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،،אא،אW


אאאאאאאאאא
א א א א א   א א  ،א   

אאאאאא
،אאאאאא

אאאK


אאאאאאא
  א        ،א אא  

 א ، אא א אא א
א،אאאא
אאאאאאאאאאאאא

      א  א   ،א  
אא،אאK


 א א   ?א א  ?  ?  ?

אאאאאאאK


אאאאאאא
،א،אאאא

אאאאאK


، א אאא
אK


אאאא
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אאאאאK
אאא א  א

א א  אאא
K

א א  א אא      א
א א אאא

אאאאאאא
אאK

א א   א א   א  א  א 
אאKאאאאא

אאאאאK
אא אאאא

אאאאאאאKא
אאאאאאאא

אאאאאאא
K

 א א אא     א א   
 אא אא  א א   א  

אאK
אאאאאK

אאאאK


אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK


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אW
אאאאאאאא

אאאאאאאאאאK


אאW
אאאאא

אאאאאאאאא
אאK


אאאW

אאאאW
• אאאאאK 
• אאאאK 
• אאאאאאאא 
• אאאאאK 
• אאאאK 
• אאאאאאK 
• אאאאאאאK 
• אאאאK

Wאא
אW٢٥٥

W
אאאWאא

FLWE٣
אW٤F٢H٢E
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אאWאא


אאW
אאאאW

١. אאK
٢. אאאאאK 
٣. אאאאאK


אאאWאא٩٠K٪


אאWFLE


אאW

אאאאאK


אאW
אאאאאK
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١K١א
אאא

אאאאאאאאא
אK 

  א א א    א  
     א  א א  אא  

אאאאאאKאאא
אאאאאאאא

 א א א א א  א א א  א א
אאאא

EKאאאFאאא
א אא א   א     א 

אאאאא
אאאKאא

 א  א   א א  א   א
א א אא א  א  א אא א א K

אאאאאאא
אK

אאאאאאאK 



٢٥٥ א אא 

 אא אא 
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١K٢אאאא
אאאאאאאK


•  FNormalE א א   א אא  א 

אאאK 

•  FRelays E א א  א    א אא  

 אא   א   ،א א א א א
אאAbnormal FאאאKE 

 
• אNormally Open Contact (NOC) אא

א  א K  אא א
אאאKאאא

אאאאאאא
אאאK 

 
• Normally Closed Contact (NCC)אא

אאKא
אאKאF

א אE   Fא א  E   K 
אאאאKא

אא         א א K  
אאK 

 
• אא Primary Relays 

אאאאאK



٢٥٥ א אא 
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אאSecondary Relays      
אאאאאאאK


• אא Electromagnetic Relays    

אאאאא
אK

• אאStatic Relays     

א  א א   (semi-conductors) אא  
אאאאK

   א א אאא(slave devices) 
אאאאK


• אאMain Relays     

אאK

• אאאא Back-Up Relays    

אאא אא  
אאאK


• אSelectivity     

 א   FאE  אא א א  א 
אאא،אאא

אאאאאאK 
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אSensitivity         
 אאאאאאK
• אConsistency     

אאאאK

• אOperating Time 

  א א א א א
Kאאאאא


• אאInstantaneous Relays    

א  א א א Fא   E    
א١٠K


• אאTime-delay Relay   

אאK

• אOver Current Relays  

א  א     א אא  א   
אאW


١KאאאאDefinite time-Current Relay

אאאאאאK


٢KאאאאInverse-time-Current Relays
אאאאא

אא( I . t = k) אאK
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٣Kאאאאא
Inverse-definite time Relay                                                              

אאאא
אאאK 


١K٣אFאE 
        א א   אFא  E

אאאאאא אא
אאאK

א، 
אאאאאאאאK

א א   א    א    K  
אאאאאאאאאאא

אא K    א   א F١ W٢ E٪ א א 
אK

אאאאאא
אא א א

אאא“Electric Brain”Kאאא
 אFא Eאאא א א 

 א   אא  א א  א    
אאK
אאאאאאאא

אאKאאאאאאאא
אאאאאאKאאאא

אאא Kאאאא
אאאא

אאאאKאW

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 אא אא 
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١K אאאאK 
٢K אאK 
٣K אאאאאאאK 
٤K אאאאאK 
٥K אאאאאאK 


א

    Fusesאא •
• אאא Circuit Breakers   
• אRelays 
• אאLightning Arrestors 

א  אאאאאאא 
א אא אאא אאא

אאK
אאאאא

א א   א  א א   K
אאאאאא

 א  אFא KEא א א  א  
אאאאאאאאאFאאKE

א  א א      א   א 
אאאאא

אאK




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 אא אא 
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١K٤א
 אאאאאא

   אא   ، א א א  א 
Fא  KE א אא(Distance Relay type reactance)

