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Constant complication of control systems for rocket and space equipment requires special 

attention to the issues of its stable and trouble-free operation under electromagnetic influences. 

External electromagnetic fields, penetrating through the casing of the devices, enclosures and 

protection systems of electronic units, can seriously damage, disorganize the normal operation 

mode, which in some cases will lead to complete failure of the equipment or to the loss of the 

apparatus. One of the most dangerous natural sources of electromagnetic interference is a 

lightning discharge. Discharges of lightning occur infrequently, on the territory of Russia, on 

average, there are 3 - 4 strikes of lightning per year per 1 sq. km of the earth's surface. To 

structures of height h lightnings are gathered from an area of radius 3h. From the literature, cases 

of direct lightning strikes into aircraft crossing zones with a thunderstorm are known. In this 

case, the apparatus itself can provoke a discharge, distorting the distribution of the thunderstorm 

field potential around itself and strengthening the local electric field intensity. To a lesser extent, 

but also a notable danger present lightning discharges that occur near objects, for example, in the 

case of interception of a plasma channel by a lightning diverter. In this respect, the highest rod 

lightning diverters are most unfavorable. In the case of a direct hit of lightning in the casing of an 

aircraft, both functional damage and mechanical destruction of its individual components are 

possible, and with indirect effects, only electronic equipment is affected. 

Rockets that go into space from stationary spaceports are well protected from direct 

lightning strikes by lightning diverters. However, the installation of lightning diverters not only 

does not exclude electromagnetic blasts from lightning current, but can even increase the 

frequency of their impact by gathering lightning from a larger area. On the ascending part of the 

trajectory through the troposphere, there is no protection from direct lightning strikes, and 

meteorological predictions regarding thunderstorm conditions are not always accurate, since a 

large-sized aircraft is able to initiate lightning not only in thunderclouds, but also under ordinary 

cumulus clouds. As for aircraft, mostly civil aviation, their time in a dangerous range of heights 

(up to several kilometers) is critical. 

The above-mentioned considerations make it necessary to raise to rocket and space 

equipment increased requirements for lightning strength both with respect to the design itself and 

to on-board electronic equipment. They cannot be provided without full-scale ground tests, 

which, as a rule, are labor-intensive and costly, when it is necessary to simulate the effects of 



lightning with an extremely strong current and the extremely high rate of its growth at the pulse 

front. The regulatory requirements for such tests are currently based on the results of direct 

measurements of the lightning current at the earth surface, according to which a reliably 

established lightning current amplitude is assumed equal to 200 kA, and the largest steepness of 

current growth is 2×1011 А/s [1]. Creation of a stand with such high energy parameters is to 

some extent possible when the purpose of the tests is to estimate the lightning strength of 

individual fragments of aircraft relatively small overall dimensions. However, for a full-scale 

testing of a large-sized aircraft assembly, the task seems difficult to solve. 

Indeed, to introduce a pulsed current with the steepness of АI into an electrical circuit 

with an inductance of L, a source with a voltage U= LAIof 20 MV is required, if one is guided by 

the normalized steepness of 2×1011 А/s and the inductance of the discharge circuit of 100 μH. In 

order to ensure the normalized duration of the current pulse, the energy capacity of the source 

should be about 200 mJ in order of magnitude. The world high-voltage equipment does not have 

such sources. 

In the present work, for testing the lightning resistance of on-board equipment, the 

technical capabilities of the recently developed mobile test complex with record parameters 

based on the pulse voltage generator (MTC PVG), designed to simulate the impact of lightning 

discharges on power facilities, were evaluated [2]. The unit consists of two modular PVGs, 

sequentially connected. The maximum output voltage of the MTC PVG is 2.4 MW; the 

generator's stored energy is 4.2 mJ; and the generator's current is 100 kA. The discharge setup 

parameters are close to the characteristics of the lightning discharges and overlap 90% of the 

recorded lightning range by the current amplitude.  

The main goal of the research is to determine the parameters of the damaging factors of 

the electromagnetic field of the lightning discharge on the susceptible elements of rocket and 

space equipment under conditions modeling the electromagnetic environment near the launch 

vehicle at the time of the lightning discharge in the atmospheric section of the flight trajectory 

after its departure from the launching complex. The difference between the measurements made 

and similar works using antennas from metal conductors was that the MTC PVG discharge 

circuit contained a soil section. The soil was a nonlinear element, the development of the current 

along which was accompanied by instabilities that changed the spectrum of electromagnetic 

disturbances in the surrounding environment. 

