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Nomenclature 

     𝑅1 = Filter resistance 

     𝑋𝐿1  = Filter inductive reactance 

𝜇𝐻 = Micro-Henry, sub unit of Inductance 

Ω = Ohm, unit of Resistance 

𝐿1 = Filter inductance 

𝐶 = Terminal-to-terminal Capacitance of Arrester 

𝑅0 = Stabilizing Resistance 

𝐿0 = 
Inductance associated with the magnetic  
field in the immediate vicinity of the arrester 

      LA= Lightning Arrester 

      MO= Metal Oxide 

    MCOV= Maximum Continuous Operating Voltage 

𝑉𝑠 = System line-to-line voltage 

𝐶𝑒 = Coefficient of Earthing 

     𝑉𝑚𝑎𝑥 = Maximum system voltage 

𝑉𝑃 = Phase Voltage 

       ZnO = Zinc Oxide 
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1. INTRODUCTION 

Lightning is unpredictable and it 

is the most destructive of all 

elements associated with 

thunderstorms. It causes damage 

to many objects and systems such 

as electronic circuits, overhead 

and underground electric power and communication systems, buildings, boats, and aircraft and launch vehicles in 

flight. It is the most frequent cause of over voltages on distribution systems [1, 2]. The voltage of a lightning strike 

may start at hundreds of millions of volts between the cloud and earth. Although these values do not reach the earth, 

millions of volts can be delivered to the buildings, trees or distribution lines struck [3].  Lightning is a direct 

transient current that has been recorded to be up to 260,000 amperes and last for duration of up to 200 microseconds 

making it very hard to study [4]. According to [5], lightning strikes and thunderstorms during rainfall are very 

likely to occur frequently and hence protection of equipment 

especially transformers, that can be affected by their occurrence 

should be treated with utmost priority [6].  

Lightning as a physical phenomenon, occurs when the clouds 

acquire charge or become polarized, thus creating electric fields 

of considerable strength between the cloud and adjacent masses 

such as earth and other clouds [5]. However, it takes a very 

conductive atmosphere below/about 50 km owing to the 

presence of ions created by both cosmic rays and the natural 

radioactivity for lightning to be triggered [7]. Studies carried out 

by Mowete and Adelabu [8] indicates that in the early times, the 

destructive effects of lightning strikes were limited mainly to high voltage (HV) power supply lines, but with the 
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Abstract: The phenomenon of lightning is an exciting natural incident. However, its rate of 

occurrence can be as critical as it is electrifying. The magnitude of energy contained in lightning 

strikes is very high and can be destructive. In order to prevent electric power equipment from 

lightning, protection schemes like the use of lightning rods, ground wires and surge diverters are 

put in place to curtail its effects on electric equipment. This device is used for the protection of 

substations equipment against high travelling waves, by arresting the abnormal high voltage spike 

to the general mass of the earth devoid of affecting the continuity of supply. In this paper, a detailed 

design of surge diverter or lightning arrester for protection of electric power system is presented. 

SOLIDWORKS software was utilized in this study to access the performance analysis and 

application of an 11kV valve-type surge diverter modelled after the IEEE lightning arrester model. 

Different lightning arrester models are presented. By Slight variation to the IEEE model, a 92% 

reduction in the lightning-induced voltage was recorded. Thus, the modified model can be applied 

to the protection of 11kV power systems for more reliable and improved supply of power to 

customers. 
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advent of mobile telephony services, information technology infrastructure concern expanded to include the 

increase in equipment fatalities occasioned by the absence of lightning protective systems. The choice of protection 

depends on the criticality of the load, relative size of the transformer compared to the total system load and potential 

safety concerns. Percentage differential protection is the most widely used scheme for the protection of 

transformers rated 10 MVA and above [9, 10]. 

Lightning arresters are essential devices of serious importance in areas prone to lightning strikes hazards like losses 

due to equipment damage [11, 12]. They are used to prevent the disastrous effects of lightning on buildings, power 

and communication systems, and equipment in general. As a result, the reliability of an electric power system is 

greatly affected by lightning strikes to such effects as line design, the frequency of lightning flashes, the magnitude 

of the lightning over voltages and the failure statistics of power system components as a major cause of power 

outages worldwide [13, 14, 15]. This is because, lightning damages power system equipment and many times 

renders them inoperable thereby making the system very unreliable. For instance, in 2003 United States, Canada 

and Europe suffered a series of blackouts, attributed majorly to lightning strikes leaving more than 60 million 

people without electricity [15, 16].  

