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SUMMARY
Lightning current measurements do not create problems in a methodical plan. They are long and successfully carried out on a separate high-rise constructions, where you can get at least a few recordings for the lightnings season. Statistics, received from such measurements, are applied to any above-ground structures, including overhead power transmission line (OHL), without justifiable reason. It is not correct because almost all known hypothesis of lightning orientation come to conclusion about changing the currents statistics in depend on the height of the object. More ambiguities are connected with the distribution of different power lightnings between lightning rod and a protected object. The spatial resolution of remote registration of lightning does not yet allow to differentiate the strokes in the lightning rod and protected object and especially if it is the phase conductor of OHL or ground wire.

Attempts to limit itself by the fact that to install of the simplest current sensors to OHL, like magneto-recorders, do not lead to success. In fact, they have a large error, do not able to record the time parameters of impulse current, can not to differentiate multi-component discharges and do not have the necessary speed of data access.

Reliable data about lightning currents, arising in the real objects, including the energy facilities, at the lightning stroke are absent. 
At the end of 2010, Federal Grid Company and JSC "Streamer" in Russian Federation suggested to develop of modern lightning recorder for power transmission lines based on modern requirements. 
Next-generation of lightning current recorder (LCR) has been designed, manufactured and successfully tested under field conditions by the team of CJSC «SET», JSC «PEI» and JIHT RAS. The recorder was designed on the modern electronic base. Reading unit of recorder allows to distinguish and to record pulses of current to the first and subsequent components with intervals of 10 ms and above. Total number of registered components of lightning is 20. LCR provides registration of pulse current within 1-10 μs with a resolution up to 0.1 μs and the full width of the pulse current at half maximum up to 500 µs. LCR can register and keep long in RAM the data of pulse currents of any polarity with 1-100 kA amplitude range with reference to their local time with an error of not more than 0.01%. LCR operates autonomously at least one of the lightning seasons at temperature ranging from -10°C to +50°C.  It is suitable to mass installation on the transmission lines or lightning rods of any ground facilities. This type recorder has a number of advantages over the analogs of many well-known companies. The main ones:  the high-level of time resolution of lightning current; ability to distinguish multi-components of lightning; ease of installation and low cost.

The development of LCR were  represented in earlier work [1]. This paper describes more detail the principles of decisions underlying of the development. Oscillograms of lightning current components, obtained with high resolution during recorders operation, are represented also in this paper. Our results allow both to calculate lightning surge more exactly and to investigate lightning more detail. This confirms the prospects of using of these devices.
keywords
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1 TASK and goals of project development
Progress of remote lightning current recording, based on electromagnetic radiation registration in the far field, led to a pause of improving of direct registrations, in which sensors are installed directly on the affected object, for example, on the OHL tower.  But belief to the results of the remote recorders is not an absolute. In particular, due to long settings of multipoint system of remote recorder, the decoding of the received information is not one-valued. Theoretical study of the synthesis of current lightning across a magnetic field at a distance of about 100 km from the point of impact is identified the sources of methodological error, which is difficult to remove. Error is associated with non-linear current parameters of the return stroke wave, which is propagating along the channel of downward leader from the earth to the cloud [2]. As a result the direct proportionality between the amplitudes of the current and the magnetic field intensity in the far field disappears. Under certain conditions, methodical precision of current synthesis can reach of tens and even hundreds of percent.  That is why should be treated to the results of remote measurements with care, especially for estimation lightning surges in transmission line of high voltage classes.
The statistics task of the lightning current struck OHL tower and ground wire or broken to the phase conductors of OHL cannot be solved by remote method due to insufficient spatial resolution, which is greatly exceeding 100 m for modern recording equipment, as rule.  This is one of the reasons that the hypothesis about the probability of increasing of a breakthrough to the phase conductors of the «weakened» lightning (which current is significantly lower than the statistically average one) did not receive so far reliable confirmation.

Listed tasks require to develop the devices for direct measurements of current, which could be placed on transmission line towers, on ground wires and, if it is necessary, on the phase wires. Such passive elements, like well-known magneto-recorders, cannot be use as such recorders, because the measurement of their residual magnetization gives the peak value of the current, at the best, and completely excludes the registration of time parameters which is important for the calculation of lightning surges. 
Existing systems of lightning registration of such companies as ABB, SIEMENS, PHOENIX, and others, have a number of significant disadvantages:
· time-resolution of current lightning  is absent;

· multicomponent lightnings are not resolved at all;

· amplitude values of currents are measured at intervals;

· in most cases, complicated technology of installation;

· high cost.

The results of the pilot operation of autonomy LCR in real field conditions are presented in this report. LCR are based on modern microelectronics and are suitable to operate on OHL of high voltage classes during lightning season without routine maintenance and replacement of the power supply. It was assumed that the engineering solution of LCR must be suitable for mass production.

