
 1 

УДК 621.316.938 

ASSESSMENT OF EFFICIENCY OF LIGHTNING DIVERTER 

ZONES UPON RESULTS OF NUMEROUS EXPERIMENTS 

WITH LIGHTNING LEADER ORIENTATION 
 

Gayvoronskiy A.S., Goldobin V.D. 

 

Introduction. Zones of lightning diverters (LD) protection are the basic concept on 

which the system of lightning protection of ground objects is built in the part of protection from 

direct lightning strikes (DLS), and serve as the main methodological tool in designing protection 

against DLS. The rules for their calculation and construction are established according to the 

standards for lightning protection [1-3].  

As a design tool, the LD protection zones are, of course, quite convenient, easy to use, 

intuitive and allow for easy automation of the design process. At the same time, the question of 

validity and effectiveness of their application remains open for today. The LD protection zones 

adopted in national and foreign standards, differ significantly from each other. At the same time, 

both those and others do not have a strict scientific justification. Parameters of the protection 

zones are determined by simplified formulas and the reliability of the protection declared for 

them at the level of 0.9 ÷ 0.999 is practically not confirmed by anything. In addition, the very 

definition of protection zones is not unique, since their parameters and the reliability of 

protection do not depend on the characteristics of the protected object and the characteristics of 

the lightning discharge.  

In this paper, an attempt is made to evaluate the efficiency of standard protection zones 

using typical cable LDs [2], based on the results of numerical experiments based on the lightning 

leader's orientation model [4]. The results of numerical calculations of the probability of 

lightning breakthrough into the protection zone (lightning strikes into the protected object) are 

given; the parameters of the protection zones with a reliability level of 0.9 are determined; 0.99 

and 0.999 with a variation in the LD height from 30 to 100 m. 

1. Research methodology 

As the prototypes for assessing the effectiveness of standard protection zones, the cable 

LDs shown in Figure 1 were adopted, including: single LDs of 30, 50 and 100 m high; double 

LDs of 50 m height with a distance between the cables of 120 and 250 m. The protected object 

was modeled by the bus wires (see Figure 1). The length of the span was 200 m; the sagging of 
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the cables in the span was not taken into account. The calculated parameters of the standard 

protection zones for these LDs are given in Tables 1 and 2. 

 
а) 

 
b) 

Figure 1 - Calculation of protection zones for single (a) and double (b) cable LDs. 

Numerical calculations were carried out according to the LIGHTNING.1 program, based 

on the lightning leader's orientation model [4]. This model describes a random process of 

propagation of the descending leader of negative lightning of the "cloud-earth" type taking into 

account random deviations of its trajectory and development of ascending (counter) discharges 

from the cable LDs and the protected object-wires. The calculation is carried out by the method 

of "static tests": numerical experiments on computers in which random implementations are 

reproduced - lightning strikes into the protected object (the number of random realizations is at 

least 2000). As a result of the calculation, statistical assessments of the average number of 
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lightning strikes in cable LDs and the object to be protected, the distribution of strikes along the 

length of the span, the laws of distribution of lightning currents for strikes in rope and wire are 

determined. 

Table 1 - Calculation parameters of protection zones of a single cable LD [2]. 

LD height, h, m Protection 
reliability, p.u. 

Protection zone parameters, m 
h0 r0 

30 
0.9 26.1 45.0 
0.99 24.0 28.5 
0.999 22.5 21.0 

50 
0.9 43.5 75.0 
0.99 40.0 46.8 
0.999 37.1 33.6 

100 
0.9 87.0 150.0 
0.99 80.0 90.0 
0.999 72.0 60.0 

 

Table 2 - Calculation parameters of protection zones of a double cable LD [2]. 

Protection 
reliability, 

p.u. 

