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٢٥٥ א  

 אא אא 
 
 

 

،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
،אאאאאא

אאאK


אאאאאאא
  א        ،א אא  

 א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


 א א   ?א א  ?  ?  ?

אאאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


، א אאא
אK


אאאא



 

 

 

אאאא  
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אאא
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א


א






١



٢٥٥ א אא 

 אא אא 
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אאאאאK
אאא א  א

א א  אאא
K

א א  א אא      א
א א אאא

אאאאאאא
אאK

א א   א א   א  א  א 
אאKאאאאא

אאאאאK
אא אאאא

אאאאאאאKא
אאאאאאאא

אאאאאאא
K

 א א אא     א א   
 אא אא  א א   א  

אאK
אאאאאK

אאאאK


אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK
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 אא אא 
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אW
אאאאאאאא

אאאאאאאאאאK


אאW
אאאאא

אאאאאאאאא
אאK


אאאW

אאאאW
• אאאאאK 
• אאאאK 
• אאאאאאאא 
• אאאאאK 
• אאאאK 
• אאאאאאK 
• אאאאאאאK 
• אאאאK

Wאא
אW٢٥٥

W
אאאWאא

FLWE٣
אW٤F٢H٢E



٢٥٥ א אא 

 אא אא 
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אאWאא


אאW
אאאאW

١. אאK
٢. אאאאאK 
٣. אאאאאK


אאאWאא٩٠K٪


אאWFLE


אאW

אאאאאK


אאW
אאאאאK



٢٥٥ א אא 

 אא אא 
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١K١א
אאא

אאאאאאאאא
אK 

  א א א    א  
     א  א א  אא  

אאאאאאKאאא
אאאאאאאא

 א א א א א  א א א  א א
אאאא

EKאאאFאאא
א אא א   א     א 

אאאאא
אאאKאא

 א  א   א א  א   א
א א אא א  א  א אא א א K

אאאאאאא
אK

אאאאאאאK 
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١K٢אאאא
אאאאאאאK


•  FNormalE א א   א אא  א 

אאאK 

•  FRelays E א א  א    א אא  

 אא   א   ،א א א א א
אאAbnormal FאאאKE 

 
• אNormally Open Contact (NOC) אא

א  א K  אא א
אאאKאאא

אאאאאאא
אאאK 

 
• Normally Closed Contact (NCC)אא

אאKא
אאKאF

א אE   Fא א  E   K 
אאאאKא

אא         א א K  
אאK 

 
• אא Primary Relays 

אאאאאK



٢٥٥ א אא 

 אא אא 
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אאSecondary Relays      
אאאאאאאK


• אא Electromagnetic Relays    

אאאאא
אK

• אאStatic Relays     

א  א א   (semi-conductors) אא  
אאאאK

   א א אאא(slave devices) 
אאאאK


• אאMain Relays     

אאK

• אאאא Back-Up Relays    

אאא אא  
אאאK


• אSelectivity     

 א   FאE  אא א א  א 
אאא،אאא

אאאאאאK 



٢٥٥ א אא 

 אא אא 
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אSensitivity         
 אאאאאאK
• אConsistency     

אאאאK

• אOperating Time 

  א א א א א
Kאאאאא


• אאInstantaneous Relays    

א  א א א Fא   E    
א١٠K


• אאTime-delay Relay   

אאK

• אOver Current Relays  

א  א     א אא  א   
אאW


١KאאאאDefinite time-Current Relay

אאאאאאK


٢KאאאאInverse-time-Current Relays
אאאאא

אא( I . t = k) אאK



٢٥٥ א אא 

 אא אא 
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٣Kאאאאא
Inverse-definite time Relay                                                              

אאאא
אאאK 


١K٣אFאE 
        א א   אFא  E

אאאאאא אא
אאאK

א، 
אאאאאאאאK

א א   א    א    K  
אאאאאאאאאאא

אא K    א   א F١ W٢ E٪ א א 
אK

אאאאאא
אא א א

אאא“Electric Brain”Kאאא
 אFא Eאאא א א 

 א   אא  א א  א    
אאK
אאאאאאאא

אאKאאאאאאאא
אאאאאאKאאאא

אאא Kאאאא
אאאא

אאאאKאW
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 אא אא 
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١K אאאאK 
٢K אאK 
٣K אאאאאאאK 
٤K אאאאאK 
٥K אאאאאאK 


א

    Fusesאא •
• אאא Circuit Breakers   
• אRelays 
• אאLightning Arrestors 

א  אאאאאאא 
א אא אאא אאא

אאK
אאאאא

א א   א  א א   K
אאאאאא

 א  אFא KEא א א  א  
אאאאאאאאאFאאKE

א  א א      א   א 
אאאאא

אאK







٢٥٥ א אא 

 אא אא 
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١K٤א
 אאאאאא

   אא   ، א א א  א 
Fא  KE א אא(Distance Relay type reactance)

אאאאאאא
 א א א אא א א 

(Cos Φ)אא )
φSin   

I
V

( ٢٪
אאאK

א   א    א א אא   
אאאא

אא(Potential Transformer) א(Current Transformer)
אW

١K  א א   א א     
אK 

٢K אאאאאאאאאK 
٣K אאאאאאK 

א אא א אא אא אא
א      K א   א  

 א אא   א   א אא  א 
 אאא  אא

אאאK
         ( Sensing element)

  א( Control element)  Kא א  א 
אאאאאאא

אאKאאא
אאאאK

אאאאאא



٢٥٥ א אא 

 אא אא 
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אאאא
אK

١K٥אאאא
א(Protective Relays) אאאא

אאאאאאאאא
אאאאFאEאא

FאEאאK
אF١١Eאאאאאאא
 K א א א (Bus-Bars) א   (Feeders)

אאאאKאאאאאK
אאאא אאאא

 א א אאFא Eאאאא
אאK،אאאא

אאאאא
אאאא(Trip Coil t.c.)אא(auxiliary switch)

א Kא     א  א   אא   
א אKא א   א אא

אW
אא א  א אא א  א אא 

אאאאא Kאאאא
אאאא

א  א א    א א  א א
     א  א  א 

אאאאאK
 א אא (L/R)א 

אאא،אאאאאK
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 אא אא 
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אאאא(a)אא
אא(rest)Kאאא

אאאאאK 


אF١J١Eאא

 محول 
الجهد 

P.T 

محول التيار
CT 

 قاطع الدائرة

  الدائرة المحمية

اتجاه 
التشغيل

 قضيب التوزيع

قضيب توزيع 
الثانوي الجهد

 ملف تشغيل

مرحل

بطارية

a 
b 
c 



٢٥٥ א אא 

 אא אא 
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١K٦אאא
א  אאאאא א

אא K אאאא  
،א א  א א אאאא

 א א א    K  א א  
אKאWאא

אאאאKאאW
١K٦K١אSelectivity    

אאאאאאא
א אא א   א א Kא  א  א  

אא אא  אא אא אא   K
אF١٢E

،K



F١٢Eאאאאא


א

G G 


אא 


א



٢٥٥ א אא 

 אא אא 
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אאאאאאא
א    א   א א א K   א 

אאאאאאK
 אא FאאEאא א

אאאKא،
Kאא( over lapping)א

אK 
אא  אא א  

 א א  א K א F١ ٣ Eא  א  
 א א  אא F١ ٢ KE א  F١ ٣E א א

אאאא
אאאMetal clad typeא

אאאאאאאאא
אאKאF١٤E

אא א K
א אKאאא

אאאאאאאאK
א١אאאאא٢

אא٣٤א٥
אK





٢٥٥ א אא 

 אא אא 
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F١٣Eאאאא




F١٤Eאאא






٢٥٥ א אא 

 אא אא 
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١K٦K٢אSpeed of operation 
א אאא،א 

אאאאאא
אאאאKאא

א  א א    א   א א 
אאאאK

אאא
א   א א א  א א  אא  

א   א    א    ،א  א
،،אאאK

אאאאא
אאK

 א א  א   א א א א  
F١}٠١٢}٠EאKאאאא١٥}٠

٣}٠אאאאא٥}١٣אK
א א  א אאא  א 

אאא
אאאאא،א א

אאאא،אF٠٦}٠١٥}٠E،א
٢}٠אא٠٥}٠١٤}٠א

אא١٢}٠א٠٨}٠א
 ٠٤}٠א   א   ١}٠ ٢}٠   א

א א ٠٢}٠٠٤}٠א K  
      א      א א א

אאאאK 



٢٥٥ א אא 

 אא אא 
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١K٦K٣א      Sensitivity 
אאאאK

אאאFאאEאאאאKא
אאאאאא

א  א אא  K א  א     א א
אאאא(Back – up protection)K


١K٦K٤אReliability       

א  א    א    א  
אאאKא אאא

אK
   א א        א 

אאאאאאאאא
א  א  אא        א  

אK
   אא א א  אא   
Kאאאאאאא

אK 


١K٦K٥אא   Stability     
     א    א אא  F E

 אא    אא   K  
אאאאאK 





٢٥٥ א אא 

 אא אא 
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١K٧אאאאMain and Back-up Protection
אא אא

