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Abstract- Power transformer is an electrical equipment that needs continuous monitoring and fast protection since it is very 
expensive and an essential element for a power system to perform effectively. The most common protection technique used is 
the percentage differential logic, which provides discrimination between different operating conditions and internal fault. 
Unfortunately, there are some operating conditions of power transformers that can affect the protection behavior and the 
power system stability. This study proposes the development of a new algorithm to improve the protection performance by 
using artificial neural networks, Clarke’s transform and fuzzy logic. An electrical power system was modelled using 
MATLAB software to obtain the operational conditions and fault situations needed to test the algorithm developed. 
 
Index Terms- Artificial Neural Network (ANN), Clarke’s Transform, differential protection schemes, Fuzzy System (FS) 
and Power Transformer.  
 
I. INTRODUCTION 
 
The power transformer is a piece of electrical 
equipment that needs continuous monitoring and fast 
protection since it is very expensive and an essential 
element for a power system to perform effectively. 
Power transformer internal faults may cause extensive 
damage and/or power system instability. Thus, 
different transformer protection schemes are used to 
avoid interruptions of the power supply and 
catastrophic losses. The most common protection 
technique is the percentage differential logic, which 
provides discrimination between an internal fault and 
an external fault or a normal operating condition.  
However, a simple detection of a differential current is 
not sufficient to distinguish internal faults from other 
situations that also produce such a current. Some of 
these situations appear during transformer 
energization (inrush currents), current transformer 
(CT) saturation, among others, which can result in an 
incorrect trip. The correct and fast discrimination of 
internal faults from the other situations mentioned is 
one of the challenges for modern protection of power 
transformers. Concerning the identification of 
internal faults as opposed to inrush currents, the 
approach traditionally used is the aforementioned 
differential logic together with harmonic restraint. In 
energizaton case the second harmonic component is 
larger than in a typical fault current. 
In the past studies new algorithms have been 
developed to differentiate between current due to 
internal fault and other situations such as 
energization, CT saturation, etc. for proper 
maintenance of power transformer. 
As mentioned before, a CT saturation can also cause 
relay misoperation. For improvement of power 
transformer protection various methods were 
developed for accurate and efficient discrimination of 

the situations described previously. Phadke and Thorp 
proposed an algorithm based on the flux-restraint 
principle to discriminate between internal faults and 
other operating conditions [1]. Yu et al. proposed an 
algorithm for correction of CT distorted secondary 
currents due to saturation using ANNs [2-3]. Shin et 
al. reported improved power transformer protection 
using fuzzy logic with flux-differential current and 
harmonic restraint [4]. Segatto and Coury proposed 
differential relay for power transformer using ANNs 
[5]. Barbosa et al. proposed power transformer 
differential protection using Clarke’s Transform and 
fuzzy systems [6]. Barbosa et al. proposed another 
approach for power transformer protection using 
ANNs, GA and Fuzzy system [7].  
This paper presents a combined method for CT 
saturation detection and differential protection of 
power transformers using ANN and fuzzy sets, 
respectively. In the proposed technique, the input 
variables of ANN are the flux from the secondary side 
CTs, connected for the differential protection and the 
input variables of the fuzzy-based relay are differential 
currents resulting from Clarke’s transform. The fuzzy 
system is designed to distinguish internal faults from 
other operating conditions of power transformer. Final 
trip signal is obtained after CT saturation check.  
In order to test the proposed algorithm, computing 
simulations were performed using MATLAB 
software. 
 
II. DIFFERENTIAL PROTECTION 
 
The diagram illustrating the differential logic used for 
the protection of large power transformers is shown in 
Fig. 1. The figure also shows the connection of CTs 
coupled to the primary and secondary branches. The 
turn ratio between the primary and the secondary 
windings is N1:N2 of the transformer, and 1: n1 and 
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1:n2 are the turn ratios between the branches and the 
CTs, to obtain N1n1=N2n2. Under normal conditions 
and external faults for a single-phase transformer, the 
currents i1S and i2S (secondary currents of CTs) are 
equal. However, in the case of internal faults, the 
difference between these currents becomes significant, 
causing the differential relay to trip [5]. 
 

 
Fig. 1. Differential scheme used for the protection of large power 

transformers 
 

The differential current 
 id = i1S – i2S                                                                      (1) 
gives a sensitive measure of the fault current. 
Considering the restraint current ir = (i1S +i2S)/2, the 
relay will operate when  
 id  ≥ K.ir                                                              (2) 
 
where K is the slope of the differential characteristic.  
As mentioned before, certain phenomena can cause a 
substantial differential current to flow when there is 
not any fault, and these false differential currents are 
generally sufficient to cause tripping. However, in 
these situations, the differential protection should not 
disconnect the system because an internal fault is not 
present. Magnetizing currents appear during 
transformer energization due to its core magnetization 
and saturation. The slope of the magnetization 
characteristic in the saturated area determines its 
magnitude. 
In modern transformers, large inrush currents can be 
reached. In transformer energization, as the secondary 
winding is opened, the differential current can reach 
sufficiently high values, causing a false relay 
operation. Some other phenomena that cause false 
differential currents are magnetizing inrush currents 
during an external fault removal, transformer over 
excitation, as well as CT saturation. 
When you submit your final version, after your paper 
has been accepted, prepare it in two-column format, 
including figures and tables.  

