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ABSTRACT 
 
This  paper  present  accurate  discrimination between  fault current  and  inrush  current  in a  power transformer. Inrush currents in power 
transformers are non sinusoidal, high magnitude currents generated due to flux saturation in the core during energization. This paper 
describes a    decision method for discrimination between faults and inrush currents in power transformers using    the wavelet transform.  It  
is  shown   that  the features  extracted  by the   wavelet    transform  have    a   more distinctive   property  than   those   extracted    by  the  
fast  Fourier  transform  due  to the  good  time  and frequency localization characteristics of  the wavelet transform.  As a result, by 
quantifying   the   extracted features,    the   decision   for   distinguishing a fault from   an   inrush current in different power transformer 
system can be   accurately   made.  Simulated result  show  the  proposed  technique  can  accurately discriminate  between  fault current  and  
inrush  current  in a  power Transformer protection. 
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INTRODUCTION 
 
Transformer protection is critical issue in power system and 
the issue lies in the accurate and rapid discrimination of inrush 
current from fault current. Transformers are essential and 
important elements of power systems. Due to their sizes and 
varieties, protection approaches of power transformers dier 
depending on the situation. For small distribution 
transformers of less than 2 MVA, high rupturing capacity fuse 
will suce. Others use over current relays. However, for the 
larger power transformers, dierential protection based on 
circulating current principle is usually adopted. The dierential 
protection converts the primary and secondary currents to a 
common base and compares them. The dierence between these 
currents is small during normal operating conditions. The 
dierence is also small for external faults, but is larger than the 
dierence for normal operating conditions. However, during an 
internal fault in a transformer, the di 
erence becomes signicant. The dierential protection is then 
based on matching the primary and secondary current of the 
transformer for ideal operation. When a transformer is 
switched o, its core generally retains some residual flux. Later, 
when the transformer is re-energized, the core is likely to 
saturate. If the transformer is saturated, the primary windings 
draw large magnetizing currents from the power system. 
These results in a large dierential current which cause the di 
erential protection relay to operate. 
This paper describes a    decision method for discrimination 
between faults and inrush currents in power transformers 
using the wavelet transform. 
 

 
1. Wavelets Transformers  

Wavelet   transform analyses signal at time and frequency 
simultaneously, because of its localized     characteristic     of     
time     and frequency and multi-resolution analysis, so wavelet 
transform is easy for  non-stationary signal. (Yang Long  and 
etal ,2011). Continuous wavelet transform is defined as  
 

WT(a, τ ) =
1

√a
 ∫ f(t)Ψ∗ (

t − τ 

a
) dt 

 
Ψ(t) is wavelet mother function ,a is  scaling factor, τ  is time 
shift  factor. Discrete wavelet transform is defined as 

WT(a0
j

, kτ0 ) = ∫ f(t)Ψ∗
a0

j
,kτ0 

(t)dt 

 
Here j, k is integral, we put a process into power series 
quantum, and τ is discrete, the continuous wavelet   transform 
become the discrete wavelet, namely 
 

Ψ 
a0

j
,kτ0

(t) = a0

−j

2  Ψ[a0
−j

t − kτ0] 

 
If a0= 2, τ0 = 1,   this is call as dyadic wavelet. Wavelet 
transforms are widely used to decompose signals into different 
frequency components to study each component with a 
resolution level that matches the scale of the particular 
component. The multi-resolution technique outperforms the 
Fourier transform in such a way that both time domain and 
frequency domain information can be preserved. Wavelet 
transform performs the optimized sampling. In contrast to the 
wavelet transform, the windowed Fourier transform over 
samples the signal under investigation, with respect to the 
Nyquist sampling criterion. Wavelets decompose and 
compress signals  with good basis systems to reach high 
efficiency or sparseness. Wavelet analysis provides a new way 
to look into the intermittent information. A transient signal is 
broken down into a series of local basis functions called 
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wavelets. Each wavelet is located at a different position on the 
time axis and is local in the sense that it decays to zero when 
sufficiently far from its center. Any particular local features of a 
signal can be identified from the scale and position of the 
wavelets in which it is decomposed. Wavelets are a powerful 
tool for presenting local features of a signal. When the size and 
shape of a wavelet are exactly the same as a section of the 
signal, the wavelet transform gives a maximum absolute value, 
a property, which can be used to detect transients in a signal. 
Thus the wavelet transform can be regarded as a procedure for 
comparing the similarity of the signal and the chosen wavelet. 
Although the waveform analyzed by the continuous wavelet 
transform is generally a discrete-time sequence, the 
continuous meaning of the CWT is that the scale and shift 
values can take on any value. But as the signal has a finite 
bandwidth and duration, then only a finite range of scales and 
shifts are meaningful. The CWT can operate at every scale from 
that of the original signal. Scales are to be chosen by trading off 
the need for detailed analysis with available computational 
power. The analysis is much more efficient and just as accurate 
by using the discrete wavelet transform, where the scales and 
shifts take on discrete values. The signal   f (t) can be 
represented by the DWT using the coefficients cjk, aj is the scale 
coefficient and dj is the wavelet coefficient (Yang Long  and etal 
,2011).  
 