א אא     א  א א  א  
אאאאאאאא

 א   א א K F١ ٤ E    
אK
אא  א א  א א  א אאא 

،אאא
אאאאW


١K אאאאאK 
٢K אאאK 
٣K אאאאK 
٤K אאאאאK 
٥K אאאאאאK 





 

 

 

אאאאאאאאאאאא  

 

אאאא  

אאא
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א
א

א


א





א





א


٢



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ١٩ - 

אאWאאאאאאK


אאW
אאאאW

١K אאאא
٢K אאאאאK 
٣K אאאאK 
٤K אאאאאאאK 
٥K אאאאאאK


אאאW

אאא٩٠K٪


אאWFLKE


אאW
 א א אא אא  א

  א אא אא    א   
אאאאאK


אאW

אאאK



٢٥٥ א אא 

 אא אאאאאא 
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٢K١
אאא אאאא

אאאאאאאא
אאKאW

١K  א אא    א      
אאאאאK 

٢K  א        א  א  F
אEאאאאאK 

 
٢K٢אאאComponents of Protective System
  אאW
١K אא Fuses                 
٢K אאאCircuits Breakers (C.B.)          
٣K אRelays                   
٤K אCurrent Transformers (C.T.)        
٥K אPotential Transformers (P.T. or V.T.)     
٦K אאLightning or Surge Arrestors      
 

אאאאאאאאK



٢٥٥ א אא 

 אא אאאאאא 
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אאWאא  Fuses
٢K٣אאFuses
٢K٣K١

א א א א   א א   א א
א  א  א  אא،אא

K
א   אא   א 

אאאאאאWאא
אאאאא

א١٥٢٠א
אאK

אאאאא
אKאאאאאא

 K אא  ١١٠ ٪    א א  
א،אאאא(Transient 

Recovery Voltage)אא  K א ( Interruption Capacity)
אאאאא

אאK
אאאא
• אFuse holder      
• אFuse base         
• אFuse carrier     
• אFuse link          

אאאK
אאאאK






٢٥٥ א אא 

 אא אאאאאא 
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١KאFuse link        
  א א      אאא 

 אא(Cartridge)  אא א    (Arc 
Extinction)אאאאKאא

   א א  א  K א א   אא א
 א   element  Kא א  

K
٣K אאאCurrent Rating 

אאאאאאא
Kאאא (In)אא

אאK
٤K אא(Minimum Fusing Current)      

אאKאאא
אLאK

٥K א(Fusing Factor)     
אאאא

אאאW
אFZאאLאאEאא

٦K אPre – Arcing Time    
א  א א א    א  אא  א 

אאK
٧K אArcing Time  

אאאאאאאK



٢٥٥ א אא 

 אא אאאאאא 
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٨K א 
   א א   א     א א  

אLא   א  א א  א א  אK
אאאW


אאאZאHא


٢K٣K٢אאא

אW


١K אאאאא
אאK 

٢K אאאאאאאאK 
٣K אאא(Recovery voltage)K 
٤K אאאאK 
٥K אאK

٢K٣K٣אא 
אאאאאאאW

١Kאאא Powder Filled Fuses        
אאאאאאא

K



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٢٤ - 

٢KאאאMiniature Fuses      
אאאאאאאאאאK

٣KאאאSemi-enclosed Fuses         
אאK

٤KאאExpulsion Fuses             
٥Kאא Power Fuses                

 א         א   
אאאאא(Liquid quenched fuses)

٦Kאאא Distribution break Fuses
 א      אא      

אאK 
אאא

• א٦٦٠K 
• אאK 

אאאW
 
Kאאאא( Non-Current Limiting Fuses)

Kאאאא(Current Limiting Fuses) 
Kאאאא( Non-Current Limiting Fuses) 

א א     א  אא  א    K
אאW

١Kאא( Expulsion Fuses)     
א    א    אא   א  

   ،א Kא   א א  א א  K
 אא אאא(٥٠٠٠ – ٤٠٠٠ ºK) א  א א

 א א א  אא   א   א  
 אא אאא אא



٢٥٥ א אא 

 אא אאאאאא 
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אאאKאאאא
אK

א אא א   א א  אא  א א 
אא( Pole – Mounted Transformers) א٣٠٠٠

 K   א  אא   אא  א  
א   א אא א  Kא א   א 

אאאאאאא
אאאא

אK
٢Kאאא( Vacuum Fuses)        

אאאא
א    אא     א א א א א

אאאKאאאא
אאאאאKאאאא

אאאאאאK
Kאאאא(Current Limiting Fuses) 

 אאא אאאא אא
אאא( Prospective Peak Current) אא

F٢١KE(ID)אא(Cut - Off Current)א
 א K  א  אא  א    אאא א

א Kא אא א א   א    
אאאאאאאא( I٢ t)K



٢٥٥ א אא 

 אא אאאאאא 
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F٢١Eאאאא


אאאאאאאא

 א א   א  א     אא  
א K      א א   אא ( High 

Rupturing Capacity – HRC- Fuses)K
אאאא

Fא  E          Kא 
  א     ،אא    א א א

אאאאאאאK
א א א א      ( Dual Element)K

אאאKאא
  א F٢٢ Eא א    Kא  אא

אאאאאאא

I 

T 

tc 

tatm 

ID

Ip 

Irms

  = tm     الانصهارزمن 
    = ta  زمن دوام القوس

 =   tcزالة القوسزمن إ

 المتوقع عظمى لتيار القطعالقيمة ال



٢٥٥ א אא 

 אא אאאאאא 
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אאKאאאKאאאא
אאאאאאK




 

אF٢٢Eאא


אאאאאאא
 א א    א  א א א א K 

אאאאא
אאאאאF٢٣KE

אאKאאאא
אאK





٢٥٥ א אא 

 אא אאאאאא 
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אF٢٣Eאא
אאא  א،א   ،אאא 

אא א אאא א אא K
   א א     א    א 

אאאאאאא
W

• אאאK 
• אאאאאאא

אאאאאאאאאK 
•  אאא Fאא  E אא    א

אאאKאאאIEC – ٢٨٢ אאאאאK 
א • א אא אא   

אאK 
אאאאK

٢K٣K٤אאאא
א    א א א א  IDא  א א

  א אא אF٢ ٤ KEאא
 א א א  א א  א א F    אא   א

אEאאאאKאאאאאא
٢٠ kA   א א ١٠٠ A  א   ،F٢ ٤E א  א



٢٥٥ א אא 

 אא אאאאאא 
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אא٥}١١ kA٨}٥٣ kA אKא
א ٢}٤ kA K

 


אF٢٤Eאאאא


אF٢٥ E F٢ ٦ E אאא   

אאאאאאאאKא
אW



٢٥٥ א אא 

 אא אאאאאא 
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אF٢٥EאאאאאF٦٦٠E




٢٥٥ א אא 

 אא אאאאאא 
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אF٢٦Eאאאאא( ١١ kV)


Wאאאאאא ( ± ٥ to ١٠ 
% )   K א אא

אK


Wאאאאא
   א( Imin)א( ٥}٢ to ٠}٣)א

אK




٢٥٥ א אא 

 אא אאאאאא 
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٢K٣K٥אאא


 א     א  F  E     אא
אF٢ ٧E،אא( I٢tc)٢אא
א( I٢tm) ١אא Kא١א

אאאאא٢K 
 


 

אF٢٧Eאאא


אאW
١K אא   א  א א א  (Selectivity Ratio 

Tables)א א  Kא א  א    ١א א
٢א٢٥}١ : ١ and ٣ : ١ Kאאא

אאאאאאK 
٢K א א אא א א  א  א Fא E

אאאאא Fאא Eאא
אאאא١אא

٢

tc 

tm 

١



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٣٣ - 

٢אF٢٨KEאאאא
K 

 


אF٢٨Eאאאאאא

 
٣K אאאאאאKאאא

 אא א אא   א א   
אFKEאאאF٢١Eאאא

א  א א( I Nmin)   אא א  ( 
Magnitizing Inrush Current) אאא א( INmax)

 א א  א     א   א  
אKאאK 

 א F٢ ٢ Eאאא  א א F٤٠٠ V Eא אא
אאאF١٢ – ١٠ kVEאאK

٢

١

١٢

منحنى الانصهار

منحنى الإزالة

I

t



٢٥٥ א אא 

 אא אאאאאא 
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F٢١E 
אאאאאF١٢ – ١٠ kVEאא 


אFkVAEFEINminFE INmax 
١٦ ٥٠١٦
١٠٠٢٥٤٠
٢٠٠٤٠٦٣
٢٥٠٢٥٦٣
٤٠٠٦٣١٠٠
٥٠٠٦٣١٠٠
٦٣٠٦٣١٦٠
٨٠٠١٠٠٢٠٠
١٠٠ ١٠٠٠٢٠٠

 
F٢٢E

אאאאאאF٤٠٠ VEאאF١٢ – ١٠ kVE



FE 

١٢٥١٦٠٢٠٠٢٥٠٤٠٠٥٠٠ ٨٠?٨٠٠١٠٠٠ 


FE 

٦٠٢٥٢٥٤٠٦٣١٠٠١٠٠١٦٠١٦٠٢٠٠

 
אאאאK

 
•   F٢ ٩a W E  א F٢ ٢ E א א    א 

٤٠٠١٠٠KאF٢١Eא
אאK 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٣٥ - 

• F٢٩bWEאF٢٢Eאא١٦٠
 KאF٢١E١٦٠ אאF١٠٠Eא

אאאאK 
• אF٢٩cWEאאאאא٢٠٠K

אא٤٠אF٢١Eאא
א  א  F٦٣  KE א א א   א ٢٥٠ 

אא٦٣אאאאK 
 

 
 

אF٢٩E 
٢K٣K٦אאאאא


אאW

١K F٢١٠Eאאאאא 
J אאאFאKE 

١١kV ١١kV 

١٠٠٠kVA 
x=٠٫٠٦ pu 
Ip =٥٢٫٥ A 

Is = ١٥١٩ A

٥٠٠kVA 
x=٠٫٠٦ pu

Ip =٢٦ A 
Is = ٧٦٠ A 

٣٨٠V 

٤X٤٠٠A٤X٢٠٠ ? 
٤X٢٥٠? 