III. CT SATURATION 
 
CTs are employed to provide a reduction of the 
primary current as well as to supply galvanic 
insulation between the electric network and 
equipment connected to the CT secondary, including 
protective relays. Therefore, CTs are made to support 
fault currents and other phenomena for a few seconds, 
which can reach values of up to 50 times the 
magnitude of the load current. The current signals 
supplied on the secondary of a CT should be exact 
reproductions of the corresponding current signals on 
its primary. Although modern devices perform 
satisfactorily well in this condition for most cases, the 
protection design needs to take into account the 
possible errors eventually introduced by CTs, so that 
the relay performance in the presence of these errors 
can be enhanced. 
The CT performance under load current is not such a 
concern compared to the fault situation in which the 
relay should operate. When faults occur, the current 
values can reach high levels. They can also contain a 
significant dc component as well as the remnant flux 
in the CT core. All these factors can lead to the 
saturation of the current transformer core and can 
produce significant distortion in the secondary 
current. In this case, the secondary current of a CT 
cannot represent its primary current exactly. Thus, 
relays that depend on this current to make their 
decision can easily operate incorrectly during this 
period, affecting the reliability of the protection [5]. 
 
The possibility of CT saturation should then be 
carefully considered in a protection system design in 
terms of relay performance. Some methods are used to 
avoid it, but some of the solutions can affect the cost of 
such a piece of equipment. 
 
IV. PROPOSED METHOD 
 
A. Relay flowchart 
 
The proposed algorithm was implemented in 
MATLAB Simulink and it is illustrated in Fig. 2. In 
order to acquire the current signals from the 
transformer current measurement blocks are used and 
for flux measurement the multimeter is used. After 
acquiring the data, the current signals are processed 
using Clarke’s transform and the differential currents 
are calculated. These currents are the input of the 
fuzzy system. If the output of the fuzzy system is 
greater than threshold value of 0.5, the relay is ready 
to send trip signal to the CB. But another process for 
CT saturation correction is being processed in 
parallel. The final trip signal is send to the CB when 
the fuzzy output is greater than 0.5 and CT saturation 
is not present. 
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Fig.2. Basic relay algorithm 

 
Each block is described in the following section: 
B. Data acquisition 
For the proposed method, data of current input to 
transformer and flux of the current transformer 
connected to the secondary of power transformer for 
differential protection is required. Currents data is 
obtained from current measurement block and flux is 
obtained from multimeter. 
 
C. Pre-processing: Clarke’s transform 
After the data has been acquired, a preprocessing 
stage was executed, to obtain the uncoupled signals for 
the fuzzy system. It was obtained by applying Clarke’s 
Transform to the three-phase currents in the 
secondary winding current of the CT in both 
transformer ends. The equations are represented as 
 

 
Where       

 
ph is the phase of current reference and k is the sample 
number of the discrete signal. Clarke’s transform 
could be applied to both phasors as well as the 
instantaneous values. The main concept of using 
Clarke’s Transform is carried out in a 
pattern-recognition process to discriminate internal 
faults and energization. The differential α-β-γ 
components of the current are used. 

 

 

 
 
where Iα(k), Iβ(k), Iγ(k), iα(k), iβ(k) and iγ(k) are α-β-γ 
components of the primary and secondary currents 
from a transformer, respectively, and N is the number 
of signal samples in the observation window. 
The computed values of the differential α-β-γ 
components of the currents are approximately zero in 
the case of a normal operation, while the range of each 
differential current value fluctuates according to the 
specific situation. Therefore, the various phenomena 
of the transformer could be discriminated. 
With input of the differential α-β-γ components of the 
current, fuzzy system is used to determine the fault 
condition more accurately than conventional 
differential protection methods, which has predefined 
rules to discriminate between steady state and fault 
conditions. 

 
(a)                                                     (b) 

 
(c)                                                     (d) 

Fig. 3. Fuzzy membership functions. (a) Input fuzzy set Δα, (b) 
Input fuzzy set Δβ, (c) Input fuzzy set Δγ, (d) Output fuzzy set 

 
D. Design of fuzzy system 
The fuzzy system is used to deal with the input 
imprecisions without data loss during processing and 
to determine the fault condition accurately. Steps of 
fuzzy logic are: 
1) Fuzzification: The proposed relay uses three fuzzy 
inputs for the fuzzy system: 1) Δα; 2) Δβ and 3) Δγ. 
These are obtained from equations (5)-(7). Fig. 
3(a)-(c) shows the inputs membership functions. For 
fuzzification of a defined input variable from equation 
(5), a range is set between 0 to 250 and the 
membership value range from 0 to 1. The other input 
variables from equation (6) and (7) are in the range 
-120 to 120 and -200 to 200, respectively. Fig. 3(d) 



International Journal of Advances in Electronics and Computer Science, ISSN: 2393-2835 Volume-2, Issue-8, Aug.-2015 

Power Transformer Protection Using Ann, Fuzzy System And Clarke’s Transform 
 

85 

shows the output variable ranging from 0 to 1 for two 
membership functions that determine block or trip 
signals. 
2) Inference method: The proposed relay uses 15 rules 
to discriminate steady state with internal faults 
conditions. Mamdani method was chosen [8], in order 
to perform a mathematical operation. Table I shows 
the rules used in the proposed relay. 
 

