁﬂ%ﬁ&
[11]o EAVUTRERIE DRI J 3 f] 88 L P07 (37 52 3035 bk, AH ERIRET (A R Z0UAH 48, HARE 0 RO 7 KT
PREFIAIBE[12]0 AR VU PREHVEAEHES 7 205 5 R DR EH AR L, (H R ﬁﬁ%&mi, HAEAT 50
1981 ¢ D. S. Perllof $2& ¥ Perllof ¥£F1 1979 FAb 5 Tl K215 B JE 12 Hi 1) Rymaszewski #£[13]. 1%77
AREF AR AT ANGE, AR IR T REHERS IR, JERE H BB IR SRR 14], 1H 758006 5 IG5 B2 2K IF
FINBEEABIERF[15]. JEUHRENE R RA R A RSHESR, WA TR EZIE[16]. 1958 4F, L.J.
Van der Pauw $2 H 30 78 25 0] AXSHE B AR AL S 120 AT FL BH 6 5[ 17], (HBRERET S5 i 1) 4 fuh T 7

DOI: 10.12677/app.2025.154026 233 N e


https://doi.org/10.12677/app.2025.154026
http://creativecommons.org/licenses/by/4.0/

T

/NEATELERE SIS, BAE T B IS S B E[18]-[20]. SSOEE PUHREHZ AL 1993 FFhLAA 55
& tH R At J A R DU PR B AT 2003 47 X1 4 55 58 HH 1 2502 Rymaszewski PUSRER, B2 D0 &R B8k N7 T
WREMEFRe, BARIFMESM, HFHEADME WS, Rl 7N H[21][22]. /et Rymaszewski PU4R
R EA TSR, (EARK AR 52 B BRI AN S RS BRIl [23]

KT AR QL P2 B VAR 7L, IR BB . XK R B T HAME . AR EH
WEIAER & W JE B [24] [25], BFE 19 TR 2 IR ITE[26]-[29]2. 2009 4F 5] N4 B 1 IR HME[30].
PAK 2014 4EH H B 39 1 5 AU HR S i 3 1] 4RI, I bRl B 05 V8 o A o, ok
SARAE I 2, BRI T HAE SE R A ) RS A4 [32] [33]

ARSCHE T P BT 0 R A o B 2 S AR LR R B Vs, A S A R G B P
ARG, BIESLIUN S B RERE Fh A R B2 R =y A 5 P LR 2R &

2. KRR

ARSI 9 BT S5 8 R RE 57 A2 L RGVA(FRTFR OCTEM), %5 kIR 7 SO R, R T By FH
ANKRANHIE S PAT SR 2 Rl 1] 1 o, o3 5l ) il DURINRSE S 5 TR S B R R N AR, A
L PR ) — YR 3 R~ T L SR AR R 48— IR 82 [34]-[36] o

Z
Tx coil
a
! d
Rx coil e -
L O\ \\v
O A
d
Tx coil
>
/

Figure 1. Schematic diagram of the device for the opposing coils transient electromagnetic method
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Figure 2. Schematic diagram of the filled region within the confidence interval of the transient electromagnetic response curve
of a metallic conducting specimen
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Figure 3. Schematic layout of the observation device
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Figure 4. Transient electromagnetic response curves for noise and metal conductive specimens
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Figure 5. Transient electromagnetic response curves of metal conductive specimens after denoising
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Table 1. Table of real and estimated resistivity of specimens
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Specimen Identification

Real Resistivity p/ (10’8 Q-m)

Estimated resistivity p/ (IO’SQ-m)

Aluminum (Al) 2.65 3.57
Tungsten (W) 5.6 3.92
Iron (Fe) 10 4.74
Copper (Cu) 1.68 2.66
Alloy #3 N 9.58
Alloy #5 N 6.25
N
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(a) Cu; (b) Fe; (c) Al; (d) W; (e) Alloy #3; (f) Alloy #5.

Figure 6. Schematic diagram of metal conductive specimen filling areas
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Table 2. Specimen grouping and resistivity sensitivity factor table
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Specimen Identification Resistivity Sensitivity Coefficient Groups
Aluminum (Al) 2.8885x10° Test Group
Tungsten (W) 2.5334x10° Test Group
Iron (Fe) 2.1472x10° Test Group
Copper (Cu) 3.0405x10° Test Group
Alloy #3 2.2136x10° Validation Group
Alloy #5 2.5035x10° Validation Group
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Table 3. Evaluation table of the approximation effect of the test group approximation function
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Approximation Effect Evaluation Parameters SSE R? Adjusted R’ RMSE

Value 7.827x107" 0.9813 0.972 6.256x107°
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