To assess the level of pickups in the elements of the cable network at some distance from 

the high-voltage wire, at which the current flowed up to 100 kA at the time of discharge, 

fragments of several types of shielded coaxial cables and an electromagnetic field sensor were 



mounted. As a result of the experiments, signals were recorded in the elements of the cable 

network and conclusions were drawn about the need to continue the studies that had been started. 

 

Staging an experiment 

 

To simulate the lightning current, a mobile test complex based on a pulsed capacitive 

storage device (MTC PVG) was used, operating autonomously without connection to external 

power networks [2]. 

 

Figure 1 - Location of PVG1 and PVG2 

 

The distance between the installed modules of the MTC PVG was 50 m (PVG1 and 

PVG2). The lower stages of PVG1 and PVG2 were grounded, and the upper terminals of each 

PVG were connected by three parallel conductors, suspended at a height of about 5 m above the 

ground on dielectric supports. Thus, the load current of the grounding devices was formed under 

the action of the total voltage of PVG1 and PVG2 (see Figure 1) and was closed along the soil. 

To record the electrical signals that occur when simulating the lightning current, a 

measuring complex was used, which is part of the MTC PVG.  

 
 
 

 

 
 

 

 
 

 

 
 

 

 
 

 

 
 

 
 



Figure 2 - Location of the PVG1, the cable, the antenna and the shield box being teste 

The current in the PVG circuit was measured by two shunts installed on each PVG. The 

signals were recorded by TDS2024S oscilloscopes with a bandwidth of 100 MHz. 

Each oscilloscope is placed in its shielded box with autonomous power from the batteries. 

The boxes are located in close proximity to their sensors. Measuring cables of the RC-50-9-11 

mark are connected at one end to the sensor casing, and the other to the screen of the box. 

Synchronization of the oscilloscopes, their control and reading of the registered information was 

carried out from a separate diagnostic cab through fiber-optic lines. 

The set of measures taken ensured the electromagnetic compatibility of the measuring 

complex and the possibility of reliable registration of the required signals. 

To assess the level of the signal in the elements of the cable network under research at a 

certain distance from the high-voltage wire, at which the current flowed up to 100 kA at the 

moment of discharge, a cable of the RK-50-9-11 mark, placed at a height of 1.5 m and at a 

distance horizontally of 2.5 m from the conductors connecting the upper leads of each PVG. On 

the one side of the cable, a 50 Ohm termination resistor is connected. The other end of the cable 

was connected to an oscilloscope. The length of the tested cable is 10 m (see Figure 2). 

 
Figure 3 - Test cable, antenna and shield box 

 

A magnetic field antenna with a diameter of 5 cm was used to estimate the time profile of 

the magnetic field produced at the time of the discharge. The signal from the magnetic antenna 

"an0" was recorded by an oscilloscope located in a screening box. The antenna was connected to 

the screening box with a 2 m cable (see Figure 3). 

 

Results of the experiment 

 



The oscillogram of the PVG current in the discharge is shown in Figure 4. Two "an1" and 

"an2" signals were recorded from the two oscilloscope inputs to which nothing was connected. 

The detected interference level "an1" and "an2" was ± 5 mV. Figure 5 shows the signals "an0", 

"an1" and "an2".  

 

Figure 4 - Current PVG  

 

Figure 5 - Antenna signal "an0", and zero signals "an1" and "an2" with unconnected inputs 

 

Numerical integration of the measured voltage taking into account the diameter of the 

loop antenna of 5 cm allows to obtain the value of the magnetic field induction at the antenna 

location. A comparison of the time profile of the magnetic field induction with the discharge 

current profile is given in Figure 6. Some difference between these profiles from each other will 

be discussed below. 



 

Figure 6 - Comparison of the time profile of the magnetic field induction (B) with the discharge current profile (J) is given in Figure 6. 

Figure 7 shows the signals from the cable being tested and from the antenna. Apparently, 

they have close amplitudes. The signal oscillation period from the tested cable is 300-400 ns. 