٨٠٠A 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٣٦ - 

J א١٠٠אאK 
٢KF٢١١EאאאW

J אאאK 
J א٧٠אאK 

 

 
אF٢١٠Eאאא 



≥ ١٠٠ ms 

قاطع

t 

I 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٣٧ - 


 

אF٢١١Eאאא
WאאאאאאF٢١٢KE




 
אF٢١٢E 


אאאאא

אF٢١٣KEאאאא
אאאKאאאאא٣٠K

١١kV 
٥٠٠kVA 
Ip =٢٦ A 

Is = ٧٦٠ A
Isc=١٢kA ٣٨٠V 

٢٠٠A

.م.مصهر ج.م.قاطع ج محول

≥ ٧٠ ms 

قاطع

t

I



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٣٨ - 


F٢١٣Eאאאא٢א١٢





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٣٩ - 

אF٢١Eאאאא١٠٠ ,٦٣K
  א  א  א אא א  

א     א K א א   א  א א
١٠٠אא١٠٠K






٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٠ - 

אאWאאא
٢K٤אאא
٢K٤K١

אאאא(Switchgear)
   אא  א        K
אאאאאאא

אKאאW
 
١K אW 
 

aE א( Disconnect Switches) 
bE א(Load – Break Switches)K 

 
٢ K        א  א (Circuit 

Breaker)K
אאאאאאא

אאK
אאאאW

aE    א א אא  א אא  א
אאאאK 

bE  א א  א   א    א 
K 

cE אאK 


אK
אאאא

אאאKאאא
אאאK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤١ - 

א،אאאאא
אאאKא

אאא  אאאאאא K
אאאאאאאK

 א אF  E א       Kא
אאאFאאE

אאK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٢ - 

٢K٤K٢אאא
אאאאאאאאW

١Kאא Rated Voltage              
אא אאFאאא KE

א א א   K  א א
אאK

٢KאאRated Frequency           
אאאאאאK

٣Kאא Rated Insulation Voltage    
אאא א א אא   Kא  

אאאאאאאאא
אאK

٤KאאאRated Power Frequency Withstand Voltage 
א אא א ( ٥٠ or ٦٠ Hz)א  K

א א  א אא  א
  Kא    ،א א א א א א א 

אK
٥KאאאRated Impulse Withstand Voltage      

אאאאאאאאK
אאאאאאKאאאא

،אאאאאK
٦KאאאאRated Continuous Current     

אאא
אאאאאא

אאFאKE



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٣ - 

٧KאאRated Breaking Current             
 א  א א א  א א   K א א  

(٢٥}٠ and ٢}٠)אאאאא
אאאK

٨KאאRated Making Current          
אאאKאא

אאאאKאאK
 
٩KאאRated Short – Time Current     

אאאאאאא
  א א א א א א א א  K א א

 א א     א    אא  
אK

٢K ٤K٣אא
אאא،،אאא

א  K א  א K
    א א א     א א 

אK
אאאFEא(٠٠٠}١٠ to 

٠٠٠}٢٠ Cº)אא( ١٠�٥ Ω.m)Kאא
אאאאא

אאFאEאאאאאאאאK
 א  א     א  א  

אKאאאאאאK
אא אא א א א K،א א 

א، אא( ٢٠ V/cm)אא ١٠٠
אא١٠ K



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٤ - 

אאא אאאא א  K
אא،א

אאאאFאE
אאאאK

אאאאאא
אאאאKאא

א א   א א א א א אא אא   
אאאK

אאאא
 א א F אאא אא  E א

אאאא
אK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٥ - 

FEאא
אF٢١٤EאאKאא

אאאאKאאא
 אא Kא א   א    אא

אא(Blow-Out Coil)



F٢١٤Eאאאאא

FEאא
אאאא(Arc Splitters)Kא

F٢١٥EKאאאאאא
א א   א א    אא א 

אאKאאאאא
אאKאא

אאאאאאאאאK


XX

X

التلامسات



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٦ - 


אF٢١٥E

٢K٤K٤אא


Wאאאאאאאא
١K אאAir Circuit Breakers                                        
٢K אאMinimum – Oil Circuit Breakers   
٣K אVacuum Circuit Breakers                               
٤K אאSulpher Hexafluoride (SF٦) C. B.  
٥K אאAir – Blast Circuit Breakers                          
 
 אאאאW
aE אF١٠٠٠ VELow Voltage C.B.                   
bE אאאF١kV٣٣kVEMedium Voltage C.B. 
cE אאאF٣٣kV٢٤٠kVEHigh-Voltage C..B      
dE אאאF٢٤٠ kVEExtra High Voltage C.B.      






٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٧ - 

٢K٤K٥אאא
אאאאאKאאאאאא

א  א  אא  K 
אאאW


١K אא (Moulded -Case Circuit Breakers)              

      א      אא  K
       אא  א אא Kאא 

   א Kאא א  ١٢٠٠ A 
٠٠٠}١٠ א AאאאKאF٢١٦E

אאאאK



F٢١٦EאFE



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٨ - 

٢K אא(Low Voltage Power Circuit Breakers)   
 אאאאא (Modular Design) אא

אא Kא
  א٤٠٠٠א א  ٠٠٠}١٣٠  א    א 

אKאF٢١٧Eאאאא 
 




F٢١٧EאאFE


אאאWאאK


aE אאא(Current – Limiting Breakers)      

אאא אאא ،א 
אאF٢١٨EKאא

אאIcא(Cut - off Current)



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٤٩ - 

אא  א א Kא אא
אאאא١٠Kאאא

Fא אא  Eא אא א 
אאאאאאאK 

 




F٢١٨Eאא

bE אאא(Non-Current Limiting Breakers)    

אאאKא
٥٠אאאאK

אא Total Breaking Time (Tb)אא
אW

١K אTripping Time (Tt)אאא
אKאאאאK 

٢K אOperating Time (to) אא
אK 

٣K אאאArcing Time (ta) אאא
אאאK 

قاطع محدد 
 للتيار

 قاطع عادي

t 

I 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٠ - 

אאאא
אאאאKאW
١K  א  א ( Delayed Thermal Release)  אא  

אK 
٢K      ( Instantaneous)    (Short – 

Time Delay)K 
אאאאאא

א א ( ٧٠ – ٣٠ %) א א Kא  
אאאאאאא

אאאK
אF٢ ١٩EF٢ ٢٣Eא א(tripping Characteristics)

 אא K   א א   א 
אאK 

 
אF٢١٩EאH

 

 اق فوريإعت

الحد الأعظم 
عتاق الحراريللإ

 الحد الأدنى
عتاق الحراري للإ

 )IRأضعاف التيار المقنن (التيار 

 الزمن

I٢I١



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥١ - 




אF٢٢٠EאH



 

אF٢٢١EאHא

  )IRأضعاف التيار المقنن ( التيار 

 الزمن

٠٫٥ sec 

٠٫٠٣ sec

 نظام التغيير في الزمن

  )IRأضعاف التيار المقنن ( التيار 

 الزمن

نطاق التغيير في التيار
  (١٠ – ٢ ) IR    



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٢ - 



 
 

אF٢٢٢EאHאH 
 

 
 

אF٢٢٣EאHHFא
אE

 الزمن

١٥≈ )IR أضعاف التيار المقنن (التيار  In

 الزمن

٠٫٥ sec 

٠٫٠٣ sec 

 IR(  I٣أضعاف التيار المقنن ( التيار 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٣ - 

٢K٤K٦אאא
אאאאאאא

אKאאאאא
  א א   א   K    

אאאאKאאאאא
אאאK

אאאF٢٢٤E
אF٢٢٤Eאאאאאא

 א א א   K  א  א  א
אאאאאאK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٤ - 

