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Fig.1 Equivalent circuit model
H H B R A AR P i S LRV, (jeo) A
e(jo) )

V. (jw) =
J0) = TCR - @PLC
Ko HAMRE,
w = 21Tf9 6(](1)) :jwlu‘()ns 9! (2>

jou,nS
— (3)
1 +jwCR - w’LC
o IR, NS BE TR n R T, S
NI, 2t a1 .
i(1-w’LC S + w’u,nSCR
V() = WL @O apionS TSR
(1 —w’LC)” + (wCR)
’uynSCR
a= 5
(1-0’LC)*+(wCR)*
~ i(1-0’LC) wu,nS
 (1-w’LC)*+(wCR)>
A . V.(jo)=a+bj . (5)
MR IEIRET KR HPE: 1 - 0’LC = 05 IEIRA

V.(jw) =

5

BN w, = —— . BT e PR AR R
Vv LC
b T
_ |monS
LV, 1= =5 (6)

b wonS
= I¥: — | = t 0 = 0 o 7
¢ = arc an(aj arc an[ / R j (7)

A7) AT AR Y 5k s e v, AR R
T S SERE 1, e AR IR, RSO S X P 3
RV IRIR

2 TEEIE

Sk T 6 2 AR A 0 T ik B T AT R eI
RELN S B, i A et s A (e,
FH WK3260B % T 14 43 A A0 2 it L R AH
L, WA S A S DA B B0 0. 1% , 735 A D H20KG B
TR % A A M 0 A R AR R B 1) T iR
W ARHE SRR A e A 0 f S i R T
SAH, P WK3260B 5 %5 8 1 70 14 43 B A0 i
ZEUEAT BRI A I A R B A A PR, S
B AR v o8 FH B A H R 3 I R R A R K 28K
KLt B2k (pF) |, B A #6508 pF A Bk o 52
B  FLRH BT AR FRH | R TT AR S BR
BUE AL i WK3260B A% %5 16 M 70 14 43 B A0 5 75
o AR A 4 vk | H BELE [ AR
B 6 NS AR B 28 64T 6 25050, 45 b S 50
P ICES BN RE R 1,

A o R A VR I 2 T S 0t A5 A5k e B ) T IR AR
FOHURE N RIS E O
SSbREXT e, SRR 2, ATLAE W T AL
BT A SR AR A A A IR 2E A E



3 FEYRERAT « WAL PR SRR 3R R A i A AR A7 v 5 18 - 739 -

®1 BTRHSH

Table 1 Parameters of electronic components

B 5L 50 i oo i FRiES R ShREUE
HK L/mH 7.2%(1+0.05) 7.298
HLBH R/7Q 500.0x( 1£0.05) 512.0

30.0x(10.1) 31.8

100.0x( 10.05) 99.0

N 220.0x( 1£0.05) 222.8
R C/pF 330.0%( 10.05) 328.2
470.0%(120.05) 474.0

680.0x( 1£0.05) 689.6
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Table 2 Capacitance measurement results

IR/ KHz  SEPR(E/pF FAROCEIT A pF RE/%
332.410 31.8 31.44 1.1
187.579 99.0 98.74 0.3
125.142 222.8 221.86 0.4
102.397 328.2 331.36 1.0
84.346 474.0 488.36 3.0
69.680 689.6 715.58 3.8
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Table 3 Coil parameters

R/Q L/mH f/kHz C/pF
1 S 2R 15.309 10.297 358.995 19.09
2 5Lk 15.268 10.348 361.122 18.77
R 30.634 29.140 223.335 17.43
DT FCHLBH
R3(R1 + R2)
N T (8)
R1 + R2 + R3
B R EL

800
o + HHEHE
+ | 5 o
x ThRE
600
£
=
K 400 -
‘EP ¥
200 N
|
0 *
0 100 200 300 400
TEIRATER /KHz

2 FHRMFTESRERFERILL
Fig.2 Comparison of calculation with zero phase

method and standard capacitance value
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Fig.3 Transient electromagnetic induction

antenna equivalent circuit
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Table 4 Resistance parameters
HLE R el R;/kQ)
K R1/kQ R2/kQ R3/kQ)
0.080 560 560 470 331.069
0.209 270 270 120 98.182
0.437 75 75 68 46.789
1.000 x x y 20.453
1.097 30 30 27 18.621
24.629 3.900 3.900 0.910 0.815
50.819 1.100 1.100 0.470 0.387
97.799 0.510 0.510 0.240 0.194
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Fig.4 Comparison of received signals with different damping coefficients
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The principle and application of zero phase measurement of resonant frequency
of transient electromagnetic induction antenna

XI Zhen-Zhu', MU Ren', XU Yu®, ZHOU Sheng'’, CHEN Xing-Peng’
(1. School of Geosciences and Info-Physics , Central South University , Changsha 410083, China ;2. Hunan Institute of Metrology and Test, Changsha
410014, China ;3. Hunan Wuwei Geological Technology Co., Lid., Changsha 410205, China)

Abstract: When the transient electromagnetic receiving antenna is in a critically damped state, the output signal is the pure target in-
duction signal. This critical damping state is related to electrical parameters such as inductance, distributed capacitance, and resistance
of the receiving antenna. The resistance and inductance values can be directly measured by a spectrum analyzer, but the distributed ca-
pacitance cannot be directly obtained. In order to develop a high-performance receiving antenna, this paper proposes a method to accu-
rately calculate the distributed capacitance of the receiving antenna. First, the equivalent circuit model of the transient electromagnetic
induction receiving antenna is constructed; then, the calculation formula of the zero-phase resonance frequency of the output signal is
derived; Finally, by measuring the resonant frequency of the antenna, the distributed capacitance is calculated. For the purpose of veri-
fying the feasibility of this method, the standard capacitance is compared with the calculated capacitance, and different types of transi-
ent electromagnetic induction antennas are tested. The test results show that the zero-phase method can be used to calculate the distribu-
ted capacitance with high accuracy, convenience and fastness and can be used to design and produce high-performance transient induc-
tive sensors.

Key words: transient electromagnetic; zero phase; resonant frequency; distributed capacitance
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