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Abstract- Nowadays, in literature can be found many models of metal oxide surge arrester (MOSA) with the fundamental 
propose of be able to simulate their dynamic characteristic, differing the equivalent circuits of these proposed models in 
composition and parameters calculation, obtaining accurate results according to the criteria evaluated by their authors. It is 
well known that transient with fast form surges produce that the peak of the voltage wave occurs before the peak of the 
current wave and the residual voltage increases as the discharge current decreases. But the correct representation of the 
dynamic characteristic (frequency dependency) of the MOSA can’t be the only criteria of evaluation of a model. In the 
present paper it is evaluated the principal models found on the literature attending not only to the usual criteria described 
above but to other criteria like the apparition of numeric oscillation in the simulation results, the complexity in the models 
parameters calculation, the increase ratio of the crest of the wave, the energy absorption and the fitting of the wave form. 
To achieve this goal, it is compared the experimental results obtained from laboratory experiments of 3 different metal oxide 
surge arrester with the simulation results on the Alternative Transient Program (ATP) of 6 MOSA models, with wave forms 
8/20 µs and 2/6 µs, of 4, 6, 8 y 10 kA in both cases, attending to 7 evaluation criteria proposed.  
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I. INTRODUCTION 
 
The overvoltages are in general a transitory 
phenomenon, that play a harasser roll over the 
insulation of electrical systems. During transitory 
conditions the stress over the insulation is of great 
intensity and short duration (on contrary of what 
happen on normal operation, low intensity and long 
duration) [1]. This factor has a notable influence over 
the ageing and even cause the failure, and a 
consequent interruption of power supply and 
economic losses. The MOSA are equipment destined 
to the electrical system protection against external 
and internal overvoltages, limiting the applied voltage 
to the connected equipment to levels that doesn’t 
damage their insulation. In order to achieve that it 
behaves like a high resistance on normal operation 
and a very low resistance when an overvoltage 
occurs. Besides, it is characterized by a non-linear 
relation V-I and present a dynamic characteristic 
(frequency dependent) appreciable during the 
application of fast front surges. [2], [3] 
In literature can be found many models with the 
intention of simulate the previous characteristic, that 
differ in the circuital composition and in the 
methodology and complexity of the parameters 
calculation. The correct modeling of MOSA 
influence the results of insulation coordination studies 
and its placement in the power system.    
 
II. EVALUATED MOSA MODELS 
 
In the present paper a total of 6 of the MOSA models 
more frequently used are evaluated. Following are 
described their principal characteristics. 
A. Conventional Model  

The conventional model (figure 1) is represented only 
by a non-linear resistance [4]. It is widely used in the 
simulation of slow front surge. It can’t represent the 
dynamic characteristic of MOSA, always concurring 
in time the peak of current and the peak of voltage 
independently of the wave form. It is modeled on 
ATP software using the Type-92 non-linear 
resistance. 

 
Figure 1. The Conventional model 

 
A. IEEE Recommended Model 
Model proposed by the IEEE Working Group 3.4.11 
(figure 2). This model is composed by two non-linear 
resistances, A0 and A1, separated by an R-L filter 
denominated R1 and L1. For low front surges the 
impedance of the filter is very low and the two non-
linear sections of the model are essentially in parallel. 
But in the contrary, for fast front surges the 
impedance of the filter increase and the inductor L1 
make the current mostly flow for the non-linear 
resistance A0. Like A0 has a higher voltage 
characteristic for the same current of A1, the model 
generates a greater voltage, like the dynamic 
characteristics indicates.  
 
Other elements used in this model are the inductance 
L0 that is associated to the magnetic field in the 
immediate vicinity of the arrester, the resistor R0 is 
used to stabilize the numerical oscillation when the 
model is implemented for simulation and the 
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capacitance C represents the terminal-to-terminal 
capacitance of the arrester. 

 

 
Figure 2. Model proposed in [5] 

 
B. Pinceti et al Model 
This model derives from the IEEE W.G.3.4.11 model 
and it seeks simplify the parameters identification and 
calculation of the previous equivalent circuit. Figure 
3 shows the equivalent circuit representation.  
 