אאF٢٢٥E
אאFaE٢٠אא

אאא٢א and ٣ א٢א
אK

 
א א

אא
١XX 

٢XX
٣XXX

 
אF٢٢٤Eאאאא



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٥ - 


אF٢٢٥Eאא


٢K٤K٧אאא

אאאאאאאW
FEאאאOil Circuit Breakers 

אאאW
J אאBulk Oil Circuit Breakers  
J אא Minimum Oil Circuit Breakers  

 אאאא
אאאאאאאאא

אKאF٢٢٦Eאא
K





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٦ - 




אF٢٢٦EאFE


אF٢٢٧Eaאאא
 Kא אKא

Kאאא
אאאאאאאאאK 

אאאאא
 א א      א  אא  א 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٧ - 

אאאאKאאא
KWאאK

אאאא،א
אאאאאאאאFF٢

٢٧bKEאאאאאK
  א א  א א  ،  א    

אא  Kאאא א
אF٢٢٧CEאאאF٥E

א٦}٤א  Kא א  אאא א
אאK




F٢٢٧Eאא

   אא       א 
אאאא  Kא אא   KאF٢ ٢٨E

אאאאאא١٢ 
kV, ٥}٣١ kA אאאא٠٠٠}١٠א

אK




٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٨ - 


F٢٢٨Eאאאא


FEאאאאVacuum Circuit Breakers 

אF٢٢٩EאאאאK
א ١٠�٧، 

אKאאאאאא
אKאאאא

Kאאאאאאאאא
 א   K    א א  א  א

אאאK
   ، א     א א   

אF٢٢٩Eאאא
אאאאKF٢

٣٠EאאK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٩ - 




F٢٢٩EאאFE





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٠ - 




F٢٣٠EאFE


אאאKאאא
א١٠٠אאא٠٠٠}٢٠אאאאK

אאאאאא٠٠٠}٣٠א
אאKאF٢٢٨Eאא

אאאא١٢ kV, ٥}٣١ kAK
אא   א א א אא    א Fא E 

אאFאSulphur Hexafluoride (SF٦)
אאK





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦١ - 

٢K٤K٨אא(SF٦ Circuit Breakers)  
 א    א   ،אא א  א 

  K אאא٢٠ Cº ٦٫٠٧ هي L
אאאאאKאF٢٣١Eא

אאאאאאאSF٦ K


F٢٣١EאאאאSF٦אא


אאאאא( electro-

negativity)    א א Kא א א 
אאאאאאאאא

אאאK
    א א אא א   א א

אאאאאאאK
         א   א 

אאFSF٤ , SF٢ , SF٢ ,….Eא
אאאאאאאאKאאאאSF٦ 

אאאאאאאK




٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٢ - 

א( SF٦)  
אF٢ ٣٢E SF٦ אא Kאאא

א٥}٣Kאאאא
אאK




F٢٣٢Eא


אF٢٣٣EאKאFaEאאא
 (٢),(١)א א א (٣) א א(٤),(٥) א א(٦) K
א(b)אאKאאא(٣),(٤)אא

אא(٧),(٨)א SF٦ אא(٩) אא(١٠)
אאאאK





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٣ - 


F٢٣٣Eאא

(a)،א(b)،א(c)א


 א אאא٢٠ – ١٠ א א  ٤٠٠٠ – ٢٠٠٠
אאאאKאF٢٣٤Eאאא

אאא١٢ kV, ٢٥ kA K




٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٤ - 




F٢٣٤EאאאאSF٦
 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٥ - 

אאWא
٢K٥א
٢K٥K١

אאאא ،
א   א אא    K    א 

אאאאא K א
א אא א   א אא    א  א 

KאF٢٣٥EאאאאאK


אאF٢٣٥EאאאאW
١K אK 
٢K אאK 
٣K אK 
٤K אK 
٥K אK 
٦K K 
٧K K 
٨K אאK 
 


 

F٢٣٥E

١ 

٢ ٣ 

٤

٥ 

٧ ٦ 

٨ 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٦ - 

٢K٥K٢אאא
אאאאאKאא

א א א   K א  א  
אאאK

אאאאW
١K אK 
٢K אאאאא

אאK 
אאא٧אא

   אא  א א   Kא  
(interlock)א    אא    א א א 

אK




٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٧ - 

א
א  א א  א  א   א   K 

WאאאKאאאא
١K אאא،אK 
٢K א،(VI cosΦ)K 
٣K א،אאאV/I 
٤K אא،אאאאFKE 


٢K٥K٣אא

אאW

١K אאא Thermal Relays     
٢K אאאא Electromagnetic - Attracted - Relays 
٣K אאאאא Electromagnetic Induction Relays 
٤K אאStatic Relays 


   א א א א  א א א 

אאאאאאאאK
FEאאInduction relays

 א א  א א   אא א   א א 
אא،אא

אאאK
   א א      א אΦو ١ Φ٢ 

א אא אא א א א  K  א 
אTΦو ١ Φ٢ אאα  W

T α  Φ١ Φ١ sin α 




٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٨ - 

אα. 
אא Wאאא(shaded – 

Pole)KאאאK
אF٢٣٦EאאאאKא

א אאא אאא K
אKא_אא

אאאאאאא 
אαא٤٠º – ٤٥ º K


אF٢٣٦E


אF٢٣٧Eא،

F٢٣٨ E   א אא   א   Kא א 
אאαאאאאK

 א    א  א   א א   ،א 
K





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٩ - 




F٢٣٧E




F٢٣٨E






٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٠ - 

אא
אאאW


١K אT١א،T١ = k١I٢

             
٢K אT ٢، T٢ = k١ I٠

٢                          
I٠אK

٣K אT٣א T٣ = k٢ (d/t)        


Fd EאאאFtE  א
FאKE

אאאאW
T = k١ I٢ – k١ I٠

٢ – k٢ (d / t)
אאT = ٠ ،W

K١ ( I٢
 – I٠

٢) = k٢ ( d / t)
W

T = k d ( I٢ – I٠
٢) 

      א א   I٠ and d א   
      א א   F٢ ٣٩E Kא א 

אאא(Inverse – Time Relays) K 
 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧١ - 

 
 

F٢٣٩Eאאא
אא

אאאאאא
א  א  אא  K      א 

אאאאאא
אאאאKאאאW

١K אאא א  K
אאא( Time Multiplier Setting)א

١١ & ٥}٠KאאאאK 
٢K אאKאא

אKאK 
אאאא

  ، א אא Kא
א א א  א א    א   א

אאאאKאF٢٤٠Eאא
אאאאאאא

אאאאK

I٠ I 

t 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٢ - 




F٢٤٠Eאאא

FE


FEאא
א א      א א א 

K
אאאא אאא

אאאאאKא
  א א א  א  

אאKאאאא
א א   א   א א א K

אאאאאא،
אK





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٣ - 

אאאא
  F٢٤١ E  א אא K א    

אאאF١EאאK
אא א F٣Eא  א

אF٤KEאאא
אKאF٥Eא
אF٧Eאאאאאא Kא

 א א F٨ KEא א א 
F٩EאאK










F٢٤١Eא

١ ٣ ٤ ٥ ٧
٦

٢

٨

٩

١

 إشارة الخرج. ٦دائرة قياس        . ١
 عنصر التحكم . ٧إشارات القياس   . ٢
 عنصر التغذية. ٨عنصر التحويل   . ٣
 مصدر جهد مساعد. ٩عنصر القياس     . ٤
 تغذية دائرة القياس. ١٠     عنصر الخرج. ٥



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٤ - 

אא
F٢٤٢EאאאאאאאK

אV١FאאBEאאא
אKV١אVEאא א

אאEא C KאאV١VE אא
אאאאאאK 

 