אאאאאאא
 א א א אא א א 

(Cos Φ)אא )
φSin   

I
V

( ٢٪
אאאK

א   א    א א אא   
אאאא

אא(Potential Transformer) א(Current Transformer)
אW

١K  א א   א א     
אK 

٢K אאאאאאאאאK 
٣K אאאאאאK 

א אא א אא אא אא
א      K א   א  

 א אא   א   א אא  א 
 אאא  אא

אאאK
         ( Sensing element)

  א( Control element)  Kא א  א 
אאאאאאא

אאKאאא
אאאאK

אאאאאא



٢٥٥ א אא 

 אא אא 
 
 

- ١١ - 

אאאא
אK

١K٥אאאא
א(Protective Relays) אאאא

אאאאאאאאא
אאאאFאEאא

FאEאאK
אF١١Eאאאאאאא
 K א א א (Bus-Bars) א   (Feeders)

אאאאKאאאאאK
אאאא אאאא

 א א אאFא Eאאאא
אאK،אאאא

אאאאא
אאאא(Trip Coil t.c.)אא(auxiliary switch)

א Kא     א  א   אא   
א אKא א   א אא

אW
אא א  א אא א  א אא 

אאאאא Kאאאא
אאאא

א  א א    א א  א א
     א  א  א 

אאאאאK
 א אא (L/R)א 

אאא،אאאאאK
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אאאא(a)אא
אא(rest)Kאאא

אאאאאK 


אF١J١Eאא

 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 
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١K٦אאא
א  אאאאא א

אא K אאאא  
،א א  א א אאאא

 א א א    K  א א  
אKאWאא

אאאאKאאW
١K٦K١אSelectivity    

אאאאאאא
א אא א   א א Kא  א  א  

אא אא  אא אא אא   K
אF١٢E

،K



F١٢Eאאאאא


א

G G 


אא 


א
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אאאאאאא
א    א   א א א K   א 

אאאאאאK
 אא FאאEאא א

אאאKא،
Kאא( over lapping)א

אK 
אא  אא א  

 א א  א K א F١ ٣ Eא  א  
 א א  אא F١ ٢ KE א  F١ ٣E א א

אאאא
אאאMetal clad typeא

אאאאאאאאא
אאKאF١٤E

אא א K
א אKאאא

אאאאאאאאK
א١אאאאא٢

אא٣٤א٥
אK





٢٥٥ א אא 

 אא אא 
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
F١٣Eאאאא




F١٤Eאאא






٢٥٥ א אא 

 אא אא 
 
 

- ١٦ - 

١K٦K٢אSpeed of operation 
א אאא،א 

אאאאאא
אאאאKאא

א  א א    א   א א 
אאאאK

אאא
א   א א א  א א  אא  

א   א    א    ،א  א
،،אאאK

אאאאא
אאK

 א א  א   א א א א  
F١}٠١٢}٠EאKאאאא١٥}٠

٣}٠אאאאא٥}١٣אK
א א  א אאא  א 

אאא
אאאאא،א א

אאאא،אF٠٦}٠١٥}٠E،א
٢}٠אא٠٥}٠١٤}٠א

אא١٢}٠א٠٨}٠א
 ٠٤}٠א   א   ١}٠ ٢}٠   א

א א ٠٢}٠٠٤}٠א K  
      א      א א א

אאאאK 



٢٥٥ א אא 

 אא אא 
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١K٦K٣א      Sensitivity 
אאאאK

אאאFאאEאאאאKא
אאאאאא

א  א אא  K א  א     א א
אאאא(Back – up protection)K


١K٦K٤אReliability       

א  א    א    א  
אאאKא אאא

אK
   א א        א 

אאאאאאאאא
א  א  אא        א  

אK
   אא א א  אא   
Kאאאאאאא

אK 


١K٦K٥אא   Stability     
     א    א אא  F E

 אא    אא   K  
אאאאאK 





٢٥٥ א אא 

 אא אא 
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١K٧אאאאMain and Back-up Protection
אא אא

א אא     א  א א  א  
אאאאאאאא

 א   א א K F١ ٤ E    
אK
אא  א א  א א  א אאא 

،אאא
אאאאW


١K אאאאאK 
٢K אאאK 
٣K אאאאK 
٤K אאאאאK 
٥K אאאאאאK 





 

 

 

אאאאאאאאאאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 


א
א

א


א





א





א


٢
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אאWאאאאאאK


אאW
אאאאW

١K אאאא
٢K אאאאאK 
٣K אאאאK 
٤K אאאאאאאK 
٥K אאאאאאK


אאאW

אאא٩٠K٪


אאWFLKE


אאW
 א א אא אא  א

  א אא אא    א   
אאאאאK


אאW

אאאK
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٢K١
אאא אאאא

אאאאאאאא
אאKאW

١K  א אא    א      
אאאאאK 

٢K  א        א  א  F
אEאאאאאK 

 
٢K٢אאאComponents of Protective System
  אאW
١K אא Fuses                 
٢K אאאCircuits Breakers (C.B.)          
٣K אRelays                   
٤K אCurrent Transformers (C.T.)        
٥K אPotential Transformers (P.T. or V.T.)     
٦K אאLightning or Surge Arrestors      
 