Comparing it whit the IEEE model can be notice the 
elimination of the condenser C because the authors 
consider that it has a little effect on the model 
behavior, R1 and R0 where replace by a terminal-to-
terminal resistance R1=1 MΩ to avoid possible 
numerical oscillations. 

 

 
Figure 3. Model proposed in [6] 

 
C. Magro et al Model 
The Magro et al model is essentially a variation of the 
calculation method of the Pinceti et al model (because 
of it the equivalent circuit is the same) and due to that 
the model derives from the IEEE W.G.3.4.11 model. 
The idea of this model is to solves two problems that 
were found on studies using Pinceti et al model: 
 
 The model lose accuracy for low-range 
medium voltage surge arresters: error may raise up to 
10% for MOSA in the range between 3 kV and 30 
kV. 
 The datasheets of several manufacturers 
doesn’t provide the data required to calculate the 
dynamic parameters. Very often, the manufacturer 
doesn’t declare the residual voltage for fast front 
surges (with a rise time between 0.5 µs and 1 µs). 
 

The flowchart of the calculation procedure proposed 
by the author is shown in the figure 4. 

 
Figure 4. Calculation method proposed in [7] 

 
D. Zadeh et al Model  
This model derives from IEEE W.G.3.4.1.1, 
neglecting the inductance contribution that in other 
models represented the electromagnetic field effect. It 
only considers L1 which has an important influence 
as a filter on the behavior of different front surge, 
increasing its value for fast front surge. The 
resistance R=1 MΩ is implemented to avoid 
numerical oscillation. The capacitance C represents 
the terminal-to-terminal capacitance of the arrester. 
The model representation is shown in figure 5. 

 
Figure 5. Model proposed in [8] 

 
E. Valsalal et al Model 
The Valsalal et al model is focused on the simulation 
of the arrester behavior in the present of very fast 
front surge like the ones that occurs in the gas 
insulated substation (GIS) during switching 
operation. The authors affirm that the equivalence 
capacitance of the arrester is fundamental in the 
behavior when there is a very fast front surge, and to 
be exact it must be calculated by finite-element 
method. The Valsalal et al model applies the same 
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criteria that Magro et al model for inductance 
calculation. The resistance R=1 MΩ seeks to avoid 
numerical oscillation. 

 
Figure 6. Model proposed in [9] 

 
III. MODELS IMPLEMENTATION 
 
Three different arresters were tested in the laboratory 
(table I) and were obtained the respective V-I 
characteristic curve for wave form 8/20 µs and 2/6 
µs, with current peaks of 4, 6, 8 and 10 kA. Two of 
them are shown in figure 7 and 8. 
 

TABLE I. Manufacturer Data of the Tested Arresters. [10] 

 
 

 
Figure 7- Current wave form 8/20 µs, 10 kA and voltage wave 

form experimentally obtained for arrester type II. 
 

 
Figure 8- Current wave form 2/6µ퐬 µs, 10 kA and voltage wave 

form experimentally obtained for arrester type I. 

The curves obtained in the laboratory are the 
references to apply the proposed criteria to evaluate 
the behavior of the MOSA models described in the 
previous section. 
 
The described models were implemented in ATP. For 
the modeling of the MOSA non-linear characteristic 
is used the Type-92 non-linear resistance. The models 
were used to simulate the MOSA behavior under the 
same wave forms that were experimentally obtained 
to ratify its accuracy for each one of them.  
 
IV. EVALUATION CRITERIA 
 
The models are evaluated using seven criteria. 
Following, it is presented a description of them and 
an explanation of how it is applied to the models. 
 
A. Visible Numerical Oscillations 
It is the residual voltage wave form fluctuation that 
appears in the simulation results. These oscillations 
are produced by the electrical circuit elements and the 
mathematical method used by the ATP software. 
They can bring as consequence problems in the 
model evaluation such as on voltage peak criteria, 
rising rate of the wave, energy absorption and wave 
form fitting. 
 