F٢٤٢Eא


FEאאא

אאאאאאאאW
١K אאא

אאKאאF٢
٤٣KE 

٢K אאFא
C – L KE 

٣K אFאR – C KE 
 

- 

+
V١ 

B 
C 

E 

+
VE 

 ملف إعتاق القاطع

 دائرة  إعتاق القاطع



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٥ - 


F٢٤٣Eאאאאא


FEאאא

אF٢٤٤Eאאאאאא
 א   א א א  F 

 א אא א א א אאC١ & R١  KE 
אא אT١ א R٢ אאא  C٢א K

 T١ א א P אא
אאTא ١אאאT٢ אאTR K

אאאאאאTh אאDאK
אאאאK 


F٢٤٤Eאא

الدخل 
من 

المحول 
 الرئيسي

R١ 

C١ 

C٢ 

R٢ 

T١ TR 

D

  المحول المساعد

T

+Vc 

P

الدخل الخرج



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٦ - 

٢K٥K٤אאOver Current (O/C) Protection   
אאאאאאK

אאאאKאאא
אאאK

 א א א אא  א  
Kאא אא K

א א אא 
א א K א  א   א  אא

א    א  K  א  א א  
 א א א  א א     

אF٢٤٥aKEאאא
א (Inverse – Definite – Minimum Time Relay; IDMT)K

אF٢ ٤٥bEאאאאאK
א א   א א אF٢ ٤٥b Eא    א

א،אKאא
   א  א א א א   

אאאאאאאK 

 
FaEא

عكسية فائقة. ١

 عكسية شديدة. ٢

 عكسية محددة للزمن.  ٣



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٧ - 


FbE

F٢٤٥Eא



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٨ - 

א
אKאא

F٢٤٦KE 


F٢٤٦Eאא


אאא

א    א א    א  K 
אאW


١K אאאאF١٠٠٠KE 
٢K  אאאא F٥٠٠ kVA Eא 

א(differential Protection) K 
٣K אאא(Impedance Protection)K 
٤K אאאאאK 
 

 ةقاطع الدائر

الجهاز المحمي

-

+



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٩ - 

א
١K אאאאאK 
٢K אאא א אאא Kא

אאאW 
Kאא Time grading  
Kא Current grading     
Kא א א  א א  א  א (IDMT 

Relays) K 

אאאComponents of Induction Type O/C Relay 
 א F٢ ٤٧ E  א א א  א   א אK

אאאאאW
• אTap BlockWאאאאא

FאKEאאאאK 
• אShading RingWאFEאאא

אאאאאKאא
 Kאא

• אאDamping MagnetWאא
אאאאאFאא

אאאKE 
• אאTime DialWאאK 
• אSpring Wאאא،

 אא א   אא  א  K  א א 
אאאאאK 

• אC.T.Wאא
אW 

 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٠ - 

١K אאאKא١A or 
٥A K 

٢K א  א    א אא א 
אאK





F٢٤٧Eאאא 

W ١ A ١٢٥ % א
אT.M.S = ٦}٠ K א١ : ٤٠٠  א٤٠٠٠ A

F٢٤٨KEאאK 
 

 
F٢٤٨E

R

C.B. 

F 
  ٤٠٠٠ A 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨١ - 

אW


אאI = ١٠ = ٤٠٠ / ٤٠٠٠ A         
אאאI٢٥}١ = (١٠٠ / ١٢٥) * ١ = ٠ A      


אאאאאאאI / I٨ = (٢٥}١ / ١٠) = ٠  


אF٢٤٩Eאt = ٢ Seconds    


F٢٤٩E


٢K٥K٥אאDistance Relays 

אאאאאא
אKאאאאאא

אאאKאאא
  Fk I٢ E  א  א     Fk\ V٢

EאKאאאאK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٢ - 

k′
k

             Z

k′
k

           
I
V

V  k′         I  k

2

22

p

p

f

 

אאאאאאk′
k


אאאF٢ ٥٠ Eא  Kא א

Kאאא

Kאאאk′
k

k′  ,  kאK 
 


F٢٥٠Eאא



- R R 

X 

- X 

r =k′
k

المرحل 
 يعمل

المرحل 
 لايعمل



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٣ - 

٢K٥K٦אא Directional Relays   
אאאאאF٢٥٠KE

אאאאאF٢
٥١EאאאאK

אW


)θ - φ( Cos I  V =T


φאאאIאV
θאאφאK 
 
 


FEאא 



θ 
٩٠- θ 

المرحل 
 يعمل

المرحل لا 
 اتجاه التيار يعمل

  لأقصى عزم

 صفر= مسار العزم 

 الجهد



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٤ - 


FEא

F٢٥١Eאאא

אאDirectional Over Current Protection  

 א א א   א א  א   
אאאאאאאאאאאאא

אאאאKאאאא
אאאK


אאMethod of Operation for Directional Relays

אאInduction RelayFE
F٢٥٠EאK

 

R -R 

X 

-X 

المرحل يعمل في 
 هذا الاتجاه

لا يعمل المرحل 
 في هذا الاتجاه



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٥ - 

 
 

 
F٢٥٠Eא


אVrφvא Ir φc

אאW
 

T  = k١  φv . φc. Sin ( φv, φc) 
 

T = k١  φv . φc. Sin ( φ) 

Ir ,Φc 

Vr 

Iv ,Φv 

Φr ψ α 

Ir 

Vr 

Φc 

Φv 

T+ve 



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٦ - 

φאאאאא
אW

 
T = k١  φv . φc. Sin ( ٩٠ – ( φr + α) 

 
φrאאאאאאאW

T = k١  φv . φc. Cos (  φr + α) 
 

So, T = k٢  Vr . Ir. Cos (  φr + α) 
FαEאאאאKאאW

• אאאW 
 

α  = ٩٠º , So;  T = k٢  Vr . Ir. Sin   φr  
• אא Active Power Relay אW 

α  = ٠º , So;  T = k٢  Vr . Ir. Cos  φr  
אW

T = k٢  Vr . Ir. Cos (  φr + α) 
אφrאאK

 אאא φrא א אK
אאאאאאא

אK 
 
 



 

 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א



א




٣



٢٥٥ א אא 

 אא אא 
 
 

- ٨٦ - 

אאWאא


אאW
אאאאW

١K אאאאאK
٢K אאאK 
٣K אאאאאאK 
٤K אאאאאK


אאאWאא٨٠K٪


אאW٤FLE


אאW

١K אאאאאK
٢K אאאK


אאW

אאאאאא 
אא



٢٥٥ א אא 

 אא אא 
 
 

- ٨٧ - 

אאWאא
٣K١

א א א   א א  א   
אא(Ring Systems) אאאא( Parallel Circuits)א

  אא א א אא  א  אאא ( Single Source 
Radial Circuits) Kא א    א  א  א

אאK
٣K٢א

אאאWJ
٣K٢K١אאאא 

Protection of Double Source Radial Networks 
 א F٣ ١ E        א

א A & E א
D, C, B אאאא

אאאאאא
אKאK 


F٣١Eאאאא

אאאאאאאא
אאאאאKא

אאאאK

A B C D E 

C.B

Circuit Breaker 



٢٥٥ א אא 

 אא אא 
 
 

- ٨٨ - 

אאF٣٢a Eאאאא
אאA  K אאאאאאA

אאA ٤}١ sec אD ٢}٠ secKא
אאאEאE ٤}١ sec B

٢}٠ sec٤}٠ sec F٣٢bKE
F٣٢cEאאאאA 

& E Kאאאא٤}٠ sec،
אאאאK 


F٣٢aEאאאא 

 


F٣٢bEאאאא 

 
 

B C D E 

١٫٤ sec ١٫٠ sec ٠٫٦ sec ٠٫٢ sec 

A B C D E 

١٫٤ sec ١٫٠ sec ٠٫٦ sec
٠٫٢ sec



٢٥٥ א אא 

 אא אא 
 
 

- ٨٩ - 


F٣٢cEאא



א 

١٫٤ ١٫٤٠٫٢ ١٫٠ ٠٫٢ ٠٫٦ ١٫٠٠٫٦ 

A B C D E 



٢٥٥ א אא 

 אא אא 
 
 

- ٩٠ - 

WF٢٣cEאאאא
אאW

١K אאאאאאאK 
٢K אאאאאאK 

אW
١K אF٢٣cEאאאB

 א א D אא א  א    א 
אB , C, D אKאאאאא

א אאאאאא Kאא
אאאאאאאK

٢K אF٢٣cEאאאאאא
אאאKאאאא

אKאאBCאאB 
١ sec א א C   ٦}٠ sec Kא א 

אאאאאאאK 
אBא٢}٠ secא

אB אאאK





٢٥٥ א אא 

 אא אא 
 
 

- ٩١ - 

٣K٢K٢אאאאא
Protection of Single In-feed Ring Systems

 
F٣٣Eאאאאאאא

אKאאאאאא،א
F٣٣aEF٣٣bKE 

 


F٣٣E 



 
F٣٣aEאאאא 

A٢ B٢ C٢ 

٠٫٦ sec 

D٢ 

٠٫٢ sec 

E٢ 

١٫٠ sec 

A B C D E 

١٫٤ sec ١٫٨ sec 

Infeed A٢ 

A١ 

B١ B٢ 

C١ 

C٢ 

D١ 

D٢ 
E١ 

E٢ 

B 

C 

D 
E 

A 



٢٥٥ א אא 

 אא אא 
 
 

- ٩٢ - 

 


F٣٣bEאאאא

אא٤}٠ sec אאאא٢}٠, 
٤}١ ,٠}١ ,٦}٠, and ٨}١ secאאאF٣

٣c KE   א A א   א Fא  Eא  
אאA١ & A٢ Kאאאאאא

אאK 
 


F٣٣cEאאאא

 

Infeed A٢ 

A١ 

B١ B٢ 
C١ 

C٢ 

D١ 

D٢ 
E١ 

E٢ 

١٫٨ sec 

١٫٨ sec

٠٫٢ sec ١٫٤ sec 

٠٫٦ sec 

١٫٠ sec 

١٫٠ sec 

٠٫٦ sec 
١٫٤ sec 

٠٫٢ sec 

C١ D١ 

١٫٨ sec1.0 sec

B C D E A 

E١ 

١٫٤ sec٠٫٦ sec

B١ A١ 

٠٫٢ sec



٢٥٥ א אא 

 אא אא 
 
 