אאאאאאאאK
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אאWאא  Fuses
٢K٣אאFuses
٢K٣K١

א א א א   א א   א א
א  א  א  אא،אא

K
א   אא   א 

אאאאאאWאא
אאאאא

א١٥٢٠א
אאK

אאאאא
אKאאאאאא

 K אא  ١١٠ ٪    א א  
א،אאאא(Transient 

Recovery Voltage)אא  K א ( Interruption Capacity)
אאאאא

אאK
אאאא
• אFuse holder      
• אFuse base         
• אFuse carrier     
• אFuse link          

אאאK
אאאאK



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١KאFuse link        
  א א      אאא 

 אא(Cartridge)  אא א    (Arc 
Extinction)אאאאKאא

   א א  א  K א א   אא א
 א   element  Kא א  

K
٣K אאאCurrent Rating 

אאאאאאא
Kאאא (In)אא

אאK
٤K אא(Minimum Fusing Current)      

אאKאאא
אLאK

٥K א(Fusing Factor)     
אאאא

אאאW
אFZאאLאאEאא

٦K אPre – Arcing Time    
א  א א א    א  אא  א 

אאK
٧K אArcing Time  

אאאאאאאK
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٨K א 
   א א   א     א א  

אLא   א  א א  א א  אK
אאאW


אאאZאHא


٢K٣K٢אאא

אW


١K אאאאא
אאK 

٢K אאאאאאאאK 
٣K אאא(Recovery voltage)K 
٤K אאאאK 
٥K אאK

٢K٣K٣אא 
אאאאאאאW

١Kאאא Powder Filled Fuses        
אאאאאאא

K



٢٥٥ א אא 
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٢KאאאMiniature Fuses      
אאאאאאאאאאK

٣KאאאSemi-enclosed Fuses         
אאK

٤KאאExpulsion Fuses             
٥Kאא Power Fuses                

 א         א   
אאאאא(Liquid quenched fuses)

٦Kאאא Distribution break Fuses
 א      אא      

אאK 
אאא

• א٦٦٠K 
• אאK 

אאאW
 
Kאאאא( Non-Current Limiting Fuses)

Kאאאא(Current Limiting Fuses) 
Kאאאא( Non-Current Limiting Fuses) 

א א     א  אא  א    K
אאW

١Kאא( Expulsion Fuses)     
א    א    אא   א  

   ،א Kא   א א  א א  K
 אא אאא(٥٠٠٠ – ٤٠٠٠ ºK) א  א א

 א א א  אא   א   א  
 אא אאא אא
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אאאKאאאא
אK

א אא א   א א  אא  א א 
אא( Pole – Mounted Transformers) א٣٠٠٠

 K   א  אא   אא  א  
א   א אא א  Kא א   א 

אאאאאאא
אאאא

אK
٢Kאאא( Vacuum Fuses)        

אאאא
א    אא     א א א א א

אאאKאאאא
אאאאאKאאאא

אאאאאאK
Kאאאא(Current Limiting Fuses) 

 אאא אאאא אא
אאא( Prospective Peak Current) אא

F٢١KE(ID)אא(Cut - Off Current)א
 א K  א  אא  א    אאא א

א Kא אא א א   א    
אאאאאאאא( I٢ t)K
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F٢١Eאאאא


אאאאאאאא

 א א   א  א     אא  
א K      א א   אא ( High 

Rupturing Capacity – HRC- Fuses)K
אאאא

Fא  E          Kא 
  א     ،אא    א א א

אאאאאאאK
א א א א      ( Dual Element)K

אאאKאא
  א F٢٢ Eא א    Kא  אא

אאאאאאא

I 

T 

tc 

tatm 

ID

Ip 

Irms

  = tm     الانصهارزمن 
    = ta  زمن دوام القوس

 =   tcزالة القوسزمن إ

 المتوقع عظمى لتيار القطعالقيمة ال
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אאKאאאKאאאא
אאאאאאK




 