B. Complexity of Parameters Calculation  
A model, in order to be consider simple, two 
fundamental aspects are considered: 
 The parameters are obtained from the 
datasheet of the arrester manufacturer. 
 It doesn’t require iterative method or high 
complexity calculations to its adjustment. 
 
C. Dynamic Characteristic Representation  
The model simulation results must show that exists a 
difference between 8/20 µs y 2/6 µs response 
characteristics, in both of them the voltage peak must 
have occurred before the current peak and the 
residual voltage increases in proportion to the 
discharge current decreases (or at least show 
graphically a tendency to this phenomenon). 
 
D. Increase Ratio of the Crest of the Voltage 
Wave Form  
It is defined as the ratio between when the wave form 
reaches the 30% and the 90% of the voltage peak and 
the elapsed time in that interval, in kV/µs. For this 
paper propose is considered a good result a model 
with a relative error of less or equal to 5% in the crest 
increase ratio simulation. 
 
E. Curve Fitting  
To evaluate the voltages curves similarity (the one 
obtained from the laboratory test and the resultants of 
the simulation) it is used the R2 coefficient 
determination method. It allows to evaluate not only 
the residual voltage peak value, but also the whole 
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characteristic behavior. It is considered a good 
approximation if R2 ≥ 0,9. 
F. Residual Voltage Peak 
This is the most common criteria used for the models 
evaluation in the literature due to its determinant roll 
in the insulation coordination studies. For this paper 
is considered a good result a relative error of less or 
equal to 5%. 
 
G. Energy Absorption  
The arrester energy absorption can be calculated 
applying the trapeze rule as it is show in the 
following expression. 

E = u(t) ∙ i(t) ∙ dt 

 

E ≅ 0,5 ∙ h ∙ U ∙ i + U ∙ i  

 
Where:  
E: Arrester energy absorbed (kJ). 
u(t) e i(t): Instant voltage value (kV) and instant 
current value (kA) respectively. 
n: Number of voltage and current vectors points. 
h: Simulations steps 
uj e ij: Voltage and current values obtained through 
simulations or measurements.  
 
For this paper propose it is considered a good result a 
relative error of less or equal to 5% for the energy 
absorption obtained.   
 
IV. MODELS EVALUATION 
 
All simulations were made using Alternative 
Transient Program (ATP). For the simulation is used 
as starting signal, the discharge current wave form 
that was experimentally obtained. After that, it is 
compared the experimental voltage wave form with 
the simulation wave form resulting of each model, 
considering each proposed criteria. 
 
The results of the application of the previously 
described criteria are presented in table II, carrying 
on the same nomenclature of the previous section (A: 
Visible numerical oscillations, B: Complexity of 
parameters calculation, and so on). In the table the X 
symbol represents that the model doesn’t satisfy the 
respective criteria. For the criteria of residual voltage 
peak and energy absorption (columns F and G 
respectively) the behavior can be very different 
depending on the arrester tested. In the table, 2 kV 
represent Hitachi arrester (type I and II) and 4 kV 
represent Balestro (type III). 
 
 
 
 

TABLE II. Behavior of the Models According to the 
Proposed Criteria. 

 
Pinceti et al and Magro et al presents numerical 
oscillations but mainly for front surges of 2/6 µs. This 
behavior is visible in figure 9.  

 
Figure 9. Arrester type II models behavior for wave form 2/6 

µs 10 kA. 
 
About the complexity of parameters calculation, the 
methodology presented by Magro et al simplify 
greatly the calculations, being adopted by subsequent 
models like Valsalal et al. Obviously the conventional 
model is the easiest to implement. The IEEE model 
even when at first sight seems easy to implement 
sometimes is needed to make an iterative adjust of L1 
value in order to decrease the relative error of the 
residual voltage peak that’s why it is considered a 
complex model for this paper propose. 
 
Figure 10 shows how the conventional model is the 
only one who doesn’t represent the dynamic 
characteristic, because the current peak and the 
voltage peak occur in the same time.  

 
Figure 10. Arrester type III models behavior for wave form 2/6 

µs 10 kA. 
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The relative error in the wave front increasing ratio 
simulations is over 5% in every cases, the higher 
errors can be found in the models that present 
numerical oscillations (Pinceti et al y Magro et al). 
The IEEE model in general has the best behavior with 
errors that in most cases are less than 10%. The error 
in the crest representation is more representative for 
front surges of 2/6 µs than in 8/20 µs. 

