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Abstract- Power system widely uses the Gas Insulated Substation and it has been experienced that fast  switching operations  
generates  Very Fast Transients Overvoltage’s which have a very short rise time of 50ns and is usually accompanied by high 
frequency oscillation. In this paper the hybrid modeling of a power transformer, which is based on travelling wave theory, is 
being explained Further this paper deals with the modeling and simulation of a Power  transformer, having a disk type 
winding. Simulation work is done in MATLAB to find inter-turn and inter-disk voltages.  In the modeling of transformer the 
frequency dependent losses are also taken into account because their effect become more prominent at higher frequency 
ranges. 
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I. INTRODUCTION 
 
Power transformers are subjected to overvoltage’s 
having the frequency in range of few Hz to hundred 
of MHz. And it has been found in several 
transformers that insulation failures have occurred 
due to these high frequency over voltages.  
 
Main reason for generation of very fast transient 
overvoltage is fast switching operations of circuit 
breaker and switching devices in Gas Insulated 
Substation (GIS) These kinds of sudden  insulation  
failures is increasing day by day, though the failed 
transformers had previously passed all the standard 
tests and complied with all quality requirements. 
Such a kind of failures occur both in transmission as 
well as distribution level. At the low frequency level 
less than 5 MHz we can use the existing lumped 
model of transformer because at low frequency level 
the capacitive effect existing in transformer winding 
do not come into play. Also at low frequency level 
the skin effect and proximity effect do not play a 
major role. But as we go in higher frequency range 
these effects become more and more prominent and 
thus cannot be ignored. So determination of how the 
transformer winding and insulation behaves on an 
arrival of very fast fronts is a challenging task for all 
the researchers. And an accurate modeling is required 
for studying transient behavior of transformer  
  
Basically models of a transformer are divided into 
two categories on the basis of frequency range in 
which they operate:  
    A Low frequency model (50 Hz<f<500Hz)   
    B  High frequency model (500 Hz<50 MHz)  
In this study high frequency modeling is taken into 
account. Earlier the scientist proposed the Single 
Transmission line (STL) model for high frequency 
modeling but it had a limitation that it can be 
extended only up to few hundred KHz [2].  

Later the Multi-Conductor Transmission line (MTL) 
model was proposed which is almost same as that of 
STL model but only with a difference that analysis is 
carried out in an inter-turn basis rather than in an 
inter-disk basis as was done in STL model. But the 
MTL model had a drawback that it takes large time 
for simulation. Finally hybrid model was proposed 
which is a combination of both STL and MTL model. 
So the hybrid modeling is used in this paper to study 
the behavior of transformer windings on an arrival of 
very fast transient overvoltage.   
 
In this paper the frequency dependent loss  (skin) are 
also taken into account because at low frequency skin 
effect  do not play major role but they do pose  
prominent effect at high frequency. Also at a high 
frequency range the wavelength of incoming wave 
matches with the physical length of winding and thus 
the winding is prone to severely high resonances 
raising voltage per unit value as high as 2.5 per unit 
.Also due to difference in winding capacitances 
internal reflections in the winding take place at the 
junction between the two disks .So a method is 
proposed for avoiding the Inter –disk reflections. 
Analysis is carried out for a 525/420kV 900 MVA 
transformer and the MATLAB simulated results are 
being shown and being compared with experimental 
results.  
 
II. HYBRID TRANSFORMER MODELING  
  
Hybrid transformer winding is the combination of 
both STL model and MTL model. The main 
advantages for adopting the hybrid modeling are  
       1. It takes less time as compared to MTL model  
       2. Its accuracy is more than that of a STL model.  
 
The basic steps for implementing the hybrid 
modeling are as stated below:            
A.   Develop Single transmission Line model (STL)  
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Firstly, whole transformer winding is simulated as a 
transmission line by considering each disk as single 
transmission line as shown in figure 1.   
  
Boundary Condition:  
Modified telegraphers equation s is being used in this 
work [1] and the terminal condition taken is stated as 
below. The first disk voltage is same as applied 
voltage and the voltage at an end of each disk is same 
as voltage at the start of next disk as shown in the 
fig.1. 
 

 
Fig.1 Single transmission line model 

  
Mathematical Equation:  
Following travelling waves equations are being 
used[2] 

 
Solving  1 and 2 we get the  solution for  disk voltage 
and disk current as 

 

 
 

 

 
 

 
 
B.Multi conductor transmission line model (MTL) 
From the STL model and making use of the equation 
(3) and equation (4) the voltage at the starting and 
end of each disk is available and also current through 
each disk is available. Now taking the starting and 
ending voltage of each disk as a terminal voltage, the 
voltage at terminals of each turn in figure 2 is 
determined using the equation 

 
 
Where,  

 
 

 
Fig2: Multiconductor transmission Line model 

  
Constant Ai and Bi are calculated in the same way as 
they are calculated for STL model by making use of 
terminal conditions. In equation 6 the second term 
and third term shows the dessipation loss factor and 
the loss due to skin and proximity effects 
respectively.The effects of these parameters will be 
shown the simulation results given furthur in the 
paper. 
 
Test Transformer Details  
Details for the 900 MVA,525/400 Kv transformer are 
taken as shown in the figure An sinusoidal  voltage 
wave is given into a matlab programme and results 
are being analysed in a frequency domain. 
 

 
Table 1: Details of test transformer taken 
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MATLAB Simulation Results:  
  
Analysis is done in the MATLAB and the frequency 
domain results are being shown as below; In fig 3(a), 
3(b),3(c) voltage along the high voltage winding is 
shown .It  is clear  from the figs.  3(a),(b),(c)  that the 
voltage along the disk decreases as we go deep 
lengthwise.  
 

 
 

 
Fig 3(b): High Voltage Winding voltage along the length at 5 

MHZ 
 

 
Fig 3(c): High Voltage Winding voltage along the length at 20 

MHZ 
 

On comparing the results of fig 3(a),3(b),3(c) ,it can 
be inferred that  as the operating frequency is increase 
the oscillation in the system is increased ,so the 
oscillation at 20 MHz in the winding is maximum.  
 
Skin effect And Proximity effect In fig 4(a), 4(b) the 
effect of frequency dependent losses is taken into 

account and difference is shown. In fig 4(a) the peak 
value of voltage is more as compared to fig 4(b) 
because of the fact that in fig 4(b) the skin effect is 
not taken into account. The effect of these losses 
become more as we go in higher frequency range. 
 

 
 

 
 
Figure 5 shows the variation of disk 1 voltage at 
different frequencies .It can be noticed that as the 
frequency is increased the voltage variation increases 
and there are more irregularities in voltage. Also 
there is a sudden rise in the voltage at some voltage 
due to the resonance  
 

 
 

Fig (6) shows the variation in voltage of disk 1 and 
disk 5 with the frequency. It is observed that variation 
in the disk 1 with frequency is more than that of disk 
5 because the effect of incoming surge is felt more by 
disk 1 than  disk 5.   
 

 
Fig 6: Disk 1 and Disk 5 Voltage (p.u) with   respect   to 

frequency 
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CONCLUSION 
 
Model described above can be applied to disk type 
transformer but the effort is being made to modify 
hybrid model, so as to make it applicable to all type 
of transformers having any kind of winding. Also the 
test needs  to be performed with standard  Very fast 
transient over voltage(VFTO) and effort is going on 
to study generation and get generalized waveform of 
VFTO so that simulation can be done in an actual 
practical environment. 
 
The research is going on to avoid the inter disk 
reflection by making use of transmission line theory 
and matching the input and output impedances at 
each junction in the disk..  
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