Distance 
between 
LD, L, m 

Protection zone parameters, m 

h0 r0 hC LС Lmax 

0.9 118 43.5 75.0 43.5 150 300 250 14.5 

0.99 118 40.0 46.8 40.0 118 250 250 0.0 

0.999 118 37.1 33.6 34.4 109 234 250 - 
 

Procedure for calculating the LD protection zone with a given reliability was as follows. 

With these LD parameters and the variation of the coordinates of the arrangement of the wires in 

the span (X, Z), the number of lightning strikes into the protected object NОB (x, z) and N*ОB (x, 

z) was calculated in the presence and absence of LD, respectively. The probability of lightning 

breakthrough into the protection zone was determined as РBR (x, z) = NОB (x, z) / N*ОB (x, z) 

corresponding to the protection reliability: Р (x, z) = 1- РBR (x, z). On the basis of the 

dependences P (x, z) obtained, the boundaries of the protection zones for a given reliability were 

determined on the basis of the condition P (x, z) = 0.9 (0.99, 0.999). 

2. Results of calculations 

Single rope LD. The calculated protection zones for single LD cables are shown in 

Figure 2. For comparison, typical protection zones according to [2] are also shown there. The 

results of the calculations confirm the main qualitative patterns with respect to the standard LD 

protection zones: a reduction in the protection angle, the presence of a "dead zone" of protection 

at the LD peak and a decrease in its height (h0), with an increase in the level of reliability and LD 
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height. Along with this, they show significant differences between the calculated protection 

zones and the typical ones. 

The boundaries of real protection zones, if understood as such, are far from the standard 

gable surfaces that form an isosceles triangle in the section. The boundary of the protection zone 

is curved and its angle of inclination changes (increases) as the protected object is removed from 

the axis of the LD. The angle of protection, therefore, is not a settling parameter for describing 

the protection zone. Reliability of protection, in addition to the angle, depends significantly on 

the excess of the cable over the protected object (wire) and grows with its increase. This result is 

quite natural, is confirmed by numerical calculations and operational experience of HVL 500-

1150 kV [4,5].  

With some conventionality, taking into account the above, the calculated protection zones 

can be determined by the same parameters as for standard zones: height (h0) and half-width of 

the protection zone by the base (r0). The relative parameters of the calculated protection zones, 

referred to the parameters of typical zones, are presented in Table 3. 

Table 3 - Relative parameters of design protection zones of a single cable LD, reduced to 

the parameters of the standard protection zones, according to [2]. 

LD height, h, m Protection 
reliability, p.u. 

Relative parameters of the protection zone, 
p.u. 

h0 r0 

30 
0.9 1.03 1.41 
0.99 1.02 1.39 
0.999 0.97 1.45 

50 
0.9 1.00 1.25 
0.99 0.96 1.38 
0.999 0.93 1.32 

100 
0.9 1.01 1.00 
0.99 0.84 1.27 
0.999 0.76 1.72 

 

With an LD height of up to 50 m, the standard protection zones for h0 height practically 

coincide with the calculated ones, and along the width of the base r0 is 1.3-1.5 times less than the 

calculated ones. It can be stated in this way that standard protection zones have some margin for 

reliability. At an LD height of more than 100 m this ratio is violated. With respect to the width of 

the r0 base, the standard zones are still smaller or equal to the calculated ones, but they usually 

exceed h0 in height. The boundaries of real protection zones at the height of the protected object 

Z> (0.2 - 0.3) h are located substantially below the standard zones. The latter in this case do not 

provide the specified reliability of protection. 
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а) h = 30 m 

 
b) h = 50 m 

 
c) h = 100 m 

Figure 2 - Calculated protection zones for single cable LDs of different heights  
(dashed lines show the standard protection zones [2]) 
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As already noted in the introduction, the standard protection zones do not take into 

account the characteristics of the protected object and the actual lightning discharges. In other 

words, the reliability of object protection within the boundaries of the standard zone does not 

depend on what it is: a building, a structure, a wire system or a single wire, etc. The reliability of 