TABLE I.  SUMMARY OF THE FUZZY RULES 

 
 

TABLE II. SPECIFICATION OF PROPOSED RELAY 

 
 
3) Defuzzification: The method needs a crisp value for 
control purposes. The technique applied a centroid in 
accordance with [9] 

            

 
Where  
yj  = value of each point on a domain of a final output 
fuzzy set 
µF(yj) = membership value at each point. 
E. CT Saturation detection using ANN 
ANN has been extensively used in the literature for 
pattern recognition. ANN’s design is inspired by the 
functioning of the human brain and components 
thereof. 
This module of the proposed algorithm presented in 
Fig. 2 is intended to detect the CT saturation 
condition. If this condition is true then the trip signal 
will be reset (obtained from fuzzy system), i.e. fault is 
not present. 

The ANN for the proposed relay has been trained 
using ‘nprtool’ i.e. Pattern Recognition Tool. It is a 
two-layer feed-forward network, with sigmoid hidden 
and output neurons (patternnet), can classify vectors 
arbitrarily well, given enough neurons in its hidden 
layer. 

 
Fig. 4. Neural Network Architecture 

Three kinds of samples are present: 
1) Training: These are presented to the network 
during training, and the network is adjusted according 
to its error. 
2) Validation: These are used to measure network 
generalization, and to halt training when 
generalization stops improving. 
3) Testing: These have no effect on training and so 
provide an independent measure of network 
performance during and after training. 
Fig. 4 shows the neural network architecture been 
developed for the relay. It has three inputs (fluxes for 
three CTs), 100 neurons in hidden layer and then the 
final output. 
 The default value of samples are divided as, 70% for 
training, 15% for validation and remaining 15% for 
testing. The neural network developed is able to 
differentiate between CT saturation due to external 
fault and CT saturation with internal ground faults.  
 
V. THE SIMULATED POWER SYSTEM 
 
The electrical system was simulated using MATLAB 
software. Fig. 5 shows the representation of the 
simulated power system in order to generate data for 
fuzzy 

 
Power
TransformerCT CT

Relay

Source Equivalent

Load

Yg

 Fig. 5. Line diagram of Power system considered system and 
ANN training and the overall testing process. 

 
It is a complete differential protection scheme for a 
power transformer. The electrical system is composed 
of a 138kV and 90MVA generator, a 138:13.8 kV and 
25 MVA three phase power transformer and a 10 
MVA load with 0.92 inductive power factor. 
 The power transformer has a delta connection in the 
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primary winding and a star connection in the 
secondary winding. In accordance with the winding 
CTs connected for protection are star in primary side 
and delta in secondary side. 
 
VI. RESULTS 
 
The main aim of this section is to present some results 
obtained from the proposed algorithm.  
 

 
(a) 

 
(b) 

 
(c) 

Fig. 6. Energization at zero crossing of unloaded transformer (a) 
Primary current (b) Secondary current (c) Final Trip 

 
Fig. 6 (a) shows the primary current when an unloaded 
transformer (secondary winding open) is energized at 
zero crossing, the secondary for the same is shown in 
Fig. 6 (b). Fig. 6 (c) shows no trip signal is obtained 
for this condition. 
When LG fault is present in phase A secondary of 
transformer, the primary current and secondary 
current are as in Fig. 7 (a) and (b), respectively. The 
trip signal is obtained in 0.0275 second as shown in 
Fig. 7 (c). 

 
(a) 

 
(b) 

 
(c) 

Fig. 7. LG fault in phase A on secondary of Transformer (a) 
Primary current (b) Secondary current (c) Final Trip 

 
The result next shown is of the situation when phase A 
CT is saturated by introducing decaying dc 
component. The trip signal is not obtained as shown in 
Fig. 8 (a), whereas then same saturation with a LG 
fault is present, a trip signal is observed at 0.0287 
second, as shown in Fig. 8 (b). 

 
(a) 

 
(b) 

Fig. 8. (a) Phase A CT saturation by addition of decaying dc 
component 

(b) Phase A CT saturation with Phase A LG fault 
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CONCLUSION 
 
The paper presents a new method for power 
transformer protection using ANN, Clarke’s 
transform and fuzzy logic. In the proposed algorithm 
the current signals were obtained from power 
transformer and its α-β-γ components to discriminate 
faults from other operating conditions. ANN is able to 
distinguish between CT saturation and other operating 
conditions. Advantages of the algorithm are, it do not 
use the harmonic components as the basis of the relay 
decision and its simplicity. 
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