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٢٦٣ א אא 
 אא אא 

 
 

-١٤ - 

אאW 
 

אאW 
אאW 

אאאאK 
 

אאאW 
 

אאW١٨ 
 

אאW 
אאאאK 

 
אאW 

אאאאאK 



٢٦٣ א אא 
 אא אא 
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אאWאאMaintenance of Substations 
 

  ، א ،  ، א א     א א 
אאאאאאאאK 

 

٢ J١WאאWFunction of Substations 

אאאאאW 

١K ،אאאאאאאא
אאאK 

٢K אאFSwitching devicesKE 

٣K אאאאFProtection devicesE 

٤K אאאFVoltage regulationKE 

אאאאאW 

• אStep-up or step-down transformers 

• א،Circuit breakers & relays 

• אVoltage and current transformers 

• Bus-Bars 

• אאSwitching equipment & insulators 
 

٢ J٢WאאאTypes of Substations 

אאW 

١K אאאTransmission  substationK 

٢K אאDistribution substationK 
 



٢٦٣ א אא 
 אא אא 
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• אאא Jאא–
אאאא،אא

אאאאאאא
אאאKF٢ J١E

אK 

• אאאאא
אאאאא

،אאא،אא
אאאאאא

אK 
 

٢ J٣WאאאאSteps of maintenance for substations 

אאאאW 

• אאאאK 

• אאK 

• אאK 
 

٢ J٣ J١Wאאאא 

  א   ،  ،  ،  א א אא א
אא،אאאאאא

אאא،אאאאאא
אאK 

 

  א א א    א    
אאאאאK 



٢٦٣ א אא 
 אא אא 

 
 

- ١٧ -  

 
F٢ J١E– 

٢ J٣ J٢Wאא 

 אאאאאאאא 
،אאא
אא אאא אא  ،א אא 

אאאK 
 
٢ J٣ J٣Wאא 

 אאאאאאאא
א אא אא،א  א

אאאK 
 

 א   א א  אא on field tests  
אW 

• אאאאאK 



٢٦٣ א אא 
 אא אא 
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• אאאאאK 

• אאאאאאK 

• אאאK 
 

אא    אאא    א אא 
W 

١K אאAcceptance tests Wאא אא
אאאאאא

٨٠٪אאאאK 

٢K אאאאRoutine maintenance testsWאאא
אאאא،אאאא

٦٠א٪אא،אאא
אאאאאK 

 
٢ J٤WאW 

 אאאאא
אאא

אאאאא،אאW 
 

–אאWאאאאאאאאא
אאאאא،

אאאא
אאאאKאאאא(Circuit Breaker 

Blocking)אאאאא
K 



٢٦٣ א אא 
 אא אא 
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 Jאאאאא
אאאא

אאאאאאKא
אאא

אאKאאK 
 

–אאאאאא
אאאאא

א،אאאאא
אאאאאאא

K 
 

٢ J٥WאאאW 

אאאאW 

• אאאאאא
אWא،אא،،

،אK 

• אאאאאא
אאWאא،،

אאK 

• אאאאאאאא
K 

• אאאאאאאא
אK 



٢٦٣ א אא 
 אא אא 
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אאאא
א،אאאאK 

 
٢ J٦WאאW 

Maintenance of Electric Power Transformers 
 

 אW،א،א،אא
אאא،אאא

אאאKאא
אW 

• אאWאאאK 

• אאאWאאאאK 
 

٢ J٦ J١Wאא 
Maintenance of  Dry-type Power Transformers 

 

١– א Wאאאאאא
 א   accessibility א ،ventilationא א א ،

atmospheric conditionsKאאאא
אאאK

אאאאא
אאK 

   א א   א     א 
א،אאאא

אא،
אא א   א א אאא    א

א ، א א  א א    
א،F٢ J٢EאאאאK 



٢٦٣ א אא 
 אא אא 
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F٢ J٢E–אאK 
 

٢–  א W   א    
אאאאא،

א אא אא א א א 
 אא، אאאאא، ، א אא

אאאK 

 אאאא،א
 אא א א אא  אאא 

אאא،א(Tr. Case)
KF٢א J٣EאאאאאאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٢٢ -  

