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LIGHTNING EFFECTS RECORDING  

IN TRANSFORMER NEUTRAL 

 

Introduction 

While investigating the technological disturbances that occurred in Kola power system 

during thunderstorm season of 2017, we faced the problem of data shortage referring to lightning 

impact on electrical equipment. The only data source are waveform files recorded by digital fault 

recorders (DFR) in substations. These devices demonstrate a low sampling frequency and 

register secondary manifestations of lightning impacts (short circuits at linear insulation 

flashover), but their main drawback is a limited time storing event files. Files are stored by the 

operational staff only in case of a technological fault that requires investigation, otherwise they 

are automatically deleted. Thus, at present there is no possibility to use them for statistical 

analysis of the lightning activity in the area where electrical facilities (overhead power lines and 

substations) are situated. 

The Center for Physical and Technological Problems of Energy in Northern Regions of 

KSC RAS, within the framework of cooperation agreements with regional divisions of FGC 

UES and IDGC, for a long time has been continuously monitoring electromagnetic events in 

Kola power system. Since November 2003, the number of Kola power system substations 

performs currents measurement in neutrals of transformers and autotransformers; for some 

substations, the continuous registration period is almost 7 years. The main purpose of these 

measurements is to register geomagnetically induced currents (GIC) flowing in neutrals during 

geomagnetic storms (GMS) [1]. However, the analysis of the accumulated data demonstrates that 

GIC registration devices also provide information on such events in the power system as 

transient switching processes, lightning surges, impacts of side sources, etc. 

The report presents the results of lightning impact registration obtained from GIC 

monitoring system in autotransformers neutrals. 

 

Measurement technique 

The GIC monitoring system [2] allows registration of quasi-permanent currents in 

transformers neutrals, as well as control of harmonics content in the circuit. Every 0.1 s the 



following components of the total current in the neutral, obtained through Fourier expansion 

with 0.1 s time-interval integration, are registered and recorded into the file: 

- constant component 0I that carries direct information about GIC; it also contains a 

zero-offset signal of the current sensor caused by residual induction in the magnetic core of the 

sensor and temperature drift within circuit elements. The signal can be both positive and 

negative, depending on the current direction, it is calculated with the formula 
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where )(tIN  is the instantaneous value of the neutral current, cT 02.0  is the industrial 

frequency period, cT 1.05   is the integration interval; 

- amplitude values of the first, the second and the third harmonics currents which allow to 

estimate the change in harmonic composition of the total current in neutral at significant 

amplitude GIC flow. In normal mode the second and the third harmonic currents are negligible, 

therefore their rise may be considered as caused only by distortion induced by the 

autotransformer magnetic core magnetizing by GIC. Currents of harmonics can be only positive, 

since these are the values of amplitudes calculated with formulae 22

kkk CBI  , where 

3,2,1k  is the harmonic number,  
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  are Fourier factors for the k th harmonic. 

The analysis of the accumulated data shows that recording device registers fast events as 

well, such as lightning impacts or switching processes (e.g., in case of short-circuit or protection 

activation) [3]. Despite the fact that any processes with less than 0.1 s lifetime will be captured 

as a single point in the current neutral record; the occurrence of such event is reliably recorded 

and sometimes it is even possible to estimate the relative energy of the phenomenon. 

Therefore, the GIC recording system is more a storm indicator which helps to detect the 

lightning impact on the overhead power line (OHL), and both inductive surge currents and those 

from direct lightning strikes, are recorded. However, as will be shown further, some signals have 

a lifetime of more than one integration interval, reaching several seconds. This can be explained 

by the fact that integral comprises signals from both single lightning impact and subsequent 

lightning components, as well as their multiple reflections from the OHL terminations. Besides, 

at insulation flashover results in short-circuit points, aperiodic components of which also appear 

in the constant component current 0I . Harmonics currents 1I , 2I  and 3I  demonstrate periodical 

components of zero sequence currents which occur at short-circuits and other asymmetrical 

modes arising, for example, at current protections activation. In particular, the first harmonic 



current waveforms 1I  reliably fixed the short-circuit moment and non-current break at reclosing 

cycle. Therefore, currents 0I provide us with the information about all types of lightning effects 

on the OHLs powered by this transformer, while currents 1I  capture short-circuits of the lines 

and their emergency cutoffs. 

Apart from harmonics, the system permits recording of instantaneous values of currents 

flowing in neutrals at various kinds of transients, for example, switching, short-circuits, or 

lightning impacts. The current curve is built on 256 points at a sampling frequency of 14400 Hz, 

i.e. it is possible to receive a signal of 18 ms lifetime (almost an industrial frequency period). 

