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Calculation and analysis of ground loss resistance for an electrically small VLF
transmitting antenna
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Abstract To solve the low radiation efficiency of the very low frequency (VLF) electrically small
transmitting antenna, which is caused by the low radiation resistance and ground loss, the computations of
both the magnetic loss resistance and the electric field loss resistance inside or outside the uniform radiated
ground network area are studied with analytical method. According to the method, the loss resistance in
various regions of uniform radial ground network can be calculated. The computational results show that
the loss of magnetic field resistance is the main part of the ground loss; besides, the uniform radial net-
work is not the optimal mode for laying the ground grid under the condition that the total length of the
ground net and its area radius are constant. Based on the above results, a new method for reducing ground
loss resistance by laying uniform radial ground nets for various regions is proposed, which provides a new
approach for further improving the radiation efficiency of electrically small antenna and is also of certain
theoretical and practical value.
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Tab.1 Loss resistance at different frequencies

4 IR S Y 534
BWE/Hz  gmiims  BoWs  BIBL BNRES A /) HES GBI
o m
HFE/mQ H#E/ mQ HFE/mQ H#E/mQ B/mQ B #H#E/ mQ
20 0.74 28. 99 2.45 0.75 32.93 33. 89 32.91
21 0.79 30. 57 2.53 0.73 34.62 35. 70 34. 60
22 0. 84 32.17 2.62 0.70 36. 33 37.48 36. 30
23 0. 89 33.77 2.71 0.70 38.07 38.93 38. 00
24 0.94 35. 37 2.79 0.63 39.73 40.72 39.70
25 1. 00 37. 00 2. 87 0.59 41. 46 42,54 41. 40
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Fig.2 Sub-regional ground network simulation ground loss resistance
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Tab.2 Magnetic field losses resistance
(uniform radial laying ) in different ground types
a=1 300 m ,n=300 ,d=0.003 m ; f=25 kHz s4#=250 m
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Tab.3 The laying of 10-type ground networks
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KEa B8 n KE o BB n KB o B %
30 300 635 300 635 300
30 300 635 350 635 250
30 300 635 420 635 180
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30 300 635 440 635 160
30 300 635 450 635 150
30 300 635 460 635 140
30 300 635 470 635 130
30 300 635 480 635 120
30 300 635 600 635 0
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Tab.4 Loss of magnetic field resistance in different ground network at different frequencies

—— Bi# N 25 kHz H#E N 20 kHz B# N 30 kHz
RH_uei/mQ Hﬁgg 1 ﬂ’?’i&ﬁﬁtb/% RH_uei/mQ Hﬁgg 1 ﬂ’?’i&‘ﬁﬁtb/% RH_uei/mQ Hﬁgg 1 ﬁﬁ&ﬁﬁth/%
1 9.372 0 0.00 7.0637 0. 00 11.784 0 0. 00
2 7.834 5 16. 40 5.944 5 15, 84 9.802 1 16. 82
3 6.883 4 26.55 5.329 5 24. 55 8.4811 28.03
4 6.832 6 27.10 5.311 3 24. 81 8.3931 28.78
5 6.800 3 27.44 5.308 7 24. 85 8.326 5 29. 34
6 6.785 7 27.60 5.321 2 24. 67 8.280 2 29.73
7 6.788 3 27.57 5.348 6 24.28 8.263 4 29.96
8 6.807 6 27.36 5.390 7 23. 68 8.245 3 30,03
9 6.843 1 26.98 5.447 3 22. 88 8.255 4 29.94
10 8.270 6 11.75 7.075 2 —1.63 9.446 8 19. 83
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Tab.5 Loss of magnetic field resistance in different

ground network at 25 kHz
b P X
4 B—Ra i
5 KEFa BB BEF o BE

Ryoi OB 1 F008
/mQ  DELW/ %

1 650 300 650 300 9.3720 0. 00
2 650 350 650 250 7.8505 16. 23
3 650 420 650 180 6.942 7 25.92
4 650 430 650 170 6.900 2 26.37
5 650 440 650 160 6.876 8 26.62
6 650 450 650 150 6.8717 26.68
7 650 460 650 140 6.884 5 26. 54
8 650 470 650 130 6.914 7 26.22
9 650 480 650 120 6.961 9 25.72
10 635 600 635 0 8.648 5 7.71
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