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which ‘c’ is the velocity of the signal in the medium, 
Δt12,Δt13 andΔt14 are the time delays. The first and 
second subscripts in the parameter Δt denotes wave 
time differences of arrival with respect to the first hit 
sensor and the other respective sensors. The locations 
of sensors S1, S2, S3 and S4 are known and is shown by 
(x1,y1,z1), (x2,y2,z2), (x3,y3,z3) and (x4,y4,z4) 
respectively. The unknowns are (x,y,z) of the source 
location and‘t1’ the PD onset instant.  

3. PD Electromagnetic Signal Analysis 
The practical measurement and theory analysis 

show that PD signals have a very steep wave front 
[17]. A typical PD can be numerically simulated by 
Gauss function as follows [17]: 

2
0

0 2
( -  )

( )  exp[- ]
2

t t
i t I




                                            
(5) 

where I0 is amplitude, σ is characteristic waveform 
parameter and describes the pulse width at half 
maximum value (PWHM), the PWHM of PD pulse is 
equal to 2.36σ, and t0 is the initial time. PWHM has 
been proved that is closely correlated to the insulation 
intensity and geometric shape of PD gap. Generally, 
the smaller the defect geometry dimension is, the 
steeper the PD pulse wave front would be and PD 
current waveform parameter (σ) is also smaller, 
accordingly. Hence, the characteristic parameter σ of 
PD pulse current can help us to understand the PD 
state. The frequency components can be obtained by 
taking the Fourier transform from (5) [17]. 
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(6) 

where ω is angular frequency. We can consider PD 
pulse current as an infinite sine series. The radiated EM 
signal can be simulated by short dipole antenna. The 
length of short dipole antenna (݈) is corresponding to 
the geometry dimension ofinsulation defect. A time-
varying current in a radiating current element can be 
written as follows: 

( ) cos  I I j t 
                                                     

(7)     

The far radiating field's amplitude can be described in 
terms of the theory of antenna, as follows [17]: 

2 2

0  exp(- )
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(8) 

Also the power spectrum density of the radiating signal 
is written as (9) [17]: 

2 2 20( )  ( ) exp(-  )
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(9) 

From (9), we can deduce that the peak value of ܲ(߱)is 
at ω=1/σ. Namely, the spectrum of the radiating signal 
mainly distributes at ω =1/σ, is shown in Fig. 2. 
Therefore, PD pulse width can be estimate through 
spectrum analysis of PD electromagnetic signal. 

 
Fig. 2: the function of power spectrum density (normalized) 

4. Case Study 
The analysis of the electromagnetic field is based on 
the Maxwell equations. For this purpose, CST software 
utilized. This software is capable to solve transient 
electromagnetic field in both time and frequency 
domains using the finite integral technique. This 
technique breaks the solution space into small spaces 
with mesh grading and then solves it. It is known that 
detecting UWB signal is a practical method for power 
transformers monitoring, but due to the limitations of 
software and hardware, simulation of such a structure 
is not possible. So, the dimensions are multiplied by 
0.2.In this paper a transformer is simulated. The 
dimensions of this transformer are extracted from [18] 
and are shown in Table 1. To simplify the model, the 
number of layers is considered 5, the number of coils 3 
and the space between coils 15 mm. Fig. 3 
demonstrates schema of simulated transformer in CST 
software in different directions. 
 

Table 1: Transformer data which is used in simulation 
Phase number 1 
Core material Steel 

Tank body material Steel 
Core diameter 135 mm 
Tank height 750 mm 
Tank width 840 mm 
Tank length 350 mm 

Insulation width between H.V. and L.V. 1.5 mm 
Duct width between H.V. and L.V. 5 mm 

H.V. height 221 mm 
H.V outer diameter 239 mm 
H.V inner diameter 186.2 mm 
Space between coils 5 mm 

Insulation width between H.V. layers 0.3 mm 
Number of H.V. coils 8 

Number of H.V. layers 24 
L.V. height 285 mm 

L.V. outer diameter 156.2 mm 
L.V. inner diameter 138 mm 

Insulation material between L.V. layers Pressboard 
Insulation width between L.V. layers 0.5 mm 

Insulation material between L.V. and core Pressboard 
Insulation width between L.V. and core 1.5 mm 
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