אF٢٢Eאא


אאאאאאא
 א א    א  א א א א K 

אאאאא
אאאאאF٢٣KE

אאKאאאא
אאK


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


אF٢٣Eאא
אאא  א،א   ،אאא 

אא א אאא א אא K
   א א     א    א 

אאאאאאא
W

• אאאK 
• אאאאאאא

אאאאאאאאאK 
•  אאא Fאא  E אא    א

אאאKאאאIEC – ٢٨٢ אאאאאK 
א • א אא אא   

אאK 
אאאאK

٢K٣K٤אאאא
א    א א א א  IDא  א א

  א אא אF٢ ٤ KEאא
 א א א  א א  א א F    אא   א

אEאאאאKאאאאאא
٢٠ kA   א א ١٠٠ A  א   ،F٢ ٤E א  א
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אא٥}١١ kA٨}٥٣ kA אKא
א ٢}٤ kA K

 


אF٢٤Eאאאא


אF٢٥ E F٢ ٦ E אאא   

אאאאאאאאKא
אW
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אF٢٥EאאאאאF٦٦٠E




٢٥٥ א אא 

 אא אאאאאא 
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


אF٢٦Eאאאאא( ١١ kV)


Wאאאאאא ( ± ٥ to ١٠ 
% )   K א אא

אK


Wאאאאא
   א( Imin)א( ٥}٢ to ٠}٣)א

אK




٢٥٥ א אא 
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٢K٣K٥אאא


 א     א  F  E     אא
אF٢ ٧E،אא( I٢tc)٢אא
א( I٢tm) ١אא Kא١א

אאאאא٢K 
 


 

אF٢٧Eאאא


אאW
١K אא   א  א א א  (Selectivity Ratio 

Tables)א א  Kא א  א    ١א א
٢א٢٥}١ : ١ and ٣ : ١ Kאאא

אאאאאאK 
٢K א א אא א א  א  א Fא E

אאאאא Fאא Eאא
אאאא١אא

٢

tc 

tm 

١
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٢אF٢٨KEאאאא
K 

 


אF٢٨Eאאאאאא

 
٣K אאאאאאKאאא

 אא א אא   א א   
אFKEאאאF٢١Eאאא

א  א א( I Nmin)   אא א  ( 
Magnitizing Inrush Current) אאא א( INmax)

 א א  א     א   א  
אKאאK 

 א F٢ ٢ Eאאא  א א F٤٠٠ V Eא אא
אאאF١٢ – ١٠ kVEאאK

٢

١

١٢

منحنى الانصهار

منحنى الإزالة

I

t
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F٢١E 
אאאאאF١٢ – ١٠ kVEאא 


אFkVAEFEINminFE INmax 
١٦ ٥٠١٦
١٠٠٢٥٤٠
٢٠٠٤٠٦٣
٢٥٠٢٥٦٣
٤٠٠٦٣١٠٠
٥٠٠٦٣١٠٠
٦٣٠٦٣١٦٠
٨٠٠١٠٠٢٠٠
١٠٠ ١٠٠٠٢٠٠

 
F٢٢E

אאאאאאF٤٠٠ VEאאF١٢ – ١٠ kVE



FE 

١٢٥١٦٠٢٠٠٢٥٠٤٠٠٥٠٠ ٨٠?٨٠٠١٠٠٠ 


FE 

٦٠٢٥٢٥٤٠٦٣١٠٠١٠٠١٦٠١٦٠٢٠٠

 
אאאאK

 
•   F٢ ٩a W E  א F٢ ٢ E א א    א 

٤٠٠١٠٠KאF٢١Eא
אאK 
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• F٢٩bWEאF٢٢Eאא١٦٠
 KאF٢١E١٦٠ אאF١٠٠Eא

אאאאK 
• אF٢٩cWEאאאאא٢٠٠K

אא٤٠אF٢١Eאא
א  א  F٦٣  KE א א א   א ٢٥٠ 

אא٦٣אאאאK 
 

 
 

אF٢٩E 
٢K٣K٦אאאאא


אאW

١K F٢١٠Eאאאאא 
J אאאFאKE 

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 
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J א١٠٠אאK 
٢KF٢١١EאאאW

J אאאK 
J א٧٠אאK 

 

 
אF٢١٠Eאאא 



≥ ١٠٠ ms 

قاطع

t 

I 
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
 

אF٢١١Eאאא
WאאאאאאF٢١٢KE




 
אF٢١٢E 


אאאאא

אF٢١٣KEאאאא
אאאKאאאאא٣٠K

١١kV 
٥٠٠kVA 
Ip =٢٦ A 

Is = ٧٦٠ A
Isc=١٢kA ٣٨٠V 

٢٠٠A

.م.مصهر ج.م.قاطع ج محول

≥ ٧٠ ms 

قاطع

t

I
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
F٢١٣Eאאאא٢א١٢


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אF٢١Eאאאא١٠٠ ,٦٣K
  א  א  א אא א  