- ٩٣ - 

אF٣٤EאK
אAאאKאאאאאF�٢ ١ 

�٣ E א אא  א אF٤�٥�٦�٧�٨ E     
אאאאאאKA
אא٤٦}٠ sec א٣٠}١ sec 

אאאאK 
 


F٣٤Eא


٣K٢K٣אאאאProtection of Parallel Lines 

F٣٥EאאאKא
א   K  א   א     B,D  K

אאאאאKאא
אA, CKאA אBאC אD 

אאא٤}٠ sec K 
 

١

٢ ٣

٦٧

٨

Infeed 
٤ 

٥ 

١٫٤ sec 

١٫٤ sec 

١٫٠ sec 

١٫٠ sec ٠٫٢ sec 

٠٫٢ sec 

٠٫٦ 
sec 

٠٫٦ 
Load ٢ 

Load ١ 

Load ٣ 

A 



٢٥٥ א אא 

 אא אא 
 
 

- ٩٤ - 

 
F٣٥Eאאא


٣K٣אאא

١WאאאF٣٦KEאאאאFA, B, C 
& DEאאאאאK
אW

אאא
אאאFאAKEאאאאאK

א   ٣}٠ to ٤}٠ sec א
Kאא

F١ אA٢}٠ secאאK
F٢אB٥}٠ sec KKKKKKKKאאKאF٣٧E

אאאאK
   א  א      א  א 

אאKאא Kאא
אאאאK 

 

A 

C D 

B 

Infeed 
Load ٠٫٢ sec 

٠٫٦ sec 

٠٫٦ sec 

٠٫٢ sec 



٢٥٥ א אא 

 אא אא 
 
 

- ٩٥ - 

 
F٣٦Eא




F٣٧Eאא


אאאאאאאאא 

     א        א
אK

 موضع الخطأ

٠٫٥ sec 

٠٫٢ sec 

٠٫٨ sec 

١٫١ sec 

 الزمن

٢ ١٣٤٥

F٢ F١F٣F٤

XXXX
B ACD



٢٥٥ א אא 

 אא אא 
 
 

- ٩٦ - 

٢W
  א א  א א F٣ ٦ KE א  ٦٦א kV

אW
XG = ٨}٠                               X٠٥}٠ = ١٢   X٠٥}٠ = ٢٣ 

 
X١٢٥}٠ = ٣٤   X٢}٠ = ٤٥ 

אאאאאא
א

אאאW
IF = (V /    √٣)  * XF 

XFאאא
אאF٣٨EF٢  אAF٣

KF٤, F٥ , F٦ , F٧ K


 
F٣٨Eא٢


IF٤٧٦٣٣ = ((٨}٠)* ٣√ ) / ٦٦٠٠٠ = ٨ A. 

 
IF٧ ≈ IF٣٨١٠٦ = (( ٢}٠ + ٨}٠)* ٣√ ) / ٦٦٠٠٠ = ٦ A. 

 
IF٥ ≈ IF٣٣٨٧٢ = ((١٢٥}٠ + ٢}٠ + ٨}٠)* ٣√ ) / ٦٦٠٠٠ = ٤ A. 

 
IF٣ ≈ IF٣٢٤٣١ = ((٠٥}٠ + ١٢٥}٠ + ٢}٠ + ٨}٠)* ٣√ ) / ٦٦٠٠٠ = ٢ A. 

 

٥ ٤ ٣ ١ ٢ 

F٣ F١ F٥ F٧ 

xxx x 
B ACD

F٢ F٤ F٦ F٨ 



٢٥٥ א אא 

 אא אא 
 
 

- ٩٧ - 

IF٣١١٠٧ = ((٠٥}٠ + ٠٥}٠ + ١٢٥}٠ + ٢}٠ + ٨}٠)* ٣√ ) / ٦٦٠٠٠ = ١ A. 



٢٥٥ א אא 

 אא אא 
 
 

- ٩٨ - 

אW
• אA F١ & F٢   

אFIA = IF٣١١٠٧ = ١ AKE 
•  אB F٣ & F٤   

אFIB = IF٣٢٤٣٢ = ٣ AKE 
•  אC F٥ & F٦   

אFIC = IF٣٣٨٧٢ = ٥ AKE 
• אD F٧ & F٨   

אFID = IF٣٨١٠٦ = ٧ AKE 
אאKF٢אאA

IF٢ & IF٣אB K
F٤ אאBאCK

א    א  א   א  א 
אאאK


٣K٤אא

   א א  Kא א     א 
א K אא Kא

  א       א   א א א
אאאK

  א  א א  Wאא א  א  
אאKאK

אאא אאאאאא
אאאאאא

אK
אF٣ ٩ Eאא  Kא

אKא



٢٥٥ א אא 

 אא אא 
 
 

- ٩٩ - 

אאאאאאאאאאא
אאK

 

FEאא


FEאW٢אאאא١א

F٣٩E
   אא א  א  אא    

 אאא     א  K   
אאאאאאאא

אK،אאאאא
אאאKאאאא

Kאאאאאאאא
אאאKאאאאא

אאK

 ٢المحول 
١٣٫٨/٠٫٤ kV 

 ١المحول 
١٣٫٨/٠٫٤ kV

 مفتاح مغلق

مغذيات

 غلقمفتاح م

I I 

 ٢المحول 
١٣٫٨/٠٫٤ kV

 ١المحول 
١٣٫٨/٠٫٤ kV

 مفتاح مغلق

I 

مغذيات



٢٥٥ א אא 

 אא אא 
 
 

- ١٠٠ - 

אאאא
אאאאאא

FאEאאאאK


אא
א،אאאאאאאאאאK

אאאאW
• אא 
• אא 
• אאאאאאאאK 

אא،אאאאKא
אאאK

א א א   Kאאא
KאאאאאK
١אאאאKא

אאאאאK
אאאא א Kא אא  K

אאאKאאאאKאאאא
אאאאK

אאאאאW
J אא
J אאאאאא 
J אאאאא 
J אK 



٢٥٥ א אא 

 אא אא 
 
 

- ١٠١ - 

٣K٥אאאא
א  א     א  א  K  א 

אאKאאאא
אאאאאאK

אאאאאאK
אאאאאא

אאאKאא(Arcing Faults)
אW

١K א
٢K  
٣K אא 
٤K אא 
٥K אK
٣K٥K١אאאFE

אF٣ ١٠  E א א א  א אא 
אKאאאא

  א א  א      א  א א א
אאאאאKאאאאא

 א K א  K 
אאאאK





٢٥٥ א אא 

 אא אא 
 
 

- ١٠٢ - 


F٣١٠Eא

א א       א א  א  
אאאאאאאK


אF٣١١אאאאא

אאאK
אא א א א 

אKאאא
אאאאK




F٣١١Eאאא

 مرحل الأرضي

 مرحل الأرضي



٢٥٥ א אא 

 אא אא 
 
 

- ١٠٣ - 

٣K٥K٢אאא
 א א א א א א  א א  א 

אאאאאאKאאא
אאאאאא 

אאKאאא
 א    א א א   א א K

אF٣ ١٢ K E א אא אF 
١٥٠٠ אאאא٢}٠ 

٤٠٠٠ א٣٣}٠ Kאא٤٠٠٠ 
א٣٣ אאא٥ K




F٣١٢E

אאאאא
אאא(Core Balance Transformer) Kאאאאא



٢٥٥ א אא 

 אא אא 
 
 

- ١٠٤ - 

אאאאאא
א  א  א  א אא   אא  א 

 אא אא  K       א  א  א 
אKאאאא

אאאאאאאKאאא
אאKאאאא

א   K  א א  א   
אאאאאאK



٢٥٥ א אא 

 אא אא 
 
 

- ١٠٥ - 

٣K٦אאאא
א  א  אא אא   א      א

 K אF٣ ١٣ E א א אא K אS١  א R١ 
אKאS٢ אR٢ K

אאאאאאאK





F٣١٣Eאא
 

υ

N 

L١ 

S٢ 

R١ R٢ 

F١ 

S١ 

M
M١ 

محرك المروحة



 

 

 

אאאא  

 

אאאא  

אאא
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אאאא 





א


א





٤



٢٥٥ א אאא 

 אא אא 
 
 

- ١٠٤ - 

אאWאאאאאK


אאW
אאאאW

١K אאאאאKK
٢K אאK 
٣K אאא


אאאWאא٨٠K٪


אאW٤FLE


אאW

٣K אאאאאK
٤K אאאK


אאW


١K   אא אא אא    

אאK
٢K אאאאK



٢٥٥ א אאא 

 אא אא 
 
 

- ١٠٥ - 

אאאWאאTransformers Protection  
٤K١

אאאאאא
א Kאא٥}٢ MVAאאא 

אאא א ٥}٢ MVA to ٥MVA א 
אאאW

١K א א    א א  א א א א א
אK 

٢K  אא א א א( Harmonic Biased Differential Protection)
 א    א א א א א (Induction Disc 

Relay)K 

٤K٢אאFault Types and their Effects    
  א   א     א אא  K

אF٤١EאאאאW

١K FEאאאK 
٢K FEאאאK 
٣K אFEאאK 
٤K אFEאאK 
٥K אאאK 
٦K FEאאאK 
٧K FEאאאK 
٨K אFEאאK 
٩K אFEאאK 