the protection also does not depend on the parameters of the lightning discharge, in particular, 

the lightning current, which means that the probability of lightning breakthrough into the 

protection zone (direct strike into the object) with a current of 5 or 100 kA is equivalent. As the 

results of calculations show, the reliability of protection, on the contrary, is very sensitive to 

these characteristics. As an illustration to this, Figure 3 shows the dependencies of the 

probability of lightning breakthrough into the protection zone from the height of the object, 

obtained for a single wire and two wires. Apparently, even such a minor change in the 

characteristics of the object (two wires instead of one) leads to a significant increase in the 

probability of a breakthrough of 1.4-1.7 times. 

 
Figure 3 - Dependences of the probability of lightning breakthrough into the protection zone 

from the height of the object with different number of wires simulating the object  

(single LD, h = 50 m, wire rope displacement X = 15 m)  

Figure 4 shows the dependencies of the average current of the lightning breaks on the 

reliability of the protection. As established, the law of the distribution of the lightning current for 

strikes into the object differs significantly from the initial distribution for strikes into the ground 

(the latter was assumed to be logarithmically normal with the following parameters: µlogI=1.36; 

δlogI=0.32 [6]). At that, both the average current and the current spread are significantly smaller 

than for the initial distribution and depend on the reliability of the protection. According to the 

calculated data, with an increase in protection reliability, the average current of the lightning 
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breaks down to a multiple of 7.5-15 kA at reliability levels of 0.99-0.999. This result is 

significant from the point of view of the effects of lightning on the protected object, the 

normalization of external and internal lightning protection.  

 
Figure 4 - Dependence of the average current of lightning breaks into the protection zone 

against the probability of a breakthrough. 

Double rope LD. Double rope LDs' parameters were chosen on the basis of assessing the 

effectiveness of their internal (joint) protection zone in two limiting cases: at distances of LС and 

Lmax corresponding to a protection rating of 0.99 (see Table 2). The first case is the limiting 

(maximum) distance between LDs at which the boundary of the inner protection zone does not 

yet have a sag (hC = h0); the second case is the limiting distance between the double LDs, at 

which the minimum height of the boundary of the zone in the middle between the LDs becomes 

zero. 

The results of calculations of the protection zones for these cases are shown in Figure 5. 

It can be stated that in both cases the standard protection zones of double LDs do not provide the 

declared reliability for them. At L = LС, the boundaries of real protection zones have a sag and 

lie significantly below the standard zones, and not only with a reliability of 0.99, but also with 

0.9. At L = Lmax, internal (joint) protection zones for double LDs with a reliability of 0.99 and 

0.9 are virtually absent. The calculated boundaries of the inner zones lie significantly below the 

standard ones and practically do not differ from the calculated boundaries for single LDs. 
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а) L = LC = 118 m 

 
b) L = Lmax = 250 m 

  
Figure 5 - Calculated protection zones for a double cable LD for different distances between 

cables (dashed lines show the standard protection zones [2]) 
. 

Conclusions 

1. Typical protection zones for cable LDs, adopted in the national standards for lightning 

protection, do not provide the required reliability and require revision. First of all, this concerns 

the internal protection zones of double cable LDs, as well as protection zones for single LDs 

with a height of more than 100 m. 

2. Typical LD protection zones of the are fundamentally limited in their effectiveness for 

the design of complex power supply network facilities. They do not allow optimal selection of 

the protection parameters from the DLS for a system of multiple and multihigh-range LDs of 

various types, do not take into account the features of the protected object, the dependence of the 

currents of lightning breaks on the reliability of protection. This reduces the quality of design, 
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reliability of lightning protection and leads to unnecessarily overestimated costs for its 

construction. 

3. To increase the reliability of lightning protection and design efficiency, it is necessary 

to introduce modern calculation methods that are oriented towards the use of CAD, based on the 

statistical approach and computer modeling of the leader's orientation. 
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