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Design and Simulation of Helicopter Aviation Electromagnetic Transmitting Coil
LIU Weijie,ZHANG Yiming, CUI Longfei, ZHANG Dong, WANG Xuhong
(Department of Informatics , Beijing University of Technology , Beijing 100124 , China)

Abstract: The transmitting coil in the aviation electromagnetic transmitting system was took as the research
object,considered the influence of the parameters of the transmitting coil on the peak value of the transmitting current,
used finite element software, the coil model was established. The skin effect and proximity effect caused by the
alternating current on the coil parameters were focused on the analysis. When aluminum tubes are replaced with
practical conductors of the same outer diameter, material utilization can be improved. At the same time, a hollow
multi-turn coil structure was proposed to save space,and the change trend of AC resistance and inductance of the coil
at different turn-to-turn distances were obtained through simulation. It verified that the coil structure can effectively
reduce the AC resistance and inductance of the coil through the appropriate turn-to-turn distance, thereby reducing the
AC loss generated under the alternating current and increasing the peak value of the transmitting current. In
engineering practice, the transmitting coil was manufactured and the experiment was performed to obtain the current
peak value that meets the launch requirements, which improves the ability to detect deep resources.
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Fig.1 Principle of helicopter transient
electromagnetic detection system
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Fig.2 RLC series circuit model
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Fig.3 Emission current waveform
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Tab.1  Characteristics of different metal materials

b SR MXRSR JRE T/ (g- cm™)
Ll 5.8x107 1 63.54
il 3.13x107 1 2.69
L2 1.7%107 1 58.90
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Fig.4 Proximity effect function
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Fig.5 Comparison of skin effects at different frequencies
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Fig.6  Current density distribution on the

cross section of aluminum tube

18 6 AT LUE H, FL i3 R 34 20 b o3 A HE 4R
EEEN, DSBS E L, AT A T
PEEL, B S SE PR B, Jale 1 R e

PO SR S Uy AN o5 i e R N AR (E W)
100 A 5%k 125 Haz B () 22 3 L , 132 4 P8O 3
Wi, FL 7 ol A ), A4 TR BE 2 4 mm , FEL 3 286 B85 40
AAAnE 7 Fis

5
2696 5 \ -
2106¢+

5¢+004

7 ARNTRE T LU A
Fig.7  Current density distribution under

the influence of proximity effect
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Fig.8 Simulation model
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Tab.2  Equivalent resistance and equivalent inductance of

the coil under different turn-to-turn distances

F#E  RmQ  LipH  CmF  HEEBIEN  AEREE/A
1D 379 853 1.90 538 768
20 310 796  2.04 551 850
3D 294 762 213 542 872
4D 288 736 2.20 530 882
5D 2855 716 226 518 886
6D 2847 697 232 506 887
7D 2836 683 237 496 889
8D 2830 674 240 491 890
9D 2827 662 245 483 890
10D 28.22 652 2.48 477 891
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Fig.9 Coil resistance and inductance change

curves with coil spacing
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Fig.10  Curves of capacitance voltage and current

peak value with coil spacing
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Fig.11  Coil soft connection structure
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Fig.12 Transmitting coil hoisting diagram
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Fig.13  Emission current waveform
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Tab.3  Comparison of experimental data and theoretical data

RmQ  LipH  WAEREN  HRIEE/A
LTI 28.55 716 518 886
SIS RE 29 750 475 820
MXHRZE/%  -1.56  -4.75 8.3 7.45
6 %

AR S Fext KRGk Bl TAE R B EA T 41, AR
J X 2R 18 52 3 32 72 LT A ) R ARONTE L& A
REEAT T, B2 T A AR Sl 48l LR Sy
S AT LUAR AR TR D 2k P
WEAR BT AL A X B, O Ll 2o 7 A )« ok
F I [ 2 T /N2 e ) e BEL D i RS 8, DA
T A P A WA, 1 2 SR oK o [R]sf AR A A4 31
14 25 Pl 45 14 2 00, A AR 52 B v e i ) e B 46
Pl 3 i SR IR IR 1% K Sk BB & PR

S5 30k

(1] 287 BRI s rin W At S 37 ik 9 B IR 5 [D . b
L R, 2020.
Li Fei. Research on the inversion method and application of air-
borne electromagnetic data in frequency domain[D]. Beijing:
China University of Geosciences,2020.

[2] 3L . 2k SN )BT 2 Fi T 2R 0 M0 A TR R O I
WHFE[D]. KA - AR, 2015.

Pei Yifeng. Research on data processing and forward and inver-