١٠K אאאK 
١١K אK 
١٢K אK



٢٥٥ א אאא 

 אא אא 
 
 

- ١٠٦ - 


F٤١Eאאא

٤K٣אאDifferential Protection  
אאאאאאאאK

אאאאאאKא
אאאאא

א אא K א    Unit protection  א א
Differential protection א אאאא Bus 

bars K



٢٥٥ א אאא 

 אא אא 
 
 

- ١٠٧ - 

٤K٣K١אאOperation Theory  
אאMerz – Price Kאאאא

אאאאאאאא
 Kאאאאאא

אאאKF٤٢EF٤٣E


 
F٤٢EאאFאE


 

F٤٣EאאאFאE

R

الوحدة المحمية
If 

C.T
١ 

C.T٢ 

If 

I١ 

I١ 

I٢ 

I٢ 

I١ – I٠≠ ٢ 

R

الوحدة المحمية
If 

I١ – I٠= ٢ 

C.T
١ 

C.T٢ 
If 

I١ 

I١ 

I٢ 

I٢ 



٢٥٥ א אאא 

 אא אא 
 
 

- ١٠٨ - 

אF٤٢Eאאאאאא
א  אא Kאא אא א

אאא Magnetising currents אאCT١ , CT٢ K
אאאאאא

אאKאא
 א אא   K    א א   אא 

אאאKאאW
١K אאאHigh impedance differential relays 
٢K אאאBiased differential relays  





٢٥٥ א אאא 

 אא אא 
 
 

- ١٠٩ - 

٤K٤אאאא
Differential Protection of Power Transformer 

אאאאW
١K אאאSeparate winding differential protection   
٢K אאאOverall winding differential protection    

٤K٤K١אאאSeparate winding differential protection
אאאאKא

אKאאאאאאאא
אF٤٤KEאאא

אאאא Kאא
אW

• אאאK 
• אאאאאאK 
• אK 
• אאאאאK 

F٤٤EאKאאאאC.T١ , C.T٢
אאאR١אR٢ 

 
F٤٤Eא

IS

IR٠ = ١ IR٢ = ٠

IP 

IP IS 

حمل آهربي

CT١

CT٢

CT٣

CT٤

R٢R١ 

S٢

P١ 

P٢ 

S١ 



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٠ - 

F٤٥EאאאאאK
א(IS) אאאR٢Kאאא

אS (١٠ – ٨) א Kא א
אא(Magnetising inrush current)אאFimEא

CT١ and CT٢ אאאאR١ א
אאאK



 
F٤٥Eאא

F٤٦Eאאאא
אCT٣ , CT٤ אאאא

R٢ ( IR٠ = ٢)  KאאR١אאK


IR٠ = ٢ 

im 

Im 

IS =  ٠ 

CT١

CT٢ 

CT٣

CT٤

im 
R

S

IR٠ = ١ 

S٢ 

R

P١ 

P٢ 

S١



٢٥٥ א אאא 

 אא אא 
 
 

- ١١١ - 

 
F٤٦Eא

F٤٧EאאאאX FאKEאא
אאאאאאCT١ , CT٢ אא Kא 

  א  Z  I٢   I١ א  א   א  K
אI١ , I٢ אR١אאK


F٤٧Eאאאא

 אאאאא
אאאאאאאאK

אאאאאאF٤
٨KE

P٢

P١ S١

S٢

R١ 
R٢

i١ 

i١

i٢ 

i٢

 i١+i٢

 حمل
 آهربي

x

Z 

if 

IR٠ = ١ IR٠ = ٢ 

IfP 

IP If 

حمل آهربي

CT
١

CT٢ 

CT٣ 

CT٤ 

If 

R١ 
R٢ 

P١ S١ 

S٢ P٢ 



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٢ - 






F٤٨EאאLא


אאאאא
א אא א א K א   א א 

אK
אאאאW

• אאאאאK 
• אאאK 
 Kאאאא •

אאW
• אאאK 
•     א א   א א     

K
٤K٤Kא٢אאOverall differential protection 

  א     א  אא    
אאאF٤٩E،F٤١٠E،F٤١١EF٤

١٢KE



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٣ - 


F٤٩Eא




F٤١٠Eאא



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٤ - 


F٤١١Eאאאא


F٤١٢Eאא


אאאW

• אאאאאאאאאא
אאאאKKKKKKKאK 

• א א  א א א אא  א  א א 
K 

• אאאאCT١, -

CT٢ אK 



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٥ - 

• CT١ , CT٢ אאא
אאאאאאK 

١K אאאאאאCT١ , 
CT٢ אאאאK 

٢K  Υ ∆אאאא٣٠ºאאאא
א∆ΥK 

אאאאאא
אאKאאΥ∆ א∆
Υאאאאאאא∆אΥ

F٤١٣KE


 
 

F٤١٣EאאאאאK
אא אא  אא א  אא

אאאאKאא
Kאאא

אאאאאK



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٦ - 

W
אF٤ ١٣Eאאא٥٠٠ MVAאא

٥}٣٤ kV אא٥٠٠ kV KאW
١K אאCT ١ , CT٤  
٢K אאאאאאAאאK

א
אאאW

Ia = 
0577.35∠  =  

X1000 500 X 3
X10  500 6

 
אאFאA E

Ia∆ = 
o∠30 8367.165  =  

1000 X 34.5 X 3
10 X 500 6

 
 

אאאCT١W٥ / ٩٠٠٠


אאאCT١ A  4.65  = 
1800

8367.165



  א  א א    א CT١ 

A     j2.325   +   4.026    =   ∠30  4.65 o
 אא אא  (A ٦٥}٤)א

CT٤ אא٦٥}٤)√( ٣ / K
Ia = ٣٥}٥٧٧ A  

 אא CT٥ : ١٦}١٠٧٧ = (٦٨}٢ / ٣٥}٥٧٧) - = ٤   
אאCT٤ ٥ : ١٠٠٠ K 

אאאאCT٤A  2.88  - =  
200

577.35
 -=

אאאאא497.2j+3249.4=30∠3 2.88 - = o




٢٥٥ א אאא 

 אא אא 
 
 

- ١١٧ - 

אאא = I١ – I٢٩٨٩}٠ = ٢ + j١٧٢}٠ A      
 

So,  K١ = │I١ – I٠٫٣٤٤ =│٢ A 
 

But,        [(I١ +I٢ ) / ٢ ]=  ٤٫١٧٥٤٥ + j ٤٫٨٢٢ 
 

So,  K٢ =  │(I١  + I٢ ) /٦٫٣٧٤ = │٢   A 
 

So, K١ / K٤}٥ = ٠٥٤}٠ = ٣٧٤}٦ / ٣٤٤}٠ = ٢ % 
 

א א   א   א א     
א،אאאK٤}٥ % K = ١٠ 

%K




٢٥٥ א אאא 

 אא אא 
 
 

- ١١٨ - 

٤K٥אא
אאאאKאF٤K١٤E

אאא
 




F٤١٤Eאאא


٤K٦אBucholoz Relay   
אאOil – filled transformers 

F٤ ١٥ E א א א   א conservator א א 
אאAlarm אאK

،אאאאאאאאאאאא
אאאאאאא

אאאאאאאאאKאא
W

١K א  א א   א א א K
אאאH٢ 

 א CO K  א     א א 
  א א K  א א   אא  א



٢٥٥ א אאא 

 אא אא 
 
 

- ١١٩ - 

 אא  א אF א א KE  אא   א  
אאאאאאK 

٢K  אא  Fא אא 
אEאאאאא

א אא אאא  אא Main circuit 
breakerKאאאאF

אאאאO/C relay KEאאא
אאאאK 

  אא אא      א אא   
אאאאאאא

  א    א א Preventive maintenance  Kאא
א א אא א א   א א א  H٢ א

אCO אCH٤ אC٢H٦ א C٢H٢ אCO٢ K
אאאאאKאא

 א אArcingא אא K א  CH٢ , C٢H٤ , 
C٢H٦, CO٢ Hot spotsאאK








٢٥٥ א אאא 

 אא אא 
 
 

- ١٢٠ - 




F٤١٥E




 

 

 

אאאאאא  

 

אאאא

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א
א

א







٥



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢١ - 

אאWאאאאאא


אאW
אאאאW

١K אאאאאאK
٢K אאאאאK 
٣K אאאאK 


אאאWאא٨٠K٪


אאW٤FLE


אאW

١K אאאאאK
٢K אאאK


אאW


١K אאאK
٢K אK 
٣K אK



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٢ - 

אאWאאא
٥K١

 אא  א אא   א א (prime Mover)
אאאW


• א١٠kVA – ٧}١ MVA                   
• אא١٠MVA – ١٥٠ MVA                  
• א١٠٠ MVA – ٦٠٠ MVA             
• א٥٠ MVA – ٣٠٠ MVA       