The numerical integrals of the recorded voltages from the tested cable and from the 

antenna are shown in Figure 8. Note that the signal integral from the cable being examined is 

analogous in form to the integral of the antenna signal and is 3.5 times smaller. 



 
Figure 7 - Signal from antenna and test cable 

 

 
Figure 8 - Integrals of registered voltages from the tested cable (negative signal) and from the antenna (positive signal)  

Discussion 

 

The absolute value of the registered signal from the test cable (10 m long and 4.3 m from 

the conductors) is several hundred millivolts, which in this case is 3.5 times smaller than the 



useful signal from the antenna. This signal is equivalent to a signal from a magnetic loop antenna 

area of which is 3.5 times smaller than the antenna area of 5 cm in diameter, i.e. can be assumed 

that the test cable has an equivalent area of 5.6 cm2. With a cable length of 10 m, this area 

corresponds to an open flat pair of conductors with an insulating distance of 0.56 mm. Thus, at a 

radius of internal insulation of 4.5 mm, cable RK-50-9-11 with reproduced pulse action provided 

a screening coefficient close to 4.5: 0.56 = 8, about 2.5 times smaller than that given one in 

reference materials for coaxial cables with a copper sheath under the influence of a harmonic 

magnetic field with a frequency of 100 - 1000 kHz. The question requires an additional more 

detailed research. 

Attention should be focused on the equivalence of the used discharge of MTC PVG to the 

discharge of lightning in the atmosphere. If the current discharge of the MTC PVG corresponds 

to approximately 90% of the lightning discharges of our latitudes, the mechanisms for the 

development of discharges are different: in one case, a gas breakdown with the presence of 

leaders and specific instabilities, in the second sample of soil between the separated modules of 

the MTC PVG. Partially, the dynamics of such a breakdown is described in [3]. This process is 

non-linear with the formation of channels in the soil. It cannot be ruled out that under the 

conditions of our measurements the channel development was accompanied by instabilities, 

although there are no such data in the available literature. Therefore, in order to establish the 

nature of high-frequency oscillations on the signals, additional researches are required. 

In the additional analysis, the skin effect in the ground, which affects the distribution of 

the current and its magnetic field, also needs to be taken into account. Let us focus on the 

difference between the current signals and the magnetic induction, indicated in Fig. 6. This 

figure shows that the shape of the current and the magnetic field differ from each other. The 

magnetic field near the antenna is due to currents in the conductors and in the soil. Due to the 

skinning, the current in the soil is redistributed [4]. Therefore, the time profiles of the current and 

magnetic field near the antenna differ from each other. This fact must be taken into account 

when designing a lightning protection system. 

By the time the amplitude value of the current was reached, its main part either 

penetrated far into the depth of the ground or was distributed along a series of sliding spark 

channels, the existence of which was reversed in [3]. The possibility of spark-channel 

breakdowns deserves special attention. 

Nevertheless, the effect of the skin effect is not essential to consider the process of 

excitation of electromagnetic pickups linear and to refuse to recalculate the measured values for 

shorter impulse actions. This opens the possibility of practical use, created by MTC PVG for 

testing, both separate fragments of space vehicles and full-scale designs in general.  



 

Conclusion 
 

In the course of the work, results are obtained that visually show the magnitude of the 

induced signals in the elements of the cable network under the pulsed electromagnetic influence 

on the elements of the on-board rocket and space equipment. 

The practical possibility of using, developed by MTC PVG for ground-based testing of 

space vehicles for lightning strength, is shown. 

The possibility of almost complete compensation of the error from the return wire of the 

laboratory source in the ground tests due to the use of conductive soil in this role is established. 

The obtained data are of practical importance for the future regular operation of domestic 

spaceports, when it is necessary to ensure frequent launches regardless of weather conditions. In 

this experiment, the option of direct strike of a lightning discharge into the LV casing was not 

considered, from which there is no guaranteed protection. The most practical result of the 

experiment, according to the specialists of FGUP TsNIIMash, may be further study of the 

properties of current spreading over the surface of the LV casing (dependence on the LV 

configuration) and the determination of the vulnerable places of penetration of electromagnetic 

interference into the on-board cable system. It is in this direction that it is proposed to continue 

the research in the future. 
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