In addition, according to [17] a direct lightning strike on a power line or an induced voltage from a nearby strike 

may lead to line „„flashover‟‟ or failure of arresters, transformers, insulators, or other line hardware. Flashovers or 

equipment failure can result in an out-of-service line, which is a more technical term for an „„outage” [18, 19].  

Different types of lightning arresters exist and they differ in material construction. They operate almost on the 

principle to provide low resistance path for the surges to the general mass of the earth. 

Their selection depends on the factors like the material makeup, current, voltage ratings they can withstand, their 

reliability mostly and others follow. There are the rod arrester, multi gap, metal oxide, horn gap, expulsive type, 

valve type lightning arresters. The issue with the rod lightning arrester is that once the spark occur, it may continue 

for some time even at low voltage. This is taken care of by the use of current limiting reactor in series with the rod. 

The presentation of the design of a valve type lightning arrester modelled after the IEEE model is the main concern 

of this work. Valve type of lightning arresters incorporate non-linear resistor. As the magnitude of lightning 

current/voltage is very high, the non-linear elements will offer a very low resistance to then passage of the surge 

which will rapidly go to the general mass of the earth instead of being sent back over the line. The non-linear 

resistors take up high resistance to stop the flow of current as the surge is over. 

2. MODELS OF LIGHTNING DIVERTER  

A number of good models have been proposed to describe the arrester behaviour for different kinds of stress [20]. 

There are mainly three lightning arrester models namely as presented in [21]:  

i) IEEE model, ii) Pinceti model, and iii) Fernandez-Diaz model 

Fig. 1(a) shows the model recommended by IEEE. It uses the non-linear V-I characteristic which is obtained by 

means of two non-linear resistors, represented by A0 and Al and separated by an R-L filter. For slow surges, the 

filter impedance i.e.  1||  1 is extremely low and A0 and AI are practically connected in parallel, with R =  1 and L 
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Table 1: V-I characteristics for A0 and A1. 

=  1 [20]. The corresponding inductive reactance,   1is obtained by computing   1 accordingly.  A0 and A1 are 

non-linear resistors (varistors) whose values have already been defined experimentally by the committee of IEEE 

W.G. 3.4.11 [3]. Figure 1 and Table 1 summarize the results of the experiments. They are represented by the MOV 

blocks in Figure 8. 

 

Figure 1: V-I characteristics of nonlinear resistors A0 and A1. 

 

Using the details provided in Table 1, the non-linear characteristics 

of A0 and A1 can be obtained for any value of discharge current, 

bearing in mind that they are to be calculated to match the residual 

voltages for the lightning discharge currents of the protection 

V-I-characteristic provided by the manufacturer, which is the 

Crompton Greaves ZLA2007 Lightning arrester in this case (See 

Figure 7 and Table 2 [6].  Obtaining the values of A0 and A1 by hand 

would be quite laborious and laden with error. The use of the 

ATPDraw software however, simplifies this as when a nonlinear 

branch element like a metal oxide arrester (whose resistance is 

typified by A0 or A1) with MOV Type-92 component is specified in 

the ATPDraw software. ATPDraw accepts the current/voltage (V-I) 

characteristic and performs an exponential fitting in the log-log 

domain to produce the required ATP data format [7].  The Pinceti 

model shown in Figure 2(b) was proposed by Pinceti and 

Giannettoni in 1999. It is based on the IEEE model with some minor 

differences [21] A0 and A1 are the non-linear resistors, L1, the filter inductance and R0 the stabilizing resistance are 

used to avoid numerical oscillations [22, 23].  The model proposed by Fernandez and Diaz in 2001 is shown in Fig. 

I [kA] V [p.u] 

A0 A1 

0.1 0.963 0.769 

1 1.05 0.85 

2 1.088 0.894 

4 1.125 0.925 

6 1.138 0.938 

8 1.169 0.956 

10 1.188 0.969 

12 1.206 0.975 

14 1.231 0.988 

16 1.25 0.994 

18 1.281 1 

20 1.313 1.006 

Source: [3, 4] 
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2(c). In this model A0 and AI are in parallel and are separated by an inductor of inductance L1, which is the filter 

inductance, and has the most influence on the result. 