f(t) = ∑ ∑ cj,k2
−j

2

j

Ψ(2−jt − k)

k

 

 

f(t) = ∑ ∑ djΨj,k(t) + ∑ ajΨj,k(t)

kjk

 

 
Low pass filter hk, gives its output known as the approximation 
or the scale. The filter equation relates the filter and the scale 
function, or in other words the wavelet. The multi-resolution 
system satisfies a scaling function, φjk(t) given by: hk is low-
pass decomposition filter; gk  is high-pass decomposition filter. 
High pass filter gk, gives its output known as the detail or the 
wavelet coefficient. This filter equation relates the filter and 
the wavelet function given by (Mallat ,199; Yang Long  and etal 
,2011).  
 
 
 

φ(t) = √2 ∑ hkφ(2t − k)

k

 

 

ψ(t) = √2 ∑ gkφ(2t − k)

k

 

 
 Simulation and Application 
A system with a generator, a three phase transformer and a 
load has been simulated. A  typical  750MVA,  27/420KV, 
Power transformer  is  connected  between  25KV  source  at 
sending  end  400  KV  transmission  line  three  phase 
connection  diagram  are  shown  in  Figure 1. Iad Ibd Icd refer to 
a,b,c three phase differential  current  through  CT  secondary  
side:  n1, n2 are  the  number  turn on  the  low  voltage  (LV)  
and  high voltage  on  (HV)  the  simulation  of  these  power 
transformer  is  carried  out  using  MATLAB  software which  is  
Shown  in  Figure 2. In  each  simulation  of  the system  
parameter  are  varied  including  the  fault  type fault  position  
,  fault  inception  angle  ,  remnant  flux  in power  transformer  
core.  and  also  the  effect  of  CT saturation is also studied 
(Nayeem  and et al, 2013). 

 
 

Fig.1. Simulated Power system model 

 
 

Fig.2. MATLAB model 
 
2. Proposed Protection Algorithm 

A Flowchart of the proposed algorithm is seen in Figure 4 [21]. 
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Fig. 4: A flowchart of the proposed algorithm 
 

1. TESTS AND RESULTS 
 

1.1. Case A) Transformer DD 
Experimental transformer no-load inrush current and load 
interterm fault cases, the two sets of waveforms, and a group of 
normal waveform. Since this article transformer experiment is 
the presence of harmonic components in the laboratory, during 
the test, so the experimental results from the waveform is not 
sinusoidal waveform, but presents the trend of a square wave. 
Transformer inrush current experimental waveform graph is 
showed in Figure 5 and scale average for Inrush current 
waveform is showed in Figure 6 and global wavelet spectrum 
and significance levels for Inrush current waveform is showed 
in Figure 7. Transformer Fault Current experimental waveform 
graph is showed in Figure 8 and scale average for Fault Current 
waveform is showed in Figure 9 and global wavelet spectrum 
and significance levels for Fault Current waveform is showed 
in Figure 10. 

