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Abstract: Magnetic field induction sensors have been the bottleneck in the development of electromagnetic devices in
China. In abroad, the natural geomagnetic variations are mainly measured by magnetic field induction sensors in
magnetotelluric methods. According to the characteristics of the natural geomagnetic variations in audio-frequency band
and the basic principle of magnetic field induction sensors, the structure of core, coil winding and the resonant frequency
of the sensor were designed. With the magnetic flux negative feedback and frequency compensation, the frequency band
is extended and the flat resulting amplitude-frequency response is obtained in the frequency band of 1 Hz—9.8 kHz with
the deviation no more than £1.5 dB. It can be used in audio-frequency magnetotelluric sounding.
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Fig. 1 Typical average amplitude spectrum of geomagnetic
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Fig. 2 Typical frequency characteristic of an induction coil
(Solid line—amplitude-frequency response of an induction coil
output peak voltage V' in resonance mode (f.s iS resonance

frequency); dashed line—ideal shape of this response)
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Fig. 3 Core permeability p. of cylindrical rods versus
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Fig. 4 Principle diagram of magnetic flux negative feedback



926 A G EE R

2012 4E3 H

M=k JLL = L -
HIF] 4 TN, WAL AR 28 i 2 — Mk

LB, A SR S A S pR B T

—jou,N,SG

Tw) =2 = ©)

1-w%¢ﬁjmeC+if)
s Ny SRV LR RE 1M E . i SCER[6] T A, FLARAT
BORARE i FE AR f 2 E
Rp,

= 10
Ju -y (10)
GM
Ju = (11)
2T|:Rﬂ) Lp C

I FLAE LN fia Z 18], Hk 37 e S 1) RRBURE WO 2 H 2 DA
P, HIEE A
/

o __R 12
5= R (12)

Kfe po REA T II T A, Ny S 2k el i 4%,
7=1.85-1.10,/1 I IE R ELo

MR f<fr W, WA S 1 R AR e . £ O
AP, T B SRR . A T SRS A A
PO TR I R AR i 2k, R AR I b A T A P i
Mo HL S AME2 PR S A AR R I HR AR 12 $ ih 2
(BR BEEATIROR, AR PR R AT B ] BRI N
(X SR PR A e AR AR,

AV R MR e 24 P 1 A 359 5 il b SR AR UK
Pl AR N o pH TR e 2 BB I TR AR /N TR gl R
RIS TR AR B b e G 5, JF HARBL/N
PR RS AT LA A RS L, IS
BT Wi AR AR B bR e . 4 I e 2k Pl it
Bk 100 kHz (1) e, = B0, RN 2L
Pl TR LR 0y, R R A R R ARG 5
TR N 22 P PR i A o, RER AR 4l Labview
FEFMCAS AT PR PR AR 4, gl T DAAS 21K 28 Pl
(e Bt 2. 1S Brom A Seact i U i 11 Jk
2 el e B ih 2k . AL S WA, 2RI ke
BIRAE 2~3 kHz 2 [8], {EZMR M1k as BAT
S IREIAENOICR , R T RRWEIA 5 5 2%
Ak H B0 S 0 B /I 5 RS U A A PR, 85 A T T
BT EEK

AV AL Rp=2.4 kQ, [ ik [l (11 %
N=30 [t & 6 Fron & R BTRVR AT R AME 5, I
e g N . WK 6 WTLUEH, 78 1 Hz~9.8
kHz (8o LA, SRRl ma i i 2 AR 13, Pl

JEik£1.5 dB. {HJE, #F 10 kHz AbHEL/NRIG R
Mg 1 2 T B (R IR, 32 F S e Bl A ) —
PEIHEEH . TIAERE 5 R 6 rp 2k Bl i ma 3 i 2k 76
10 Hz 1 100 Hz 2 [ L) 9062 H 50 Hz 1) T A+
Yok,

60
50r
40t
30
20f

Magnitude/dB

10° 10! 10° 10° 10* 10°
Frequency/Hz
5 AT UONER 128 BB A% i iy,

Fig. 5 Frequency response of search coil without preamplifier

50

N
(=)

Magnitude/dB
Y
S \o

—_
(=

0 L L L L N

10" 10" 100 100 100 100 10°
Frequency/Hz

B 6 Zoid ps i Ak bl AR g

Fig. 6 Frequency response of search coil with preamplifier

SR FH 108 PR MR 4 P = A B e Iy R AR IR B 1A T R
BRREARE . 4B Te 2k Pl R — AR 1 Q SRR
BRI I AARAEIESZ15 ', DIRREEANI N A 825 (1 i
E FE S (R A b BEL A i 1) R S o 30 3 SR o
WEL 9y ity 4] P PR T L v 8 Rt o e 2 Pl ) Pl i, 9
HE— 0 TH AT B Te £ Pl 7 2 (i R A, AT n]
13 BIAE TR N R A I8 ) RS . A DR
FEAE— Aok RGBS M AT . B 7 R A
RV IR AR 2% RIBUE—i thek. 75 1 Hz~9.8
kHz Sty s [l A A5 k25 1) R BB AN B e AR A, i
9 40 mV/nT; 7E 0.01~1 Hz Siasyu il N, LS R
JEIEELTHR, 4R N 0.1 Hz I, A3 R A%
i 10 mV/T. 152 RSB — OE IR, 75 10
kHz 4b, A58 1 R AR 56 th I N RSN 5 SR

B



%22 55 3 W MR, 45

EOCH FL G IR TR T o 927

N
(=

Amplitude/(mV+nT™)
S

2 . . . . .