 

(a) IEEE Model 

 

(b) Pinceti Model. 

 

(c) Fernandez-Diaz Model

Figure 2: Lightning Diverter Models 

Among these models, the IEEE model is somewhat advantageous over the Pinceti and Fernandez-Diaz models 

because it involves the physical dimensions of the arrester which can be easily measured. 

3. LIGHTNING ARRESTERS IN THE PROTECTION OF POWER LINES 

Lightning discharges on transmission and distribution lines affect their efficiency and performance as the transient 

high voltages may cause flashovers on electrical equipment on the power line [16]. The protection of electric power 

lines from the destructive effects of lightning may be achieved by one or a combination of the following methods 

[17]. First is the use of the highest economically reasonable insulation levels, second is the use of overhead ground 

wires with good earth connections at the most closely spaced intervals physically possible and economically 

reasonable, and third is the use of lightning arresters between the phase conductors and the neutral, spaced as 

closely along the line as economically reasonable and at locations of sensitive line hardware. The role of lightning 

arresters in the protection of power lines cannot be overemphasized. [24], in their research on the lightning 

performance of unshielded transmission lines, posited that the installation of lightning arresters after four years of 

operation of the Narrabri-Moree line reduced the observed outage rate, buttressing the need for the protection of 

power lines against lightning. 

Grounding Details 

Earth rods are selected based on their ability to withstand corrosion, copper bond earth rods are selected for the 

earthing of the LPS [25]. Earthing systems must also, have an electrical resistance less than 10 ohms [26]. 

4. METHODS AND MATERIALS 

In this work, 132/11kV transmission line system is chosen alongside SOLIDWORKS software being used. 

SOLIDWORKS software is a software that is used for the design of physical engineering structures. It allows the 

designer to separate the structure into its constituent components and then assemble them to realize the full 

structure. Designs in the SOLIDWORKS software are saved with the extension, SLDDRW. This software is used 

to test the designed arrester and know its performance. The software is also used for modelling of the overhead 

transmission line system.  It can simulate overvoltage problem related to lightning phenomena and switching 

problem occurring in electric power systems.  
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However, in our paper, a quite different design methodology is proposed. This approach entails using MOV blocks 

that are bored and a 10 mm connecting metal (copper or aluminum) rod (main stud) passed through the bored holes 

in the stacked MOVs. This connecting rod is welded at both ends to a 10 mm hexagonal screw at the non-threaded 

end. The design is a little crude but is workable if the means were available. It is on top of this design that other 

steps taken in the conventional construction of lightning arresters can be made. It has also featured a comparison of 

the voltage levels for three different load cases under two system conditions. 

a. Model Calculations 

We employed the following equations in determining the parameters of the lightning arrester modelled after the 

IEEE model whose parameters are dependent of the physical properties of the lightning arrester.  

The Stabilizing Resistance, R0, can be determined using Eq. 1: 

 0 =        ⁄ [ ]                                                                (1) 

Where d = 445mm and  

n = number of parallel columns of metal oxide = 12 columns 

  =       , and 

Substituting the variables into Eq. (1) gives    0            

Hence, the stabilizing Resistance is      .  

Also, the Magnetic Field Inductance, L0, is given by Eq. 2: 

 0 =          [  ]                                        ⁄                (2) 

Where n and d are as defined earlier, thus, giving    0                  

Further, the Filter Resistance, R1 is given by Eq.3  

 1 =       ⁄ [ ]                                           (3) 

     1 =         .     

      The Filter Inductance, L1 is given as         

 1 =       [  ]                                     ⁄                     (4) 

     1 =           

                 The Terminal-To-Terminal Capacitance of The Arrester, C, can be determined from Eq. (5): 

   =          [  ]                                                     ⁄           (5) 

    Implies that            

The Dimensions of One Zn-O Varistor of The Lightning Arrester can be calculated using Eq. 6: 

  = 
  

                        
                                                 (6) 
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                                       ,                .  

The Arrester Rated Voltage is given as: 

 =        (         )                                   (7) 

The lightning arrester designed is to be installed on a 11-kV transmission line i.e. a transmission line with system 

voltage of 11-kV (rms). So, by employing equation (7), the rated arrester voltage can be gotten as: 

V=              i.e. adding in     voltage regulation, gives    =          (rms) = Min. MCOV. 

Arrester voltage got is          but 9kV is chosen because it is the closest arrester rating available in the market. 