2 principAL decision and the main structural elements of LCR
Selecting the block scheme of the device and specific engineering solutions for its structural modules was guided by the desire to preserve the maximum possible speed of registrations at the lowest possible power consumption. The main technical requirements for the registration of a lightning pulse current are presented in table I. During the limiting parameters selection it was taken into account that the lightning current is fixed by LCR only partially. Because lightning current always spreads over several structural elements at the defeat of OHL. That is why the accepted value of the maximum current is 100 kA (not 200 kA) and the minimum current is 1 kA, obviously safe for OHL of the higher voltage classes.
Table I
	Name of parameter
	Unit
	Value

	The full width of the pulse current at half maximum
	µs
	20 - 500

	The pulse current rise time at 0,1-0,9 maximum
	µs
	1 – 10

	The amplitude of the current
	kA
	1 – 100

	The number of registered lightning components
	
	not less than  20

	The minimum interval between components
	ms
	10


Table II represents of the requirements for working conditions and allowable errors of registration.
Table  II
	Name of parameter
	Unit
	Value

	Autonomous resource of work (ARW) of the LCR without battery replacement  
	month
	not less than 10

	Precision of fixing of the date and time for the lightning discharge during the ARW 
	%
	not less than 0.01

	Time resolution of the recording data on the front of the lightning current (discreteness transformation) 
	µs
	not more than 0.25

	Bit depth of conversion of the recording data 
	bit
	not less than 12

	Data storage about number of lightning strokes 
	
	at least 2

	Data storage about lightning activity in the area of installation (number of lightning storms) 
	
	not less than 50

	The relative error of measurement of current amplitude
	%
	10

	The relative error of measurement of time parameters of current pulse
	%
	0.5

	Temperature range
	(С
	-10 +50


Rogowski coil was used in LCR as the current sensor. In most practical situations the coil is not able to cover all the metal structures, which spread lightning current (fig.1). 
So the registration of lightning current must be accompanied by a synthesis of its values by using a special computer program that takes into account the real structure of the object, for example, tower of transmission line. The creation of such a program is not a problem when all current-conducting parts are attached to a common grounding device.
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Fig.1. Installation of LCR on steel and reinforced concrete tower of the transmission line

Block scheme one of the approbated LCR represented on fig. 2. 
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Fig.2. Block scheme of LCR with a module of the lightning activity testing
The key element of LCR is the module of lightning activity testing. It checks the radiation of the lightning channel within the range of 6-30 kHz in the nearest neighborhood of LCR space (from 1 to 5 km). It is the block, featuring extremely low power consumption, operated during the spring-autumn season. All other elements of LCR are activated for the short time when a storm becomes real over the LCR. This solution allowed to reduce significantly power consumption and to use small power battery, which does not require recharging during lightning season.

During a storm, LCR moves from "sleep" mode to the normal functioning mode by getting the command of lightning activity and it is ready to record the signal from the Rogowski coil without any delay.  Signal is recorded in the fast memory block after the initial conversion. Then the information is written to the nonvolatile memory storage and by standard means it could be transmitted to the external interface. Presence of module of lightning activity testing has an additional function for the precise definition of the storm duration at the place of LCR installation. For this purpose the time of appearance of each close atmospherics was  recorded in nonvolatile memory.

LCR (120 units) have been installed on 220 kV transmission line in one of the power systems of Russia and successfully operate all time since July 2012 till September 2013.
3 THE RESULTS OF REGISTRATION OF THE LIGHTNING CURRENTS

Fig. 3 represents oscillograms of a current of the first and the second lightning components recorded using LCR installed one of the nodes of steel tower P_MOD1 (220) "Wine-glass" are presented in. The pause between components was 46 ms. The amplitude of a real impulse of a current of the first component is about 40  kA,  for  a  current  of  the  second  component  ~ 30 kA.
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Fig.3. The current of the first (dark blue curve) and the subsequent (red curve) components at a lightning stroke to 220 kV OHL 5/16/2012 at 3:51:07 PM
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Fig.4. The current of the first (dark blue curve) and the subsequent (red curve) components at a lightning stroke to 220 kV OHL 5/16/2012 at 3:51:07 PM

The full width of the pulse current at half maximum is close to 50 s and slightly differs for the first and for subsequent components. Fig. 4 shows time base of front of the current impulses 

It is possible to notice that duration of front of the second component of a lightning current is much less than duration of the first component. 

Oscillograms on fig. 5a and 5b are recorded at the same time on the nearest towers of 220 kV OHL.
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Fig. 5. The current on the nearest towers of 220 kV OHL recorded at the same moment of time of 5/16/2012 at 5:10:57 PM
Note the pulses duration of current is different in the different OHL towers.   It may be associated with different values of their earth resistance, varying in time, for example, owing to the evolution of various on length sliding spark channels along a surface of a ground which can start from the base of a tower [3].
CONCLUSION
Testing of the LCR in real exploitation has proven the ability to create a sufficiently simple and inexpensive device, based on modern electronics, which is capable to function on OHL a lot of time without any false responses from electromagnetic noise associated with switching modes. 
Temporal resolution of recorder and range of  recorded current allow to use of LCR for collection of statistical data on lightning currents affecting for HV lines  and for the control of overvoltage limiters. LCR does not require routine maintenance for storm season and therefore can be recommended for mass use in electric power industry.
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