א     א K א א   א  א א
١٠٠אא١٠٠K



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אאWאאא
٢K٤אאא
٢K٤K١

אאאא(Switchgear)
   אא  א        K
אאאאאאא

אKאאW
 
١K אW 
 

aE א( Disconnect Switches) 
bE א(Load – Break Switches)K 

 
٢ K        א  א (Circuit 

Breaker)K
אאאאאאא

אאK
אאאאW

aE    א א אא  א אא  א
אאאאK 

bE  א א  א   א    א 
K 

cE אאK 


אK
אאאא

אאאKאאא
אאאK
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א،אאאאא
אאאKא

אאא  אאאאאא K
אאאאאאאK

 א אF  E א       Kא
אאאFאאE

אאK
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٢K٤K٢אאא
אאאאאאאאW

١Kאא Rated Voltage              
אא אאFאאא KE

א א א   K  א א
אאK

٢KאאRated Frequency           
אאאאאאK

٣Kאא Rated Insulation Voltage    
אאא א א אא   Kא  

אאאאאאאאא
אאK

٤KאאאRated Power Frequency Withstand Voltage 
א אא א ( ٥٠ or ٦٠ Hz)א  K

א א  א אא  א
  Kא    ،א א א א א א א 

אK
٥KאאאRated Impulse Withstand Voltage      

אאאאאאאאK
אאאאאאKאאאא

،אאאאאK
٦KאאאאRated Continuous Current     

אאא
אאאאאא

אאFאKE



٢٥٥ א אא 

 אא אאאאאא 
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٧KאאRated Breaking Current             
 א  א א א  א א   K א א  

(٢٥}٠ and ٢}٠)אאאאא
אאאK

٨KאאRated Making Current          
אאאKאא

אאאאKאאK
 
٩KאאRated Short – Time Current     

אאאאאאא
  א א א א א א א א  K א א

 א א     א    אא  
אK

٢K ٤K٣אא
אאא،،אאא

א  K א  א K
    א א א     א א 

אK
אאאFEא(٠٠٠}١٠ to 

٠٠٠}٢٠ Cº)אא( ١٠�٥ Ω.m)Kאא
אאאאא

אאFאEאאאאאאאאK
 א  א     א  א  

אKאאאאאאK
אא אא א א א K،א א 

א، אא( ٢٠ V/cm)אא ١٠٠
אא١٠ K



٢٥٥ א אא 

 אא אאאאאא 
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אאא אאאא א  K
אא،א

אאאאFאE
אאאאK

אאאאאא
אאאאKאא

א א   א א א א א אא אא   
אאאK

אאאא
 א א F אאא אא  E א

אאאא
אK
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FEאא
אF٢١٤EאאKאא

אאאאKאאא
 אא Kא א   א    אא

אא(Blow-Out Coil)



F٢١٤Eאאאאא

FEאא
אאאא(Arc Splitters)Kא

F٢١٥EKאאאאאא
א א   א א    אא א 

אאKאאאאא
אאKאא

אאאאאאאאאK


XX

X

التلامسات
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
אF٢١٥E

٢K٤K٤אא


Wאאאאאאאא
١K אאAir Circuit Breakers                                        
٢K אאMinimum – Oil Circuit Breakers   
٣K אVacuum Circuit Breakers                               
٤K אאSulpher Hexafluoride (SF٦) C. B.  
٥K אאAir – Blast Circuit Breakers                          
 
 אאאאW
aE אF١٠٠٠ VELow Voltage C.B.                   
bE אאאF١kV٣٣kVEMedium Voltage C.B. 
cE אאאF٣٣kV٢٤٠kVEHigh-Voltage C..B      
dE אאאF٢٤٠ kVEExtra High Voltage C.B.      



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٢K٤K٥אאא
אאאאאKאאאאאא

א  א  אא  K 
אאאW


١K אא (Moulded -Case Circuit Breakers)              

      א      אא  K
       אא  א אא Kאא 

   א Kאא א  ١٢٠٠ A 
٠٠٠}١٠ א AאאאKאF٢١٦E

אאאאK



F٢١٦EאFE
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٢K אא(Low Voltage Power Circuit Breakers)   
 אאאאא (Modular Design) אא

אא Kא
  א٤٠٠٠א א  ٠٠٠}١٣٠  א    א 

אKאF٢١٧Eאאאא 
 




F٢١٧EאאFE


אאאWאאK


aE אאא(Current – Limiting Breakers)      

אאא אאא ،א 
אאF٢١٨EKאא

אאIcא(Cut - off Current)
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אא  א א Kא אא
אאאא١٠Kאאא

Fא אא  Eא אא א 
אאאאאאאK 

 




F٢١٨Eאא

bE אאא(Non-Current Limiting Breakers)    

אאאKא
٥٠אאאאK

אא Total Breaking Time (Tb)אא
אW

١K אTripping Time (Tt)אאא
אKאאאאK 

٢K אOperating Time (to) אא
אK 

٣K אאאArcing Time (ta) אאא
אאאK 

قاطع محدد 
 للتيار

 قاطع عادي

t 

I 
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אאאא
אאאאKאW
١K  א  א ( Delayed Thermal Release)  אא  