 
Figure 11. Arrester type I models behavior for wave form 8/20 

µs 10 kA. 
 
For the voltage curve fitting for an 8/20 µs current 
impulse it is analyzed to a final time of 25 µs, which 
is the time for which begin a harsh fall in the tail 
representation of the wave of some models 
simulation. This phenomenon is also visible for an 
2/6 µs current impulse starting in 10 µs. All the 
arresters and models analyzed fulfil these criteria in 
the given interval, excepting the conventional model 
which in some cases shows lower values than the rest, 
been very close to 0,9 or even lower than this value. 
The models that had better performance are IEEE, 
Pinceti et al and Magro et al. 
 
In the arresters type I and II all the analyzed models 
satisfy the residual voltage peak evaluation criteria 
for 8/20 µs wave form from 4 kA to 10 kA because 
all the relative errors are less than the established 5%. 
However, for 2/6 µs wave form from 4 kA to 10kA 
the only model that fulfil the established 5% is the 
IEEE W.G.3.4.11 model. The other models present an 
error between 5 % and 10 %. 
 
In the arrester type III for 8/20 µs wave form the 
conventional model and Valsalal et al model fulfil the 
established 5% for all the analyzed currents peaks 
values. For 8 kA and 10 kA the other models fulfil 
the established 5%, however, at 6 kA and less, IEEE 
W.G.3.4.11 and Pinceti et al models don’t have 
satisfactory results. For     4 kA Magro et al and 
Zadeh et al models lost their exactitude. For 2/6 µs 
wave form the conventional model doesn’t fulfil with 
the established 5% for all the analyzed current peaks 
values. The other models fulfil these criteria for all 
the analyzed current peaks values, excepting the 

IEEE W.G.3.4.11 y Zadeh et al models, which ones 
loses their exactitude for 4 kA. 
 
The energy absorption study is limited to the same 
interval that the curve fitting analyse, according to the 
same previously described motives. For the 8/20 µs 
current impulse the arresters type I and II fulfil with 
the established 5% for the analyse current peaks 
values. However, for the arrester type III, excepting 
the conventional model which fulfil the established 
5% for all the analyzed currents, the other models are 
precise for    10 kA only. 
 
For 2/6 µs current impulse the arresters type I and II 
fulfil the established 5% for the analyzed currents 
wave forms. However, the arrester type III, excepting 
the conventional model and Valsalal et al model that 
fulfil the established 5% for all the analyzed currents, 
the other models are exact for 4 kA only. 
 
TABLE III. Arrester Type I Model Evaluation for 

8/20 µs, 4 kA Current Impulse. 
 

 
 

TABLE IV. Arrester Type II Model Evaluation 
for 2/6 µs, 8 kA Current Impulse. 

 

 
 

TABLE V. Arrester Type III Model Evaluation 
for 8/20 µs, 8 kA Current Impulse. 
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CONCLUSIONS 
 
In this paper have been evaluated 6 MOSA models 
found in literature comparing the simulation results 
obtained using ATP with the laboratory test of 3 
different kind of arrester for different wave forms. To 
achieve this, 7 evaluation criteria are proposed and 
analyzed. 
 
Spite of not been able to represent the dynamic 
characteristic the conventional model proof been very 
precise for low front surge, being able to be 
considered sufficient to related studies. The other 
models presented are able to represent the frequency 
dependence with some precision.  
 
However, it was found problems in the analyzed 
models related to the complexity in the models 
parameters calculation, residual voltage front surge 
increasing rate representation, the residual voltage 
peak value and the energy absorption calculation. 
Even when all the presented models have strong 
points, the most precise model overall, attending to 
the proposed criteria in this paper, is the Valsalal et al 
model. 
 
As conclusion, none of the presented models is able 
to satisfy all the proposed criteria, demonstrating that 
is necessary to keep working in modeling, aiming for 
a MOSA model more simple and precise. 
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