The instantaneous values recording unit is triggered when a certain threshold value of the neutral 

current derivative is exceeded at a given period of time. The sampling period is about 70 μs, thus 

making it possible to see the moment of lightning strike into the line on the waveform, as well as 

the insulation flashover and short-circuit initiation. 

 

Discussion 

As a recording example, consider the thunderstorm that took place on July 18, 2017. It is 

characterized by the high intensity and successful localization: the storm front was moving from 

the south to the north along the corridor axis with two 330 kV and one double-circuit 150 kV 

OHLs. These OHLs are connected to 330 kV substation in the vicinity of Murmansk. In total, 

this substation powers three 330 kV and ten 150 kV OHLs having a length up about 100 km and 

oriented on all sides of the earth, that is why the major part of thunderstorms within 100 km 

radius create disturbances in the neutral current in substation autotransformers. The GIC 

registration system in this substation was installed in the neutral of one of the two 

autotransformers in October 2011, and provided discontinuous data recording ever since being 

installed.  

Figure 1 shows lightning discharges on July 18, 2017, from 7:30 a.m. to 9:30 a.m. UTC. 

The storm started near Olenegorsk and moved north to Murmansk. 

 



 

Figure 1. Lightning discharges chart (according to Blitzortung.org project of storms detection network). 

 

Figure 2 shows the waveform of the constant component of the neutral current 0I for the 

selected time period. Over two hours of the storm about 150 lightning impacts with different 

pulse amplitude were recorded, the waveform clearly shows how the storm was approaching the 

substation and reached it at about 8:30 UTC. The impact density and amplitude at this point is 

maximal. 

 

Figure 2. I0 current waveform in the neutral of the autotransformer. 

 

The pulse amplitude is defined by numerous values: lightning impulse parameters, surge 

character (either induced or direct strike), distance from the OHL axis for induced pulses, 

distance from the maximum impact point to substation, etc. The data of our recording system 

make it literally impossible to determine the lightning parameters or the impact area. These data 

yet provide with integral picture of the lightning impacts that have passed through the 

autotransformer, and in fact, each of those impacts is applied to its insulation. 



Shown in Figure 3 is a waveform of the amplitude value of the first harmonic current in 

the neutral of the autotransformer for the same period of time. The direct sequence currents arise 

in the grounded neutral in case of phase currents symmetry violation. In normal mode, the 

current of the first harmonic in this substation has a amplitude value of about 4 A which is due to 

line-to-neutral voltage and loads asymmetry. The current jumps in Figure 3 resulted from short-

circuit after OHL insulation flashover. Within two hours of the lightning activity OHLs 

approaching substation demonstrated 10 flashovers with short-circuits, which resulted in current 

protection activation and liquidated by successful reclosing actions. 

 

Figure 3. I1 current waveform in the neutral of the autotransformer. 

 

Shown in Figure 4 shows is a waveform of the insulation flashover process and short-

circuit arc occurrence obtained with the instantaneous values recording unit. In total, for two 

lightning hours, the pulse recording unit was activated 40 times. 

 

Figure 4. Instantaneous current value waveform in autotransformer neutral at 8:31:30 UTC. 

Not every impulse insulation flashover converts to a stable short-circuit arc. Figure 5 

shows the case when the impulse insulation flashover self-destructed and did not result in a 

short-circuit and line cutoff. Figure 3 did not even demonstrate this event as it did not result in 

significant currents of direct or inverse sequence. 

 



 

Figure 5. Instantaneous current value waveform in autotransformer neutral at 8:34:59 UTC. 

 

The system of GIC monitoring in neutrals of autotransformers is definitely not a device 

intended specially to register lightning impacts. However, some statistical estimates of integral 

lightning impact on the power system can be obtained with its help, as an extensive array of 

continuous data has been accumulated for many years. The initial estimates show, for example, 

that in 2017 autotransformers in 330 kV substation near Murmansk were exposed to more than 

500 lightning pulses, of which about 20 led to connected OHLs emergency cutoffs. In 2014, the 

storm activity on the Kola Peninsula was abnormally high and resulted in more than 3000 

lightning impacts registered in this substation, of which 55 caused emergency cutoffs of the line. 

On the contrary, in 2015 there was only one lightning-induced cutoff per 190 impacts. 

 

Conclusion 

Power lines are tremendous antenna systems that capture electromagnetic waves in a 

large area. Measuring current in the neutral permits to collect and analyze data directly or 

indirectly characterizing the impacts of various external influences on the operation of the power 

system, and investigate its response to these impacts. The unique location and developed energy 

infrastructure of the Murmansk region provide the use of its main power transmission lines as a 

laboratory to study the influence of natural and man-made electromagnetic radiations, 

particularly, the lightning effects on electrical facilities insulation. 

This work has been performed with financial support of RFBR and the government of the 

Murmansk Region (Project № 17-48-510199 r_sever_a). 
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