אK 
٢K      ( Instantaneous)    (Short – 

Time Delay)K 
אאאאאא

א א ( ٧٠ – ٣٠ %) א א Kא  
אאאאאאא

אאאK
אF٢ ١٩EF٢ ٢٣Eא א(tripping Characteristics)

 אא K   א א   א 
אאK 

 
אF٢١٩EאH

 

 اق فوريإعت

الحد الأعظم 
عتاق الحراريللإ

 الحد الأدنى
عتاق الحراري للإ

 )IRأضعاف التيار المقنن (التيار 

 الزمن

I٢I١
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


אF٢٢٠EאH



 

אF٢٢١EאHא

  )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    
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

 
 

אF٢٢٢EאHאH 
 

 
 

אF٢٢٣EאHHFא
אE

 الزمن

١٥≈ )IR أضعاف التيار المقنن (التيار  In

 الزمن

٠٫٥ sec 

٠٫٠٣ sec 

 IR(  I٣أضعاف التيار المقنن ( التيار 
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٢K٤K٦אאא
אאאאאאא

אKאאאאא
  א א   א   K    

אאאאKאאאאא
אאאK

אאאF٢٢٤E
אF٢٢٤Eאאאאאא

 א א א   K  א  א  א
אאאאאאK
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אאF٢٢٥E
אאFaE٢٠אא

אאא٢א and ٣ א٢א
אK

 
א א

אא
١XX 

٢XX
٣XXX

 
אF٢٢٤Eאאאא



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٥ - 


אF٢٢٥Eאא


٢K٤K٧אאא

אאאאאאאW
FEאאאOil Circuit Breakers 

אאאW
J אאBulk Oil Circuit Breakers  
J אא Minimum Oil Circuit Breakers  

 אאאא
אאאאאאאאא

אKאF٢٢٦Eאא
K





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٦ - 




אF٢٢٦EאFE


אF٢٢٧Eaאאא
 Kא אKא

Kאאא
אאאאאאאאאK 

אאאאא
 א א      א  אא  א 
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אאאאKאאא
KWאאK

אאאא،א
אאאאאאאאFF٢

٢٧bKEאאאאאK
  א א  א א  ،  א    

אא  Kאאא א
אF٢٢٧CEאאאF٥E

א٦}٤א  Kא א  אאא א
אאK




F٢٢٧Eאא

   אא       א 
אאאא  Kא אא   KאF٢ ٢٨E

אאאאאא١٢ 
kV, ٥}٣١ kA אאאא٠٠٠}١٠א

אK




٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٥٨ - 


F٢٢٨Eאאאא


FEאאאאVacuum Circuit Breakers 

אF٢٢٩EאאאאK
א ١٠�٧، 

אKאאאאאא
אKאאאא

Kאאאאאאאאא
 א   K    א א  א  א

אאאK
   ، א     א א   

אF٢٢٩Eאאא
אאאאKF٢

٣٠EאאK
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


F٢٢٩EאאFE





٢٥٥ א אא 

 אא אאאאאא 
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


F٢٣٠EאFE


אאאKאאא
א١٠٠אאא٠٠٠}٢٠אאאאK

אאאאאא٠٠٠}٣٠א
אאKאF٢٢٨Eאא

אאאא١٢ kV, ٥}٣١ kAK
אא   א א א אא    א Fא E 

אאFאSulphur Hexafluoride (SF٦)
אאK





٢٥٥ א אא 

 אא אאאאאא 
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٢K٤K٨אא(SF٦ Circuit Breakers)  
 א    א   ،אא א  א 

  K אאא٢٠ Cº ٦٫٠٧ هي L
אאאאאKאF٢٣١Eא

אאאאאאאSF٦ K


F٢٣١EאאאאSF٦אא


אאאאא( electro-

negativity)    א א Kא א א 
אאאאאאאאא

אאאK
    א א אא א   א א

אאאאאאאK
         א   א 

אאFSF٤ , SF٢ , SF٢ ,….Eא
אאאאאאאאKאאאאSF٦ 

אאאאאאאK




٢٥٥ א אא 

 אא אאאאאא 
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א( SF٦)  
אF٢ ٣٢E SF٦ אא Kאאא

א٥}٣Kאאאא
אאK




F٢٣٢Eא


אF٢٣٣EאKאFaEאאא
 (٢),(١)א א א (٣) א א(٤),(٥) א א(٦) K
א(b)אאKאאא(٣),(٤)אא

אא(٧),(٨)א SF٦ אא(٩) אא(١٠)
אאאאK





٢٥٥ א אא 

 אא אאאאאא 
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
F٢٣٣Eאא

(a)،א(b)،א(c)א


 א אאא٢٠ – ١٠ א א  ٤٠٠٠ – ٢٠٠٠
אאאאKאF٢٣٤Eאאא

אאא١٢ kV, ٢٥ kA K

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


F٢٣٤EאאאאSF٦
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אאWא
٢K٥א
٢K٥K١