 
 

אאאאאאאאאא 

F٢ J٣E–אאאK 
 

٣– אאאWאאאאא
אW 

  J א א  Wא א א        
אאאא،אאאא

אאאאאKאא
 א ٢٠◦    ١٠٠٠ א  א א  א 

 א    א  א א    א 
א،F٢ J٤Eאאאא 

 
F٢ J٤E–אאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٢٣ -  

 JאאWאאא
אאאאאא،אאא٥}٠٪א

 אK    א  א  א  
  א  אTransformer Turns Ratio tester  (TTR) K

F٢ J٥E אאאאאאK 
 

 
F٢ J٥E–אאאK 

 

٤–אאאWאאאא
، א א א 

אאא
 אא

א אא א אא    ،  אא אא  א
אאאאאK 

אאאאאא
אאאאאאאאאאאאא

א،אאא،tap 



٢٦٣ א אא 
 אא אא 
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changersKאאא
 אא א א  א   אא   

אאK 

אאאאאא
،אאאאאאאאא

אאאאאאאא
אאאאאאאאK 

אאאאאאאאW 

•  א א א  א   א  W  א א
אאאאאK 

•   א  א W  א א     
אאאK 

•   א א  א א א     א
אאאאאאאK 

•    א  א    א    
אא٣K٪ 

 

٥–   א Wא  א א  אא 
   א א    א   ،

אאW 

•  א אא א א W    א  א 
،א،אאאאאK 

• אאאאאאWאאאא
 א אא א K אא אא 

אאאא (short circuited)



٢٦٣ א אא 
 אא אא 

 
 

- ٢٥ -  

אאאאא
אא١٠٠אאאאאK 

• אאאאאאאWא
אאאאאא

אK 
 

٦–  אאWאא
،אא،אא

אאאא
אK 

 

٢ J٦ J٢Wאאא 
Maintenance of  Oil-filled Power Transformers 

١–אWאאאאאא
אWאventilation،אאאא

  ، א      א א  א א  
אאKאא

 ،  אא   אא א   א א א
אאאאא 

 
F٢ J٦E–אאאאאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٢٦ -  

٢–  א W  א     
אאאאא،

     א א   א א א אא 
אאא،אאאאא،א،אאא

،אאאא
אאאאא٦٥٪،

אאאאאאא
אאא  ، א (Tr. case)

Kא 
 

 
 

 
 

F٢ J٧E–אאאאK 



٢٦٣ א אא 
 אא אא 
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٣– אאאWאאאאא
אW 

 JאאWאאאא
אאא، אא  א א

אאאאאKאא
א٢٠◦١٠٠٠אאאאאא

אאאא
אאאK 

 
 

F٢ J٨E–אאK 
 

 JאאWאאא
אאאא،אאאא٥}٠א٪א

 ، א אא א  א       
א(tap changing points)K 

 JאאWאאאא
אאאאאאאא،א

אאאאא
אאאאK 



٢٦٣ א אא 
 אא אא 
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F٢ J٩E–אאאK 

 

٤–אאאWאאאאאאא
אא،אא

אא،אא
אאאאאאאאאא

אאאאאK 

אאאאאא 
אאאאא،א

אא،אא
 א א א א  א   אא  

אאאא،
  אא  ، א א    אא א 

אאאאאאאאK 
• אאאאא

 אא  אInfra-red Scanא  א א   



٢٦٣ א אא 
 אא אא 
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אאאאHeat Spotsאא،
אאArcing،אא

אאאאאאאא
אK 

• א  אא  אא
  W א אא  א،א אא א ، 

אאאאאא،אא
אאאאאא
אאאאאאא

אאאאאאאאא
אאאאאאאאאאK 

אאאאאאאאאאא 

אאא אאא 

• א 
• א 
• א 
• אא 
• א 
• אא 
• א 
• א 
• אא 
• א 
• אאאאא 
• אא 
• אאא 

אא 
אא 
אא 
אא 

 
 

 
 
 
 

 
 

א 
 



٢٦٣ א אא 
 אא אא 
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אא 

• אא 

• א 

• א 

• אא 

• אא 

 
 

 
 
 

  
  