Which implies that MCOV, which is 85% of the chosen voltage is 7.65kV  

For this study, a               lightning arrester, to be installed on a       transmission line, is designed 

using the SOLIDWORKS software. The structure of the lightning arrester and the SOLIDWORKS design consist 

of the following four (4) main parts. 

A. The Column or Disc. 

B.  The Main Stud. 

C.  The Hexagonal Head Bolt (M10). 

D.  Stack of Metal-Oxide Varistors e.g. ZnO varistors. 

1. The Column or Disc 

This is made of thyrite, porcelain, rubber or polymer and forms the exterior housing of the lightning arrester. It 

consists of a hollow, which is 16mm in diameter and a pair of circular discs, the top larger than the one at the 

bottom. The top is      in diameter while the bottom is      in diameter as shown in Figure 3. Twelve (12) of 

this pair makes the full length of the arrester body i.e. number of thyrite discs, =     =     The hollow is the 

slot for the hexagonal (hex) bolt.  

 

 

Figure 3: Dimensions of the Designed Lightning Arrester (in mm) 

2. The Main Stud 

This part of the arrester is        in length. It is made of metal like stainless steel and runs through the hollow 

inside the arrester main body comprising the discs. The hex bolt is welded to a       metal rod to form the main 
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(1) Main Stud 

(2) Column/Disc of     

Porcelain or Rubber 

(3) B18.2.3.2 M-Formed 

hex bolt 

 

Figure 5: Full Lightning Arrester Design using SOLIDWORKS. 

stud as shown in Figure 4. The main stud is       wide in diameter. This metal stud holds the varistors together 

in place together with the springs. The connections to the transmission line on top of the lightning arrester are 

made using the hex bolt and nuts that are       in diameter. At the bottom of the lightning arrester, the hex bolt 

is connected to a disconnector, which is connected to a set of insulating brackets.  

                               

Figure 4 (a): The Rod joined to the Hex bolt to form the Lightning Arrester, (b): Cross-section   of Lightning 

arrester with parts labelled.   

3. Grounding Features 

Earth rods are selected based on their ability to withstand corrosion, and as such, copperbond earth rods are selected 

for the earthing of the LPS. Earthing systems must also, have an electrical resistance less than 10 ohms. The 

earthing protection system chosen is a Type-A earthing protection system which consists of: 

 Vertical copperbond earth rods (length – 2400 mm, weight – 3 kg, 0.254 mm thickness. IEC/BS EN 

62561-2 & BS 7430 standards). It should have a steel core with electroplated nickel and copper plating. 

 Steel driving stud (0.08 kg). 

 Copper coupling (0.13 kg). 

 Solid Copper earth plates (600×600×3 mm). 

4. Stack of Metal Oxide Varistors 

These are shown in Figure 5 and handle 

the conduction of the lightning current 

through the lightning arrester to the 

ground. The stack of the metal oxide 

varistors in the designed lightning 

arrester consists of twelve (12) identical 

metal-oxide varistors; one lodged in 

between a pair of discs or columns. Each 

MOV (metal-oxide varistor, ZnO) has an 

outer diameter of      and an internal 

diameter of 12mm. The height of one 

MOV (Metal-Oxide Varistor) is 30.42 
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mm (see Calculations Section). Figure 5 shows the final arrester design as realized using SOLIDWORKS 

Premium software.  

5. Lightning Waveform 

Figure 6 represents the waveform of the first lightning stroke. It was simulated using ATPDraw using three 

shunt-connected ideal current sources of 10kA, 6kA and 4kA respectively. Type-15 surge function (double 

exponential source [7]) was used for the first lightning stroke while Type-13 ramp functions were used to simulate 

the second and third lightning strokes with magnitudes of 6kA and 4kA respectively; each having a duration of 

0.5ms. Figure 6 is the lightning surge voltage waveform used in the analysis. It has the following characteristics 

viz: 

 Front time,      0.05 ms (50  s). 

 Tail time,      0.148 ms (148  s). 

 Simulation Period = 0.6 ms.  

 

6. Characteristics of the Lightning Arrester 

For the simulation of the lightning arrester, MOV-Type 92 component is used. Crompton Greaves ZLA2007 surge 

arrester with Class 3 ZnO element i.e. the varistor possesses a hollow, is employed for the simulation on ATP. This 

arrester has the following characteristics shown in Table 2 below. Using these values, the VI characteristics of the 

chosen lightning arrester is plotted and is shown in Figure 7. 

