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RESULTS OF ELECTROMAGNETIC PULSE IMPACT SIMULATION FOR 

THE PURPOSE OF ENERGY FACILITIES LIGHTNING PROTECTION  

Introduction 

 Lightning protection, as a critical area of solving physical and technical energy 

issues, comprises lightning effect research and measurement methods. While continuing research 

in this direction, published in previous collections of the conference [1-3], this report present the 

results of studies related to devices designed to test electromagnetic stability of energy systems 

against powerful electromagnetic radiation (EMR) impact. This impact results not only from the 

use of EMR weapon and nuclear explosions, but may as well be a consequence of a natural 

phenomenon such as thunderstorm. The impulse lightning impact is followed by time variation 

of magnetic field induction. The present work simulates the nearfield of EMR impact from 

sources made on the basis of the pulse voltage generator, in the first case, and the magnetic 

explosion generator, in the second case. The direct objects of impact were metering devices,  

made in protected version. In both cases, the pulse currents fronts for the source of EMI 

exposure were peaked by quick key based on electroexplosive conductors (EEC) placed in load 

circuit. The fast explosion mode was provided by intensive short-term pulse current impact on 

EEC. Searching for EEC parameters was made according to similarity criteria, reflecting the 

correlation between the nature of energy release during explosion in the conductor with its 

physical properties [4-8]. The main requirement was to put the energy sufficient for conductors 

sublimation, to EECs. Two experiments were made for each source. The first experiment was 

prepared on the basis of preliminary calculations, and was the trial experiment for the next one. 

The metering and recording devices comprise: test equipment including Rogowski coil, voltage 

divider, oscilloscopes, and Japan-made HX-3 high-speed camera for recording high-speed 

process of EEC explosion. The evidence of a powerful EMR impact on electronic equipment was 

the fact that, none of devices, except for specially designed lightning current recorder, could 

capture the data due to interferences and failures. Despite the applied standard means of 

protection against electromagnetic interferences (metal cases grounded in one point, insulated 

power supplies, shielding) – the level of exposure was high.  

Experimental model based on pulse voltage  



generator 

 The model represents a laboratory installation generating EMR impact within a restricted 

area of 2×2×2 m. The design of pulse voltage generator based on Arkadyev-Marx circuit, 

allowed 10-fold voltage increase from 20-25 kV to Uv = 200-250 kV and had the total capacity 

C=1,2 µF. The photo of the experimental stand with pulse voltage generator and its circuit are 

shown in Figures 1a) and 1b). The photo shows the OH wires, stretched on the frame mounted 

on insulators. The grid-like overhead line (OHL) geometry facilitates approximation of thin 

parallel plates for its inductance and capacitance computation. The OHL with EEC wires located 

at the end of OHL acted as the load in the current source circuit.  The total load inductance made 

about 11 µH, of which almost 5.5 µH accounted for line inductance and the same for parasitic 

inductance in the generator. The active initial contour resistance was determined by еhe 

oscillating contour attenuation and made approximately 78 MOhm. 

 

 

 

Figure 1a). Experimental stand with pulse voltage generator. 

Figure 1b). The electric circuit diagram of pulse voltage generator 

made according to Arkadyev-Marx circuit, with REEW variable load 

with current (Rogowski coils - RC) and voltage (voltage divider - RD) 

meters. 

Results of model operation study with source – pulse voltage generator 

 As said in the Introduction, the initial, computational parameters for EEC were specified 

by findings of the first experiment. The second experiment, with other similar conditions (initial 

energy of 30 kJ, pulse voltage generator charging voltage - 232 kV), involved 10 conductors of 

120 µm in diameter. The weight exploded conductors was about 1 g, the initial resistance of 

conductors made about 130 MOhm. Waveforms of currents and voltages are shown in Figure 2. 

Conductors were exploded at a current of 55 kA and voltage amplitude of 575 kV. The energy 

put into EEC made 7 kJ, the specific energy  weec - about 7 kJ/g. Ratio weec/w̃s~1.3, where w̃s is 

the specific sublimation energy for copper 5.28 kJ/g. Estimation of resistance growth velocity results 



in the value of about 0.20 Ohm/ns, the current density in the conductor reached about 

4.51011А/m2.   

 

Figure 2. Current and voltage waveforms in the second experiment 

The maximum intensity of the electric field in experiments made about 800 kV/m at 1 m gap, the 

voltage pulse front was about 100 ns. Magnetic induction estimation 
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approximation of N=1 (single-coil solenoid), where r0 is the half of OHL height (width). The 

magnetic induction increase at EEC rupture during current pause voltage surge was at least 
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Description of experimental model with current source based on magnetic explosion 

generator 

 The experimental model based on magnetic explosion generator (MEG) represents a 

laboratory installation generating EMR impact within a restricted area of 2×2×4 m. The source 

of the pulse current is a spiral-type magnetic explosion generator with the current output to the 

load through the pulse transformer (PT) and the transmitting OHL. The direct and return OHL 

branch is located on insulators supports and is common for both models.  The ends of OHL are 

equipped with electroexplosive arresters (EEA). The electric circuit diagram with the test 

equipment is shown in Figure 3. The experimental model – Figure 4a), assembled MEG before 

experiment – Figure 4b). The initial energy source for MEG powering had a capacity of 90 µF, 

was charged to 18 kV, the initial energy was about 15 kJ. The OHL inductance, as in the first 

experiment, was 5.5 µH.  The OHL wires are organized in grid-like geometry. Such location 

facilitates approximation of thin parallel plates for inductance and capacitance computation.  