אאאא 
• א 

• אאא 

• אא 

•  א א  אF–

E 

• אאא 

• אאא 

 
 
 

א 
 

א 
 

 
٥–   א  Wא  א א  אא 

א א א א      א، א א 
אאאW 

• אא א אW  א   א א א  
 א    א  א א F100 – 120 C° E

       א   א  א 
אאאאK 



٢٦٣ א אא 
 אא אא 
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• אא  א אא א אW     א  
 (short circuited)א א   א    

אאאא
אא א  א  Kא 

אאאא
،אאאאא

אאא90 – 100 C°א0.5א
(torr)אא50 C°אאא،א

אא،א
אאאK 

٦–אאאWאא
   א  א ، אא

אאאאK 
 

٢ J٧WאאאMaintenance of Electric Circuit Breakers 

 א אאאא א אא א C.B ،
אא disconnect switchesאא،fusesא

אאאאאאאא،אא
אאאאאאא

אאKאאאאאאW 

• אאאאאFאאאEAir-magnetic circuit breakers 

• אאאאFאאE Oil circuit breakers 

• אאאאאFאאאEVacuum circuit breakers 

• אFאSF6E       SF6 circuit breakers 



٢٦٣ א אא 
 אא אא 
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٢ J٧ J١WאאאאאW 
 א   אא אאא   א א א אא 

W 

 JאאW 

١K אא
אאאK 

٢K  אא  א
אאK 

٣K אאאאא
אאאאאא

K 

٤K       א   א  א   א
א،אאאאאא

אK 
 

 Jא 
١K אאK 

٢K אאאאאאאK 

٣K אאאאK 

٤K  אאא 
אאאאא

אאאאאאK 

٥K א א א  א א  אא א  א  
אאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٣٣ -  

٢ J٧ J٢Wאאאאא 
 א אא א   אא א א 

     א א א   ، א  
،אאאאאאאאאאW 

• אK 

• אאK 

• אאאאK 

• אאאאK 

• אאK 

אאאא
   ، א    א   א א 
 א א א F، א אא ، א א א ، א

אאאE،אאאFאא،א،אKE 
אאאאאאאאאW 

 

 JאאאאאאW 
١K אא אאאא

אK 

٢K אאאא،אא
א  א  א א א  א

אאאK 

٣K אאאאאאאאא
 א  אא  א א א   

אאאאאאאא
אאK 



٢٦٣ א אא 
 אא אא 
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٤K     א א       
  א א א     ،  א

אאאאאא
אאא אאא ،

אאK 
 

 JאאאאאW 
 אא،אאאאאאאא

אאאאאאא
אאאאאאW 

١K אאאאאאא
אK 

٢K א א אא    א א  א
אאאאאK 

٣K אאאאאאאאא
אאאאK 

٤K  א  א  אא אא   א אא
אאאK 

٥K אאאאאא
אאאK 

 



٢٦٣ א אא 
 אא אא 
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F٢ J١٠E–אאאK 
 

 
F٢ J١١E–אאאא 



٢٦٣ א אא 
 אא אא 
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 JאאאאאאW 

אאאאאאא
א א  ،  א ٢٠٠٠ ، 

אאאא  א 
אאאאאא،אW 

١K   א א אאאא
 Kאאאא

٢K    א  א א אא א א  א 
אאאאא٦٠א٪אאאK 

٣K א א  אא אאאאא 
אאK 

٤K  א  א  אא אא   א אא
אאאא

אאK 

٥K  א א  א  א אא אא א  
אאא א א אK

F٢ J١٢EאאאאאאK 
 



٢٦٣ א אא 
 אא אא 
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F٢ J١٢E–אאאאאאK 
 

אאאאאSF6W 
١ Kא    א  א א    אא  

אK 

٢ K  א  א ، א   א א   א
א  א  א א א  א 

אאאK 

٣Kאאאאאאאאא
אאאאאא א

אאאאאאא
אאK 



٢٦٣ א אא 
 אא אא 
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٤ K    א א   
אאאאK 

٥KאSF6א،אא
אאאאאK 

٦Kאאאאאא
אאאא،אא

אאאאאאK 

 
F٢ J١٣E–אאאאאK 

 