Table 2: Characteristics of Crompton Greaves Zla2007 Lightning Arrester 

Maximum Continuous Operating Voltage 7.65 

Rated Voltage, kV (rms) 9 

Overall Height (mm) 470 

Residual Voltage at Specific  

Discharge Current 

1.5 kA 2.5 kA 5 kA 10 kA 

21.5 22.5 23.2 24.5 

 

Figure 7: Lightning arrester V - I characteristics. 

Figure 6: ATP Lightning 
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Figure 7 is the residual voltage curve of the chosen lightning arrester (Crompton Greaves ZLA2007). It represents 

the V-I characteristics of the lightning arrester and gives the conductivity or resistance of the arrester‟s varistor. It is 

not used in the simulation but only serves as representational and explanatory purposes. 

5. RESULTS 

The performance of the designed lightning arrester, using the obtained results, is evaluated using the 

Alternative Transients Program (ATP). For analysis, the effect of lightning strike on a power system, a 

132/11kV substation is modelled and simulated. Figure 8 shows the 132/11kV system in which the 11 kV is 

fed from the 132-kV system through a step-down transformer, T1.  

 
Figure 8: Scheme of the Power Network 

In this model, the line connecting the 132kV source to point 3 is “line 1” and it is around 50 km long and the length 

of its lateral branches is shown on Figure 8. The modelling of lighting flash was done by using three spikes of 

different values of magnitude. This includes first stoke duration of 0.7ms with about 10 kA lighting current while 

the second and third subsequent lighting strokes have durations of 0.5ms with 6 kA and 4 kA lighting current 

magnitude respectively.   

Having considered the different models needed for the simulation, the following cases are considered in the 

analysis: 

I. When lightning strikes at the 132/11 kV substation secondary side of transformer T1 on line 

1. This is the first lightning strike. 

II. When lightning strikes at a point on line 1, 30 km away from the first point i.e. 30 km away from 

the secondary side of T1. This is the second lightning strike. 

III. When lightning strikes at the end of the first phase transmission i.e. at point 3 which is 50 km from 

the secondary side of T1 or 9.5 km from Load 2 in the power network. 

Since only the parameters for the IEEE model were calculated for this project, only the IEEE model is simulated 

using ATP-Draw. The parameters of the IEEE model are summarized in Table 3. 
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The model given in Table 3 is used to obtain the response of the surge arrester to the lightning waveform using ATP 

as shown in Figure 9. A lightning waveform 8x20 s with 10 kA is applied at the input terminals of the IEEE model 

circuit of Figure 2a and a graph of the voltage response is obtained. This is done to ascertain the behavior of the 

IEEE surge arrester model under the influence lightning 

Table 3: Parameters of the IEEE Model 

Model R0 ( ) L0 ( H) R1 ( ) L1 ( H) C (pF) 

IEEE 3.71 7.42        2.41  0.56 2.696     

 

 

Figure 9: Response to lightning waveform 8x20 s - 10 kA. 

As shown in Figure 10, the object which the lightning strikes is a pole. The MOV blocks represent lightning 

arresters installed on the line. From Figure 10, we can see that two lightning arresters are installed on line 1 while 

one arrester is installed for each line connecting a load i.e. one arrester for the line to Load 1, Load 2 and Load 3.  

 
Figure 10: ATP-Draw Simulation for Case I. 
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Figure 11. Voltage vs. Time for the Three Cases for Load 1 (without arresters). 

Next, the voltage values obtained at the loads when arresters were installed and when they are not installed are 

compared. All graphs are plotted using the ATP-Draw software. Figure 11 shows the graph for the three cases for 

Load 1 without an arrester connected. It can be seen from Figure 11 that the maximum voltages at Load 1 for Case I, 

II, and III without lightning arresters are 32 kV, 25 kV and 20 kV respectively. Apparently, these values are very high 

because of the lightning and these voltages are very unhealthy for electric power system equipment as it exceeds 

insulation flashover levels. 

Taking the maximum positive values 

from the figure above, one can see that 

the voltage value for Load 1, for the 

first case is slightly greater than 30 kV, 

that of case 2 is around 25 kV, while 

that of case 3 is 20kV. The same 

process is repeated for cases 2 and 3.  