102 107! 10° 10! 10? 10° 10*
Frequency/Hz

B 7 Wi R 2

Fig. 7 Amplitude—frequency response curve of magnetic

sensor

5 Zig

b=}

1) 7553 AT WA C N L B 25 460 o) A Sk 25 22 B0 F8E 5 1)
LRt I, RG5O R AR LGS B 3 B A 5
fiE, WA AR BB IRARALE 2~3 kHz 2 [], {F7E
FAB R AR5 5 R e ME AL B A S ARl a4
WK

2) K R IE 7 2 it SR B RN W3 AR S AT T
AL PR A2, 9 ) T A, 4320 T 76 1 Hz~9.8 kHz
A G R P ST IEE Sh£1.5 dB R B ik, 2 A
Kt RGN P 5 2L

REFERENCES

(1] %, Ji
1999: 28—46.
LUO Yan-zhong,

S IR ERE A M. dbat: MU MR,

WAN Le. New progress of electrical
prospecting [M]. Beijing: Geological Publishing House, 1999:
28-46.

[2] KAUFMAN A A, KELLER G V. Kb Bl vk M. X [E 4k,

Woase, WHRE, BERE, EaR, AW, B bt bR
HiRRAL, 1987: 1-40.
KAUFMAN A A, KELLER G V. The magnetotelluric sounding
method [M]. LIU Guo-dong, JIN Guang-wen, DENG Qian-hui,
ZHAO Guo-zhe, WANG Bao-jun, SUN Hao, transl. Beijing:
Earthquake Publishing House, 1987: 1-40.

31 BRICHE, RUIE. B B 3T A S 5 10 Bk R 9
[9]. VT dbHh B 23R, 1982(12): 14-26.

CHEN Wen-hua, WU Ming-qi. Design and research of magnetic

sensor in Audio-frequency magnetotelluric sounding [J]. Journal

[10]

[11]

[15]

of Hebei University of Geological, 1982(12): 14-26.

LENZ J E. A review of magnetic sensors [J]. Proceedings of the
IEEE, 1990, 78: 973-989.

ASTERK. SRR 3B A SRS £ Pl 2 B B0 11 HL BB O F 9 [ D).
KA WK, 2008: 1-3.

SHAO Ying-qiu. Magnetic induction sensor parameter of loop
and study of its interface circuit [D]. Changchun: Jilin University,
2008: 1-3.

SEARN H C, FERGEAU P. An optimized low-frequency
three-axis search coil magnetometer for space research [J].
Review of Scientific Instruments, 2005, 76: 1-10.

KT DR M H B DR e R A R M. bt MR A,
1989: 23-42.

ZHANG Xiu-cheng. Magnetotelluric measurement instrumentation
[M]. Beijing: Geological Publishing House, 1989: 23—-42.
WPER. GCI-1A - Y AT S R B LS L 2 (0] AR 1
R E 2%, 1988(5): 21-25.

GENG Sheng-li. Research on ferromagnetic core of GCI-1A
magnetic induction sensor [J]. Instrument Technique and Sensor,
1988(5): 21-25.

RIPKA P. Magnetic sensors and magnetometer [M]. Norwood:
Artech House, 2001: 57-65.

BOZORTH R M, CHAPIN D M. Demagnetizing factor of rods
[J]. Journal of Applied Physics, 1942, 3: 320-326.

PAPERNO E, GROSZ A. A miniature and ultralow power search
coil optimized for a 20 mHz to 2 kHz frequency range [J].
Journal of Applied of Physics, 2009, 105(7): 1-3.

BOLL R, OVERSHOTT K J. Magnetic field sensors—Induction
coil (search coil) sensors [M].VCH Publishers, 1989: 205-254.
TUMANSKI S.
Measurement Science and Technology, 2007, 18: R31—-R46.
EER, PR, EOH, AR H. ZETAOKE G M
1 3 W I e I s IO WE SR [D]. Al BOR 24, 2007, 20(9):
1967-1969.

WANG Yan-zhang, CHEN De-fu, WANG Jun, LIN Jun.

Induction coil sensors—A review [J].

Research of broad frequency difference magnetic field sensor
based on nanocrystalline alloy [J]. Chinese Journal of Sensors
and Actuators, 2007, 20(9): 1967-1969.

HSOERK, ReflAE, EER, oK K FETRLRBR S AR Rl A%
TR TR, AR 23], 2010, 31(11): 2461-2466.
SHAO Ying-Qiu, CHEN De-fu, WANG Yan-zhang, ZHANG Fei.
Development of broad frequency band magnetic field sensor
based on flux feedback [J].
Instrument, 2010, 31(11): 2461-2466.

RARME, O, BdRE, R T ARG S MR N
WAL KR I FU[T]. XA AR 24 4R, 2004, 25(2): 195-198.
LIN Ji-peng, WANG Jun, LING Zhen-bao, CHEN De-fu.

Chinese Journal of Scientific

Research for induction magnetic sensor based on amorphous
alloy [J]. Chinese Journal of Scientific Instrument, 2004, 25(2):
195-198.

(mig  fIF458)