٢ J٨WאאMaintenance of Instrument Transformers 

 אאאא 
אאא אא אא

٦٠٠אאאא،א



٢٦٣ א אא 
 אא אא 
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א   א א א א אא     א
Fא א   Eא אא א   א א

אאאKא،אאאא
אאאKאF٢ J١٤E،F٢ J١٥E

אאאאK 

 
F٢ J١٤E JאאאאK 

 

אאאאאאאא
א א  א א  א אאאא

אאאאK 
 



٢٦٣ א אא 
 אא אא 
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F٢ J١٥E JאאאאK 
 

٢ J٩WאאW 
Protective Devices Testing and Maintenance 

אאא
אאאא،W 

•  א  Wא א  א    א  
אK 

•   א אא W א  א א   א
אK 

• אאאאאK 

• אאאWאאאא
אאאאאאאא

אK 
 

 א א   א א   א ،   
א   אאאא  Current Setting 

 א  א א  א  א א 
א،אאאאא א

אK 
 



٢٦٣ א אא 
 אא אא 
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 א      א     ، 
א ?אא 

 .אאאא 
 

אאאא אאאאא
אא אאא

אK 
 

   א   אא   א א  א 
אאK 

 

 
 
 

 
 

F٢ J١٦E–אאאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٤٢ -  

 
 

F٢ J١٧E–אאאK 

 

٢ J١٠WאFאאאWE 
Battery or D.C Circuits Maintenance 

 אאאאאאאאא ،
FE،א אW 

• אאWאאא ،א
אא(H2SO4) א ،אאאא(KOH) 

אאK 

• אא אאK 



٢٦٣ א אא 
 אא אא 
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• א،אאא 
K 

 

אאאאאW 

١K אאאאאאאK 

٢K א א W אא  אא אא    א
אאא אD.C، (PID) 

D.C voltage . 

٣K אאWא Black out . 

٤K  א א  א א א  (Bearings)   
 Kא אאא

         א א א א  
אאאאKאאאאאאW 

• אאWאאא
     א א אא  א א

אאאא 1→2،
     א א א  א   

 א  אא  ،
אאא אFאE،אאאא. 

אא אאאאאאW 

א        א  
א    1.265 → 1.290  

    1.205 → 1.230  
 א    1.110 → 1.165  



٢٦٣ א אא 
 אא אא 
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• אאWאאאאאאא
 אאא 

 אאאאFאE،
אאאאאא

1.8 voltFאא2א voltKE 

•  א   א W א  א  א 
אאאאא אא

FאE،  א א א א     א
אא א1.8 voltK 

א87A10،א 
Battary Capacity = 87 * 10 = 870  Amper.Hour.  

 אאא א 
א   ،     א א א א

אK 

• אWאאאאCharger 
אא،אא
אאאא 

אא، אאאאא
 א  א א א א      

Ripples א  אאא
אK 

  א  א     ، א 
  א אא  א        

א אא،אא
א 1.265 → 1.290א

 ،  א   א    אא א א א



٢٦٣ א אא 
 אא אא 
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א   אאא      
א،א
، אK 

• אאאWאאאאאא
 א  א א א   א א  

אא אא،אאא
 א א אאאא א אא  

،אא، אא
אאאאא K 

• א  א אW אא אאא
אאW 

١K   א א   1→2   אא א  
א אא א  א  א א א 

א K 

٢K     א  א    א   
אאאK 

٣K אאאאK 

٤K        א     
אK 

٥K אאאאאאK 
٦K אאאאא

א ،        א  
. 

٧K  א  א א א     א 
אאאאK 



٢٦٣ א אא 
 אא אא 
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٢ J١١WאMaintenance of Bus Bars 
אאאאאאא

אא،אאאא
 א א א   א א      

אאאK 
 אאא

אאאW 

 single bus-barsאא •

• אאsectionalized bus-bars 

• אאduplicate bus-bars 

א   א א א    א Kא 
אאאאאאאאW 

١K א  א א     א א אא
אאאאאא

אK 

٢K אאאאאאאאאאא
אאאK 

٣K אאא
אאאאאK 

٤K   א א א   א א א א א א
א    א   

אK 
٥K  א   א     א  א א 

אא   אא  א  א א  א
אK 



٢٦٣ א אא 
 אא אא 

 
 

