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Ground wire energy extraction method for overhead
transmission lines
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Abstract: Taking energy from the ground wire is a way of supplying energy for all kinds of sensing and
monitoring equipment in the power system transmission network. In this paper, firstly, the principle of taking
electricity of a typical overhead ground wire was examined. Next, its equivalent parameter model was established.
Finally, the equivalent voltage and equivalent impedance of the electricity taking port were mathematically
derives. Simulation of a 220 kV line with ATP-EMTP software was carried out. The influence of the energy load
on the distribution of ground wire current and the influence of factors including wire current, ground resistance,
span range, energy load on the electricity parameters were analyzed. The results show that limited by the induced
potential and ground wire self-impedance, the ground wire current did not exceed 10 A. The voltage showed an
increasing trend with the increase of impedance, and finally stabilized at about 27 V. When the energy extraction

load was 2.5 Q, the maximum energy extraction power obtained was 175.03 W. These results provide a data basis
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for the design of subsequent energy takers.

Keywords: ground wire; online energy; ATP-EMTP
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Fig.1 Schematic diagram of electromagnetic induction of overhead ground wire
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Fig.2 Schematic diagram of energy extraction
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Fig.3 Equivalent circuit for obtaining energy from the ground wire
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Fig. 4 Thevenin equivalent circuit of the power port
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Fig. 5 Schematic diagram of the spatial distribution of wire-ground wires
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Fig. 6 Schematic diagram of ground wire energy extraction simulation
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Table 1 Current distribution in the ground wire A
HURE R HL/Q 67 685 695 7045 715
2.5 8.88 9.65 9.97 2.88 1.92
5.0 6.18 7.16 7.56 3.17 2.05
10.0 4.40 5.54 5.95 3.36 2.15
0 2.32 3.63 4.06 3.61 2.27
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Table 2 The values of energy extraction voltage and energy extraction power under different wire currents

T /A et i BH/Q R4 8 5 ] /km WU 17 #/Q VR NEAYS B ) /W
484 10 0.9 2.5 3221 414.99
404 10 0.9 25 26.86 288.58
300 10 0.9 25 19.95 159.20
214 10 0.9 25 14.26 81.34
110 10 0.9 25 7.23 20.91
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Fig.7 Relationship of energy extraction voltage, energy extraction power and wire current
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Table 3 The values of the energy extraction voltage and energy extraction power under different grounding resistances

S /A 2 3 HLBH/Q 14 #F 9 [l /km WU 17 28/Q e H /Y W g #/w
300 15.0 0.9 25 19.98 159.68
300 10.0 0.9 25 19.95 159.20
300 5.0 0.9 25 19.80 156.82
300 2.5 0.9 2.5 19.39 150.39
300 1.0 0.9 2.5 18.13 131.48
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Fig. 8 Relationship of energy extraction voltage, energy extraction power and grounding resistance
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Table 4 The values of the energy-derived voltage and the energy-derived power in different gear ranges

S /A e RL/Q 4 15 78 6] /km B £ 30/Q B RV B TR /W
300 5 0.9 2.5 19.80 156.82
300 5 1.2 2.5 23.79 226.39
300 5 L5 2.5 26.90 289.44
300 5 1.8 2.5 29.45 246.92
300 5 2.1 2.5 31.69 401.76
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Fig. 9 Relationship between the voltage, the power and the gear range
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Table 5 The values of the energy extraction voltage and energy extraction power under different energy extraction

impedances
FLAI/A L BIL/Q F4 85 111 [ /km I 1 48/Q TRUH HL RV T Ty 44w

300 5 0.9 0.5 8.10 131.22
300 5 0.9 1.0 13.03 175.03
300 5 0.9 2.5 19.80 156.82
300 5 0.9 5.0 23.45 109.98
300 5 0.9 10.0 25.63 65.69
300 5 0.9 20.0 26.78 35.86
300 5 0.9 0 27.02 0
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Fig. 10 Relationship of the voltage, the power and the impedance
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