  א אא     א א    

F٥١KEאאאאא
אא אאא  א

F٥٢KE


F٥١Eאאאא 



G١ 

G٢ 

G٣ 

 إلي الشبكة

CB 

CB 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٣ - 

 
F٥٢Eאאאא 

٥K٢אאGenerators Faults
٥K٢K١אא Mechanical Faults   

אאאאאW 
• אK 
• אאK 
• אK 
• אאאK 
• אאאאK 

אאאאK
٥K٢K٢אאElectrical Faults    

WאאStator Faults  
אא א  אא  א א   א    K

אאאאאאKא
אאאאKאא

אאאW
• אאאK 

•   א א א אאאא א א א
אאאאK 

• אאK 
 
 
 
 

١٣٨ kV

Υ 

١٣٫٨ kV

∆ 

G 
 إلي الشبكة



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٤ - 

WאאאRotor Faults 
אאאאאW


• אאאOpen circuit  

• אאאאאאאאאאא
אK 

• אאאאKאא אאא
אאW 

١K אאא٥٠٠ V אאא٨}١٣ – 
٢٣ kV K 

٢K אאאאאאK 

٥K٢K٣Other generators faults   
אאאW

• אאאאא Over load    
•  א   under frequency   א  א א 

אאאK 
• א א  א K א

אאאK 
• א אא  אא א

אאK 

٥Kא٣אאStator Main Protection
٥K٣K١אא Differential Protection  

א אא     אא א  א א  א א
אאאF٥٣KE 

 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٥ - 


F٥٣EאאאאאK

 
אאFאאEאא

  split winding  K   א א א  F٥ ٣ E
א אא  K א    אא

F٥٤KE 

Phase A 

Phase B 

Phase C 

CT١ 

CT٢

CT٣

CT٤

CT٥

CT٦

Ia

Ib 

Ic

אא



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٦ - 

 
F٥٤Eאאאאאאא


٥K٣K٢אאאאא

Stator Protection by Earth Fault Relays
אאאא א 

אאאאאK
אאאאאאHigh resistanceK

אאאאא،
אCTאאאאKאא

אאאF٥٥KE
אאא

potential transformerKאא١٠ ,٥ kVAא
א٥٠٠ ,١٠٠ VKאאאא

א ٢٠٠ ,١٠٠ ΩKאאאאא
אא١٠ AK

Phase A 

Phase B 

Ia / ٢ 

Ib / ٢ 

Ic / ٢ Phase C 

 الوقاية إلى
الوقاية  إلىالتفاضلية الأساسية

التفاضلية الأساسية

 N : ١  ٢N : ١ 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٧ - 

אאאאא
אKאאאא١٠ V KF٥٦E

אאאK
WאאאאInstantaneousא

אאאK 


F٥٥Eאאאאאא


F٥٦Eאאאאא

مقاومة تأريض

C

A

B

C B

 محول رفع الجهد

R١

R٢R مرحل زيادة  
 الجهد

 لمولدملفات ا

 التيار مرحل زيادة
من النوع الفوري 

 مقاومة تأريض
 ةعالي

R

Phase 
C

Phase 
A

Phase 
B

 مرحل زيادة التيار
للوقاية ضد القصر 

 الأرضي

ملفات العضو الثابت

Ig 

Ig 

CT

Ig 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٨ - 

٥K٤אאאא
אאאאא

אאVoltage controlled O/C Relay  Kאא
אאאאא Kא

אאאאאK
אאאא

F٥٧KE
א א א  אא

אKאאאאאאא
אF٨٠ %אKEאא

א  א א  א      ٨٠ % א 
אא K אא

אאאK





F٥٧Eאא 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٢٩ - 

٥K٥אאא
אאא

אאאאאאאאK
אאאאאThermal Relay 

K
א    אא א אא   א א  

Thermo - CouplesאאKאאאא
Recording Devices אאאאאK

אאאאאאאא
אאאאK

 



 

 

 

אאאאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א
א

א





٦



٢٥٥ א אא 

 אא אאא 
 
 

- ١٣٠ - 

אאWאאאאא


אאW
אאאאW

١K אאאK 
٢K אאאאK 
٣K אאאאK 


אאאWאא٨٠K٪


אאW٤FLE


אאW

١K אאאאאK 
٢K אאאK


אאW


١K אאK 
٢K אאאאאאK



٢٥٥ א אא 

 אא אאא 
 
 

- ١٣١ - 

אאWאא
٦K١

א    א א  א   א 
אאאאKאאא

אאאאאאאאK
אאאאKאא

אאאאאא
אאKאאאאאאא٨ – ٧ א

 א א K א   א א   אא א 
٦ – ٥  אא אאא٨٠ % 

 אאא אא א
אאאאK


٦K٢אאאאאPossible Motor Faults

אאאאאW
١K אאאאאK 
٢K אאאאאK 
٣K אאאLocked rotor   
٤K אאUnbalanced power supply   
٥K אUnder Voltage    
٦K אUnder current 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٣٢ - 

٦K٣אאאא 

Protection of medium size motors (٣٠٠ HP – ١٠٠٠ HP)


אאא١٠٠٠ HP 
٦٠٠ Vאא٨}١٣ kV  KF٦

١Eאאא١٠٠٠ HP K


 
F٦١Eאא١٠٠٠ HP


٦K٣K١אאא

אF٦١EאאאאFover 
load Eאאheating element  א
אK

אאאאאא
F٦ ٢ KEאא١٠٥ % א

אKF٦ ٢Eאאאא 

M 

٣-Φ 
supply 

Fuse Fuse 

start 

stop 

O/C 

O/C 

Fuse 

مرحل زيادة جهد 
مرحل حراري التيار مرحل زيادة التيار التتابعية السالبة

R 



٢٥٥ א אא 

 אא אאא 
 
 

- ١٣٣ - 

١٠٠٠ Sec ١٧Kא٦ אא١٥ K
א אא

אKF٦ ٢Eאאא٥}٢ א
  א א  א   ( over current O/C relay) א 

אאKא١٨٠  %אK
אאאאאאאא

אאאK





F٦٢Eאאאא
אאאא

אא٤٪ אKאאאאאאא
אאאאאאאKא

אאאאאאאא
א א  K  א א א א     



٢٥٥ א אא 

 אא אאא 
 
 

- ١٣٤ - 

אאאאKאאא
אאאאאאK

אאאאאא
א  אאא אאא אא א  K

א    א  אא   א  אא  אא  
 ٢ – Φ  Kאאאאא

٢٥٠ % אאKאא
אאאאאאK

 א   א א א  א  א F  א
אאאKEאאאאאאאאאא

W
١K אאאאאKא

אאK 
٢K  contactors  א א   א א א א 

אא(High rupture capacity fuse (HRC))K 




٢٥٥ א אא 

 אא אאא 
 
 

- ١٣٥ - 

٦K٤אאLarge motor protection  
 א א א      א א  F

 א א א    ١٠٠٠ HP  E א  
F٦٣KE




F٦٣Eא٥٠٠٠א HP 

אאW
• אאאאאאאאאCircuit 

Breakers  א א  Instantaneous O/C relays א  
אאKא١٨٠ % אK 

• אאאearth fault 
relay Kאא٤٠ - % ١٠ % אאK 

•  אאאא א א   א
אK 

Fuse 

R

R

RR

R
R

مرحل للحماية ضد تيار 
 القصر الأرضي

 مرحل زيادة
 التيار الفوري

 المحرك

٣-Φ 
supply 

CB 

زنق مرحل للحماية ضد 
  الدوارالعضو

 مرحل 
 حراري



٢٥٥ א אא 

 אא אאא 
 
 

- ١٣٦ - 

• אאאאLocked rotor relay K
אאאRolling plants אאאא

אאConveyorsאאKא
אאאאאאFאEא

אK 
• אאאאאאUnder current relay Kא

אKאאאאאK
אאאאאFEא

אאאKאא٤٠ % אאK  
 



٢٥٥ א אא 

 אא  

 
 

- ١٣٧ - 

• Electrical Machines Devices and Power Systems, ٣rd edition Prentice Hall, 

١٩٩٧. 

• Electrical Power Systems, J. M. Harison, Prentice Hall, ١٩٩٦. 

• Application Guide for Industrial Generator Protection, GEC Company, ١٩٩٥. 

• Transformer Protection Application Guide, Basler Electric Company, ١٩٩٦. 
• Application Guide Lines for Protection of Industrial Three Phase Motor, 

GEC Company, ١٩٩٥. 
• A.R.Van C. Warrington, Protective Relays; Their Theory and Practice, 

Volume Two, Third Edition, London, ١٩٧٧. 
 
• א،אא א

،،אאאאא١٩٨٧K 
• ،אאא א ،    א א   

،K 
• א،א א،א אא  

،١٩٩٦אK 




٢٥٥ א א 

 אא  

 
 

 

אא
אאWאא

١K١KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤
١K٢אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥
١K٣אFאEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٨
١K٤אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٠
١K٥אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١١
١K٦אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٣
١K٧אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK١٨
 

אאWאאאאאא
٢K١KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٠
٢K٢אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢٠

אאWאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٢١
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٢K٣K٤אאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣٢
٢K٣K٥אאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٣٥
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٢K٤K٣אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤٢
٢K٤K٤אאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٤٥



٢٥٥ א א 

 אא  
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JאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥٤
JאאאאKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK٥٧
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