 

 



 

Figure 3. Schematic diagram of the experimental model with MEG-based power source. COH and LOH is the OHL capacity and inductance, RC1 

are the Rogowski coils in MEG circuit, RC2 is the Rogowski coil in the load circuit. CT is the current transformer withinn voltage divider. 

 

Figure 4a). General view of experimental model with MEG 

 

 

Figure 4b). Assembled MEG prior to installation to explosion chamber 

Results of experiments with source – MEG 

 The first experiment with MEG involved 25 conductors with a diameter of 120 µm. The 

total area is 2810-8m2. The total weight of all conductors was about 2.5 g. The quantity was 

determined by the requirement to achieve conductors explosion at the stage of current growth in 

load. The specific energy is 12.5/2.4~5.2 kJ/g, roughly equal to the copper sublimation energy. 

The experiment demonstrated that there is a significant energy reserve for this scheme to achieve 

the EMR higher voltages.  To do this, it is necessary to go up the current curve, closer to 

maximal value, at the moment of EEC explosion.  

In the second experiment, 96 copper conductors with a diameter of 80 µm were used. The 

total area was 4810-8 m2. The total weight of all conductors was about 4,3 g. The initial charging 

voltage was taken the same as in the previous experiment, ~18 kV, which resulted in 



approximately 15 kJ of initial energy. The EEC explosion appears on the diagram at the 92nd μs 

as a current drop and its corresponding voltage peak. The voltage surge occurs near the first 

maximum current value at approximately the 93rd μs. The maximum current value during 

explosion was about 70 kA. After the critical current has been reached and conductors have been 

exploded, the current is decaying but the pause mode does not occur (see Figure 5).  The further 

current increase is associated with EEC transition to conductive plasma state. The voltage 

amplitude at explosion was about 550 kV, the intensity of the electric field was about 550 kV/m. 

The voltage peak occurred in approximately 0.5 μs after the current disruption. The voltage pulse 

front was within 100 ns. The high-speed camera captured 200 ns EEC rupture (within exposure 

range). Approximately at the same time the gaseous EEC substance transits into plasma 

conducting state, and the current rises again after several periods of high-frequency oscillations 

up to the maximum value of 127 kA (Figure 5).  Estimation of current density during explosion 

resulted in the value of about 31011 А/m2. The resistance growth rate was about 16 hOm/μs. The 

energy put into EEC makes at explosion approximately 60 kJ. Specific energy is 60/4.3~14 kJ/g, 

aproximately 2.7 times higher than copper sublimation energy. 

 



Figure 5. Experimentally obtained pulse values of current and voltage at load (EEC) (top) and time corresponding images of EEC explosion 

(bottom), obtained with high-speed shooting 

The assessment of alteration of magnetic induction arising around EEC at rupture moment, 

was made based on Ampere law at a single-coil solenoid approximation (N = 1), 
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where 0 is the magnetic constant, rOHL is the half-height (width) of the OHL. The maximum 

value of the current derivative during EEC explosion was about 170 kA/μs, thus providing a 

value of about 
𝜕𝐵

𝜕𝑡
=  −0,3 Т/µ𝑠. 

The process of EEC explosion was recorded with NAC Memrecam HX-3 high-speed 

video camera (Japan). Mode: exposition - 200 ns, speed - 700,000 fps (1.4 μs between frames) 

with spatial resolution of 320x16 (11μm pixel size). The recording start was synchronized with 

the power source activation. As seen from Figure 5, the camera captured the moment of EEC 

explosion - the appearance of separately glowing spots - at the 92nd microsecond, that 

corresponded to current quench. Transition of EEC substance to plasma state followed by current 

rise was resulted in appearance of images with a luminous column. The area of explosion 

products then expanded, significantly exceeding the initial wiring radius. A significant 

weakening of the glow occurs in the 100th frame, which corresponds to ~130 μs. 

Conclusion 

In conclusion, two main results may be identified, and the scope of application of the 

proposed experimental models may be noted.  

The first result. The creation of models of the generator of powerful impulse impact both 

on the basis of pulse voltage generator and magnetic explosion generator, has been confirmed 

experimentally. On the presented models, at the end of forming line, during EEC explosion, 

voltage pulses with the front of about hundred nanoseconds, were obtained. At the same time, 

the maximum achieved electric field intensity, with the use of pulse voltage generator, was 800 

kV/m, with the use of MEG –about 500 kV/m.  The rate of magnetic field intensity growth 

reached 0.2 T/μs.  

Figure 6. Photo of the device for recording derivative currents from the source 

of powerful EMI-impact in the nearfield based on 4G lightning currents recorder 

The second result. The successful 

experimental use of a new G lightning current 

recorders developed in previous and tested in 220 kV 

power transmission line of South Main Power 



Network, facilitated, with intense electromagnetic interferences, a reliable recording of derived 

currencies and intensities with subsequent playback and data processing with the computer. The 

digitization of the analog-to-digital data conversion is 12 bits. Duration of data recording for 

each lightning current component is 600 μs. The time resolution of data recorded is 100 ns.  

Based on study data, the following scope of application for the designed models of EMR-

impact may be suggested:  

- optimized positioning of the grounding device elements to equalize potentials in grounding 

systems; 

- identification of unneeded parasitic links in electrical circuits; 

- ensuring the correct organization of secondary circuits; 

- identification of digital substations stability; 

- protection against interferences and disturbances, including testing of electronic equipment 

shielding in special shielding cabinets and the need to replace cables with fiber optic 

communication lines. 
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