אאאא ،
א   א אא    K    א 

אאאאא K א
א אא א   א אא    א  א 

KאF٢٣٥EאאאאאK


אאF٢٣٥EאאאאW
١K אK 
٢K אאK 
٣K אK 
٤K אK 
٥K אK 
٦K K 
٧K K 
٨K אאK 
 


 

F٢٣٥E

١ 

٢ ٣ 

٤

٥ 

٧ ٦ 

٨ 
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٢K٥K٢אאא
אאאאאKאא

א א א   K א  א  
אאאK

אאאאW
١K אK 
٢K אאאאא

אאK 
אאא٧אא

   אא  א א   Kא  
(interlock)א    אא    א א א 

אK

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א
א  א א  א  א   א   K 

WאאאKאאאא
١K אאא،אK 
٢K א،(VI cosΦ)K 
٣K א،אאאV/I 
٤K אא،אאאאFKE 


٢K٥K٣אא

אאW

١K אאא Thermal Relays     
٢K אאאא Electromagnetic - Attracted - Relays 
٣K אאאאא Electromagnetic Induction Relays 
٤K אאStatic Relays 


   א א א א  א א א 

אאאאאאאאK
FEאאInduction relays

 א א  א א   אא א   א א 
אא،אא

אאאK
   א א      א אΦو ١ Φ٢ 

א אא אא א א א  K  א 
אTΦو ١ Φ٢ אאα  W

T α  Φ١ Φ١ sin α 

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אα. 
אא Wאאא(shaded – 

Pole)KאאאK
אF٢٣٦EאאאאKא

א אאא אאא K
אKא_אא

אאאאאאא 
אαא٤٠º – ٤٥ º K


אF٢٣٦E


אF٢٣٧Eא،

F٢٣٨ E   א אא   א   Kא א 
אאαאאאאK

 א    א  א   א א   ،א 
K





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٦٩ - 




F٢٣٧E




F٢٣٨E



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אא
אאאW


١K אT١א،T١ = k١I٢

             
٢K אT ٢، T٢ = k١ I٠

٢                          
I٠אK

٣K אT٣א T٣ = k٢ (d/t)        


Fd EאאאFtE  א
FאKE

אאאאW
T = k١ I٢ – k١ I٠

٢ – k٢ (d / t)
אאT = 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 

אאא(Inverse – Time Relays) K 
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F٢٣٩Eאאא
אא

אאאאאא
א  א  אא  K      א 

אאאאאא
אאאאKאאאW

١K אאא א  K
אאא( Time Multiplier Setting)א

١١ & ٥}٠KאאאאK 
٢K אאKאא

אKאK 
אאאא

  ، א אא Kא
א א א  א א    א   א

אאאאKאF٢٤٠Eאא
אאאאאאא

אאאאK
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


F٢٤٠Eאאא

FE


FEאא
א א      א א א 

K
אאאא אאא

אאאאאKא
  א א א  א  

אאKאאאא
א א   א   א א א K

אאאאאא،
אK





٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٣ - 

אאאא
  F٢٤١ E  א אא K א    

אאאF١EאאK
אא א F٣Eא  א

אF٤KEאאא
אKאF٥Eא
אF٧Eאאאאאא Kא

 א א F٨ KEא א א 
F٩EאאK










F٢٤١Eא

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
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אא
F٢٤٢EאאאאאאאK

אV١FאאBEאאא
אKV١אVEאא א

אאEא C KאאV١VE אא
אאאאאאK 

 


F٢٤٢Eא


FEאאא

אאאאאאאאW
١K אאא

אאKאאF٢
٤٣KE 

٢K אאFא
C – L KE 

٣K אFאR – C KE 
 

- 

+
V١ 

B 
C 

E 

+
VE 

 ملف إعتاق القاطع

 دائرة  إعتاق القاطع
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
F٢٤٣Eאאאאא


