
 

REAL TIME TRANSFORMER OIL MONITORING 

PEOPLE'S DEMOCRATIC REPUBLIC OF ALGERIA 

Ministry of Higher Education and Scientific Research 

Hamma Lakhdar University 

 

Faculty of Science and Technology 

Department of Electrical Engineering 

 

 

 

 

 

 

 

 

 

 

THESIS 

 

Presented for obtaining the degree of ACADEMIC MASTER 

 

 

In: ELECTROTECHNIQUE 

 

Specialty: Electrical Networks 

 

By: SOLTANI Saadeddine 

        CHIHI Abdelrahmane 

 

Subject 

 
Publicly defended on 00/00/2021, in front of the jury composed of: 
 

Dr.Talal GUIA     Framer 

Dr.          Examiner 

Dr.     Examiner 

Dr.     Examiner 



 

 

 

 

 Saadeddine                                                                                                                             



 

 

 

 

 

        Abdelrahmen 



 

 



 

. 

ملخص



 

 

 

  



 

 

 

 

ملخص  

 

 

 

 

General information about power transformers  ...................................................... 3 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

Insulating mineral oils for transformers.................................................................. 14 



  

  

  

  

  

Breakdown of liquid dielectrics ................................................................................ 29 

  

  

  

  

  

  

  

  

  

  

  

Experimental techniques and results ....................................................................... 37 

  

  

  

  

  

  

  

  

  

  

  



  

  

Conclusion General.................................................................................................... 56 

Bibliographical references......................................................................................... 58 

FIGURE 1.1: OPERATING PRINCIPLE OF THE TRANSFORMER ...........................................................  

FIGURE 1.2:CROSS SECTION OF A POWER TRANSFORMER ..............................................................  

FIGURE 1.3:COLUMN TRANSFORMER (CORE TYPE)......................................................................  

FIGURE 1.4:ARMORED TRANSFORMER (SHELL TYPE) ...................................................................  

FIGURE 3: BREAKDOWN VOLTAGE AS A FUNCTION OF THE RELATIVE WAT ER CONTENT IN MINERAL OIL 

AND IN A SOLUTION COMPOSED OF MINERAL OIL WITH 20% LIQUID ESTER. ..............................  

FIGURE 4.1: TEST CIRCUIT AND DEVICES TABLE .........................................................................  

FIGURE 4.2:CONTROL PANEL.................................................................................................  

FIGURE 4.3:HIGH VOLTAGE TRANSFORMER ..............................................................................  

FIGURE 4.4:BREAKDOWN VOLTAGE MEASUREMENT ELECTRODES FOR INSULATING OILS ....................  

FIGURE 4.5:CYLINDRICAL GLASS CONTAINER ...........................................................................  

FIGURE 4.6:THE CHARACTERISTICS OF BORAK 22 INSULATING OIL ................................................  

FIGURE 4.7:EXPERIMENT RESULTS ......................................................................................... 



 

.

.

.

.

.



 

 

 

 

 



  Chapter I 

General information about 

power transformers 
 

 

 

 



 

 

 



 

 

 

 



 

 

 

 

 

 

,

 



 

 

 



 

 

 

 

 

 

 



 

 

 

 

 Thermal and electrical constraints 

 Poor mixing and circulation of the mass of the dielectric A hydration, 

condensation and deposits (a drop in temperature promotes moisture 



impregnation of paper / cardboard insulation) and the passage of dissolved water 

into free water). 

 Lower yield 

 Thermal and electrical constraints 

 Accelerated degradation of the dielectric fluid 

 Abnormal heating of the insulators (solid insulation) 

 Premature aging of cellulose components. 
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a. Permittivity 

ε

𝜀𝑟 =
𝑐𝑝

𝑐0
⁄ (II.1) 

.

b. Conductivity and dielectric loss factor 



𝛿

ε 𝛿

c. Dielectric strength 

 

a. Density and coefficient of volume expansion 

𝜌𝜃

𝜃

𝜌20 = 𝜌𝜃[1 + 𝛼𝑣(𝜃 − 20)](II.2) 

 

𝛼𝑣

𝜃

𝛼𝑣



𝛼𝑣∆𝜃 = ∆𝑣 𝑣⁄                        (II.3) 

𝜌01 𝜌02 𝜌01 > 𝜌02 )

𝛼𝑣 = (𝜌01 − 𝜌02 ) 𝜌02⁄ ∆𝜃(II.4) 

𝛼𝑣

b. Specific heat capacity at constant pressure 

𝑐𝑝 = (1684 − 3.39 𝜃)√𝜌15[J/Kg.K](II.5) 

𝜌15

c. Thermal conductivity 

 

𝜆 = 0,14𝑊/(𝑚. 𝐾)  

d. Viscosity 



e. Pour point 

 

a. Solubility of gases 

b. Water solubility 

c. Acidity and color 



d. Oxidation stability 

 

 

 

 

e. Thermal stability 

f. Electrical stability at partial discharges 

 



a. Flash point and fire point 

b. Auto-ignition temperature 

c. Combustion characteristics 

 



 

 

 

 

a. Volatile products 

 

𝐶𝑛𝐻2𝑛+2 +
3

2
𝑂2 → 𝐶𝑛𝐻2𝑛 𝑂2 + 𝐻2𝑂 

 

 



b. Products insoluble in insulating mineral oil 

c. Products soluble in insulating mineral oil 

d. Factor favoring gas formation 

❖ Partial discharges 



❖ The electric arc 

❖ The heat 

 

 General principle of regeneration 
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and results 

 

 

 

 

 



 

 

 test circuit and devices table 



 



 

 



 





 

Electrical properties 
Unit 
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New oil standard 
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Standard 
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value 

 

δ

Physical properties 
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 In case 20kv 
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After second breakdown 
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