Having looked at the voltage values, 

without lightning arresters installed, it 

is important to discover the effect of 

the installation of the lightning 

arresters on the power system and how it affects supply to the loads. Figure 12 gives the effect of lightning arresters 

installation on the voltages at Load 1. From the graph, the maximum voltage for Case I, II and III are obtained as 11 

kV, 10 kV, 8.0 kV respectively. Clearly, these values are way much lower than those obtained when lightning 

arresters were not installed and closer to the actual value which is 11 kV. Apparently, the installation of lightning 

arresters greatly reduces the voltages at Load 1. Using the same techniques, the voltages at Load 2 with lightning 

arresters installed are 15 kV, 13.5 kV and 11.25 kV respectively while those at Load 3 are 5 kV, 3.2 kV and 0.5 kV 

 

Figure 12: Voltage Values at Load 1 with Lightning Arresters Installed. 
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Table 4: Voltage Values for Loads 1, 2, & 3 (For the Three Cases) Without Lightning Arresters 

CASE I (kV) II (kV) III (kV) 

Load 1 32.00 25.00 20.00 

Load 2 80.00 38.80 22.00 

Load 3 12.00 8.00 6.00 

    

Table 5: Voltage Values for Loads 1, 2, & 3 (for the Three Cases) With Lightning Arresters Installed. 

CASE I (kV) II (kV) III (kV) 

Load 1 11.00 10.00 8.00 

Load 2 15.00 13.50 11.25 

Load 3 5.00 3.20 0.50 

 

Comparing, the values in both tables, that is, the voltage values without the installation of arresters and the voltage 

value with arresters, one can infer that the installation of lightning arresters greatly reduces the voltages induced 

by the lightning on the loads therefore establishing the need for lightning protection. Considering Case III and 

Load 3, one can calculate the percentage reduction thus: 

                        =  
  0  

 
      

                         =              

6. DISCUSSION OF RESULTS 

The maximum voltage values at three different load points, i.e. Load 1, Load 2 and Load 3 were taken from graphs 

plotted by the same software under two conditions which were without the connection of lightning arresters on the 

line and with lightning arresters connected on the line. From the results obtained, it is evident that lightning strikes 

induce very high voltages on power lines as voltages as high as 80 kV were recorded when lightning arresters were 

not installed on the power lines. These results show how dangerous lightning is as the lightning-induced voltages 

are above insulation flashover levels for 11 kV equipment (11 kV/ 132 kV BIL- Basic Insulation Level). Three 

cases were studied, and results show that lightning-induced voltages are much higher at the start of a line that at its 

end. These voltages at the loads when there are no arresters installed on the lines are dangerous for distribution as 

they are capable of damaging household equipment. The results establish the need for lightning protection by 

employing lightning arresters. The installation of the lightning arresters greatly reduced the voltages at the loads. 

Clearly, this implies that lightning arresters are indispensable in power systems protection as they greatly reduce 

lightning-induced voltages in power systems.  
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It is evident that the operation of a power transmission or distribution network with no lightning protection, is very 

detrimental for system performance. Also, loads and system devices are exposed to unnecessary and very 

dangerous over voltages which may cause insulation flashovers and device failures. The installation of lightning 

arresters therefore is imperative as they help decrease the adverse effects resulting from the lightning strike on the 

line. 

7. CONCLUSIONS  

The primary consequence of the lightning is that it leads to overvoltages in a power system network which are 

harmful to both equipment and personnel. They can be greatly suppressed by lightning arresters. The designed 

lightning arrester performs optimally as it greatly reduces the lightning-induced voltages recorded at specific loads 

in a 132/11 kV power system network by about 92   as can be seen in Table 5. A direct proportionality 

relationship exists between the system line-to-line voltage and the voltage rating of the arrester, and as such 

lightning arrester ratings should be selected based on the particular voltage of the system to be protected. Also, the 

voltage induced by the lightning on the line, from the results obtained, decreases along the line i.e. the voltage is 

lower at the end of the line than at the start of the line. From the results obtained also, the IEEE model of the 

lightning arrester also proved to be efficient. It has also featured a comparison of the voltage levels for three 

different load cases under two system conditions – with and without lightning arresters installed, plus a statement of 

the best percentage reduction in load voltage, which is Case III (in Table 5), thus affirming the advantage the IEEE 

model offers over other lightning diverter models [2]. 
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