- ٤٧ -  

 
 
 

 
 

F٢ J١٨E–אאK 

 

٢ J١٢WאאMaintenance of Station Insulators 
 

אאאאאאאאא
،אאאא

   א אא     אא Kאא א 
אאאאאאW 

١K א  א א     אא א אא
אאאאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٤٨ -  

 
 

 
 
 

 
 

F٢ J١٩E JאאאאK 
 

٢K א א א א אא ،א א אא 
אאאK 

٣K אאאא
אאאאK 



٢٦٣ א אא 
 אא אא 

 
 

- ٤٩ -  

٤K ،א  א  אא
   אא     א  

אאאאאאK 

٥K אא אאאאא
אאאאאא،א

אאא
אאK 

 

 
 

 
F٢ J٢٠E–אאK 

٦K אאאאא
Kאאאאאאא

אאאאאא،אא



٢٦٣ א אא 
 אא אא 

 
 

- ٥٠ -  

אא٢٠٠٠٠א
אאאK 

 
 

٢ J١٣WאאAlarm System Inspection 

 אאאאאאא
א،אא

אאאאאאא
אאאאאא،אאא

אאK 

 אאאאאאא
אאאאאא،א

אאאאא
אאאאאאאאא

אאאאאאאא
אאאאK 

 אאאאאאא
אאאא،אאא
אא،אאאא

אאאאאאא
אאא،אאאאאא

אאאאאא
אK 
 אאאאאא

אאאאאא
אאאאאאK 

 



٢٦٣ א אא 
 אא אא 
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٢ J١٤WאאEarthing System Inspection 

אאאאאאאאאא
אאא،אKאאאא

אאאאאאא
אאK 

אאא
אאאאאאא
אאאאKא

 

١K אDucton Tester or Micro-OhmeterW
אאאאאא

אא،אאאאאא
אF٢ J٢١EW 



٢٦٣ א אא 
 אא אא 

 
 

- ٥٢ -  

٢K  
א        א 

• א   1 µΩ → 199.9 Ω ; Error = 0.02% 
• אא  1 µΩ → 19.99 Ω ; Error = 0.025% 
•     1 µΩ → 600 Ω ; 10 A 

 
 
 
 
 
 
 

 

F٢ J٢١E–K 
٣K אMeggerWאאאא

،א،אאאKאא
אאאאאW 

  
  

F٢ J٢٢E–אאאK 
 



٢٦٣ א אא 
 אא אא 

 
 

- ٥٣ -  

• אWאאאאא
אF٢ J٢٣E،،אא

אאאאא
אW 

X = (R1 + R2 + R3) / 2 
 
 

     
 

 
 

 
 

F٢ J٢٣E–אאאאאK 
 

 

• אאWאאא
אאB , CאאA 

F٢ J٢٤E،
אA , CאאA , B

אW 
Re = V/ I 
 
                                         I 

 
                                                                                

 
C   B 
 

         A 

R1 
R3 

R2 

X 

V



٢٦٣ א אא 
 אא אא 

 
 

- ٥٤ -  

٢ J١٥WאSusstation Restoring 
 אאאאאאא

א،אא
Last Opened, First Closed  (LOFC) K 

 

–אאאאאאאא
،אאאאא

אאאאK 
 Jאאאא

אאאאאא
אאאK 

–אאאאא،א
אאא( Circuit Breaker Unblocking )א

אאאאאאאK 
–אאאFאאE

אאאאאאאאא
אאאK 

 



٢٦٣ א אא 
 אא אא 

 
 

- ٥٥ -  

 
 

١K א 

٢K אאאא 

٣K אא 

٤K אאאאאאא 

٥K אאאאאא 

٦K אאאאאאא 

٧K אאאאאאא 

٨K אאאאאאא 

٩K אאאאאאא 

١٠K אאאאאא 

١١K אאאאאאא 

١٢K אאאאאא 

١٣K אאאאאא 

١٤K אאא 

١٥K אאאאאאאאא 

١٦K אאאאאאאאא 

١٧K אאאאאא 

١٨K אאאא 



