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Abstract:  In this article, fuzzy logic has been applied for the purpose which detect the complete Loss of Excitation (LOE) in a 

synchronous generator. The primary protection in synchronous generator is the Loss of Excitation (LOE) protection. Loss of 

Excitation fault causes damage to the generator as well as affects the Power System. Under the fault condition synchronous 

generator behaves like an Induction Generator and starts absorbing reactive power from grid. The approach has been modelled 

using MATLAB/Simulink. 
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• Introduction 

One fundamental part of the electricity system is the generator. The generator is connected to the prime mover, DC 

excitation system and power grid, its protection is more intricate than that of other power system components. The DC 

excitation provides and maintains the synchronous speed at which the synchronous generator runs. DC, AC, and static 

excitation are the three different types of excitation systems. When there is unreliability in the excitation system, the 

system experiences the LOE phenomena. Poor brush contact, field excitation loss, inadvertent field circuit breaker 

tripping, short circuit of the field winding, field breaker latch failure, and failure of the alternating current supply to the 
excitation system [2]. 

 

The decrement of current provided by excitation system either partially or suddenly is defined as the loss of 

excitation. Neural network-based techniques and machine learning have also been applied. The synchronous generator's 

internal voltage can be utilized to identify LOE. To differentiate LOE from steady power swing condition, one can use 

the voltage index and reactive power index. Artificial intelligence has been used in real-world applications to identify 

and fix generator problems. When there are flexible AC transmission devices present, a classifier based on the radial 

basis function is employed to identify faults. The main disadvantage of the aforementioned systems is their need for big 

datasets; modern AI and ML-based techniques do not have this requirement, which is a major advantage of fuzzy 
interference systems. 

 

 

• Excitation Loss in Synchronous Generator 

A synchronous generator is a synchronous machine which converts mechanical power into AC electrical power 

through the process of electromagnetic induction. Synchronous generators are also referred to as alternators or AC 

generators. A synchronous generator can be either single phase or three phase. An alternator consists of two main 

parts:- stator and rotor. The stator is the stationary part of alternator. It consists the armature winding in which the 
voltage is generated. The rotor is the rotating part of the alternator. The rotor produces the main field flux.  

The equation of active power of the alternator is given below, 
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𝑃 =
𝐸𝑉

𝑋
𝑠𝑖𝑛δ 

 

Where, P is active power of the alternator, E is sending end voltage of alternator, V is terminal voltage of alternator, 
X is transmission line reactance and δ is the phase angle between sending end voltage and terminal voltage of alternator 

 

Loss of Excitation fault occurs when the rotor winding is either open circuited or short circuited. This causes the 
synchronous generator to work as an induction generator.    

 

• Fuzzy Logic 

This approach uses fuzzy logic to analyse the system and identify faults related to loss of excitation, stable power 

swing, and partial loss of excitation. The method of processing variables called fuzzy logic allows for processing of 

several potential truth table values using a single variable. Fuzzy logic makes use of incomplete data to attempt to solve 

problems. It made use of IF THEN methodology-based rules. The synchronous generator can function normally for a 

while as well as malfunctioning for a while. To prevent the system from failing completely, the fault must be found as 
soon as possible. 

 

Fuzzy logic was first proposed by Lotfi Zadeh in a 1965 paper for the journal Information and Control. In essence, it 

is an extension of Boolean logic that allows for uncertainty. The use of fuzzy logic-based techniques has grown 

significantly in the last few years.  

Mamdani and Sugeno interference systems are the two categories of fuzzy logic systems. To detect LOE in this 

scheme, we have employed the Mamdani fuzzy system. Therefore, the machine's loss of excitation is correctly detected 

by the fuzzy logic that was designed [5]. 

 

 

 

 
 

Fig.1 Fuzzy Logic Architecture 

 

 

• SIMULATION MODEL 

 

 
Fig.2 Simulink Model used for detection of LOE 
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Fig.3 Torque input to Fuzzy Logic Controller 

 
Fig.4 dw input to Fuzzy Logic Controller 
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Fig.5 Fuzzy Inference for Output 

 

• RESULTS AND DISCUSSION 

 

 

 

 
Fig.6 Field Excitation Voltage 
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Fig.7 Electromagnetic Torque output for LOE condition 

 

 

 

 
Fig.8 Rotor Speed Deviation output for LOE condition 
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Fig,9 Field Current output for LOE condition 

 

 

 

 
 

Fig.10 Output Waveforms 
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Fig.11 Fuzzy Logic Controller Ruleviewer 

 

 

• CONCLUSION 
 

Fuzzy logic is used in this method to assess the system and find flaws associated with loss of excitation, steady power 

swing, and partial loss of excitation. Fuzzy logic is a variable processing technique that enables the processing of 

several possible truth values with a single variable. Fuzzy logic attempts to answer issues by utilizing partial facts. It 

used rules based on the IF THEN technique. The proposed model not only detects Loss of Excitation accurately, but 

also detects very quickly within the span of 5-8 microseconds.  

 . 
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