 
 
Fig. 5: Inrush current waveform in Primary transformer 
DD for Phase A 
 

 
Fig. 6: Scale average for Inrush current waveform in 

Primary transformer DD for Phase A 
 

 

 
Fig. 7: Global wavelet spectrum and significance levels for 
Inrush current waveform in transformer DD 
 

 
Fig. 8: Fault Current waveform in Primary transformer DD 
for Phase A 
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Fig. 9: Scale average for Fault Current waveform in 
Primary transformer DD for Phase A 

 

 
Fig. 10: Global wavelet spectrum and significance levels for 
Fault Current waveform in transformer DD 
 
 

1.2. Case A) Transformer YD 
Experimental transformer no-load inrush current and load 
interterm fault cases, the two sets of waveforms, and a group of 
normal waveform. Since this article transformer experiment is 
the presence of harmonic components in the laboratory, during 
the test, so the experimental results from the waveform is not 
sinusoidal waveform, but presents the trend of a square wave. 
Transformer inrush current experimental waveform graph is 
showed in Figure 11 and scale average for Inrush current 
waveform is showed in Figure 12 and global wavelet spectrum 
and significance levels for Inrush current waveform is showed 
in Figure 13. Transformer Fault Current experimental 
waveform graph is showed in Figure 14 and scale average for 
Fault Current waveform is showed in Figure 15 and global 
wavelet spectrum and significance levels for Fault Current 
waveform is showed in Figure 16. 

 
Fig. 11: Inrush current waveform in Primary transformer 
YD for Phase A 

 

 
Fig. 12: Scale average for Inrush current waveform in 
Primary transformer YD for Phase A 

 
 

 
Fig. 13: Global wavelet spectrum and significance levels for 
Inrush current waveform in transformer YD 
 

 
Fig. 14: Fault Current waveform in Primary transformer 
YD for Phase A 
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Fig. 15: Scale average for Fault Current waveform in 
Primary transformer YD for Phase A 

 

 
Fig. 16: Global wavelet spectrum and significance levels for 
Fault Current waveform in transformer YD 
 

1.3. Case A) Transformer YY  
Experimental transformer no-load inrush current and load 
interterm fault cases, the two sets of waveforms, and a group of 
normal waveform. Since this article transformer experiment is 
the presence of harmonic components in the laboratory, during 
the test, so the experimental results from the waveform is not 
sinusoidal waveform, but presents the trend of a square wave. 
Transformer inrush current experimental waveform graph is 
showed in Figure 17 and scale average for Inrush current 
waveform is showed in Figure 18 and global wavelet spectrum 
and significance levels for Inrush current waveform is showed 
in Figure 19. Transformer Fault Current experimental 
waveform graph is showed in Figure 20 and scale average for 
Fault Current waveform is showed in Figure 21 and global 
wavelet spectrum and significance levels for Fault Current 
waveform is showed in Figure 22. 

 
Fig. 17: Inrush current waveform in Primary transformer 
YY for Phase A 
 

 
Fig. 18: Scale average for Inrush current waveform in 
Primary transformer YY for Phase A 
 

 

 
Fig. 19: Global wavelet spectrum and significance levels for 
Inrush current waveform in transformer YY 
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Fig. 20: Fault Current waveform in Primary transformer 
YY for Phase A 
 

 
Fig. 21: Scale average for Fault Current waveform in 
Primary transformer YY for Phase A 

 

 
Fig. 22: Global wavelet spectrum and significance levels for 
Fault Current waveform in transformer YY 
 
Based on proposed analysis In transformer with DD, YY, YD 
connections, fault current is zero at whole range of sampling 
and inrush current is fluctuated in Scale average plot; Also In 
transformer with DD, YY, YD connections, amplitude of fault 
current is between 0-0.4 in Global wavelet spectrum plot and is 
between 0-0.02 in significance levels plot, whereas, , amplitude 
of inrush current is less than fault current 
 

 

2. CONCLUSIONS 
Transformer inrush current and fault    current    ratio   is   
obvious difference in coefficients which can be used to 
distinguish the characteristics   of magnetizing inrush current. 
Wavelet   transform  prominently reflects the distortion 
characteristics of magnetizing  inrush  current,  which  showed  
mutations   in  the  factor  is  very  large.  The fault current in 
the mutation also affected by the existence of large abnormal 
features, but the internal short circuit occurs, the   current   
waveform   gentle,   almost no mutations. The inrush current 
waveforms show a downward trend over time, while the size 
of fault current remains same, and dispappear with the fault   is 
removed or the failure is eliminated. 
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