FEאאא

אF٢٤٤Eאאאאאא
 א   א א א  F 

 א אא א א א אאC١ & R١  KE 
אא אT١ א R٢ אאא  C٢א K

 T١ א א P אא
אאTא ١אאאT٢ אאTR K

אאאאאאTh אאDאK
אאאאK 


F٢٤٤Eאא

الدخل 
من 

المحول 
 الرئيسي

R١ 

C١ 

C٢ 

R٢ 

T١ TR 

D

  المحول المساعد

T

+Vc 

P

الدخل الخرج



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٧٦ - 

٢K٥K٤אאOver Current (O/C) Protection   
אאאאאאK

אאאאKאאא
אאאK

 א א א אא  א  
Kאא אא K

א א אא 
א א K א  א   א  אא

א    א  K  א  א א  
 א א א  א א     

אF٢٤٥aKEאאא
א (Inverse – Definite – Minimum Time Relay; IDMT)K

אF٢ ٤٥bEאאאאאK
א א   א א אF٢ ٤٥b Eא    א

א،אKאא
   א  א א א א   

אאאאאאאK 

 
FaEא

عكسية فائقة. ١

 عكسية شديدة. ٢

 عكسية محددة للزمن.  ٣
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
FbE

F٢٤٥Eא
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א
אKאא

F٢٤٦KE 


F٢٤٦Eאא


אאא

א    א א    א  K 
אאW


١K אאאאF١٠٠٠KE 
٢K  אאאא F٥٠٠ kVA Eא 

א(differential Protection) K 
٣K אאא(Impedance Protection)K 
٤K אאאאאK 
 

 ةقاطع الدائر

الجهاز المحمي

-

+
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א
١K אאאאאK 
٢K אאא א אאא Kא

אאאW 
Kאא Time grading  
Kא Current grading     
Kא א א  א א  א  א (IDMT 

Relays) K 

אאאComponents of Induction Type O/C Relay 
 א F٢ ٤٧ E  א א א  א   א אK

אאאאאW
• אTap BlockWאאאאא

FאKEאאאאK 
• אShading RingWאFEאאא

אאאאאKאא
 Kאא

• אאDamping MagnetWאא
אאאאאFאא

אאאKE 
• אאTime DialWאאK 
• אSpring Wאאא،

 אא א   אא  א  K  א א 
אאאאאK 

• אC.T.Wאא
אW 
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١K אאאKא١A or 
٥A K 

٢K א  א    א אא א 
אאK





F٢٤٧Eאאא 

W ١ A ١٢٥ % א
אT.M.S = ٦}٠ K א١ : ٤٠٠  א٤٠٠٠ A

F٢٤٨KEאאK 
 

 
F٢٤٨E

R

C.B. 

F 
  ٤٠٠٠ A 
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אW


אאI = ١٠ = ٤٠٠ / ٤٠٠٠ A         
אאאI٢٥}١ = (١٠٠ / ١٢٥) * ١ = ٠ A      


אאאאאאאI / I٨ = (٢٥}١ / ١٠) = ٠  


אF٢٤٩Eאt = ٢ Seconds    


F٢٤٩E


٢K٥K٥אאDistance Relays 

אאאאאא
אKאאאאאא

אאאKאאא
  Fk I٢ E  א  א     Fk\ V٢

EאKאאאאK



٢٥٥ א אא 

 אא אאאאאא 
 
 

- ٨٢ - 
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             Z
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V  k′         I  k
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p

p

f

 

אאאאאאk′
k


אאאF٢ ٥٠ Eא  Kא א

Kאאא

Kאאאk′
k

k′  ,  kאK 
 


F٢٥٠Eאא



- R R 

X 

- X 

r =k′
k

المرحل 
 يعمل

المرحل 
 لايعمل
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٢K٥K٦אא Directional Relays   
אאאאאF٢٥٠KE

אאאאאF٢
٥١EאאאאK

אW


)θ - φ( Cos I  V =T


φאאאIאV
θאאφאK 
 
 


FEאא 



θ 
٩٠- θ 

المرحل 
 يعمل

المرحل لا 
 اتجاه التيار يعمل

  لأقصى عزم

 صفر= مسار العزم 

 الجهد
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
FEא

F٢٥١Eאאא

אאDirectional Over Current Protection  

 א א א   א א  א   
אאאאאאאאאאאאא

אאאאKאאאא
אאאK


אאMethod of Operation for Directional Relays

אאInduction RelayFE
F٢٥٠EאK

 

R -R 

X 

-X 

المرحل يعمل في 
 هذا الاتجاه

لا يعمل المرحل 
 في هذا الاتجاه
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F٢٥٠Eא


אVrφvא Ir φc

אאW
 

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 
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φאאאאא
אW

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

 
φrאאאאאאאW

T = k١  φv . φc. Cos (  φr + α) 
 

So, T = k٢  Vr . Ir. Cos (  φr + α) 
FαEאאאאKאאW

• אאאW 
 

α  = ٩٠º , So;  T = k٢  Vr . Ir. Sin   φr  
• אא Active Power Relay אW 

α  = ٠º , So;  T = k٢  Vr . Ir. Cos  φr  
אW

T = k٢  Vr . Ir. Cos (  φr + α) 
אφrאאK

 אאא φrא א אK
אאאאאאא

אK 
 
 



 

 

 

אאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א



א




٣
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אאWאא


אאW
אאאאW

١K אאאאאK
٢K אאאK 
٣K אאאאאאK 
٤K אאאאאK


אאאWאא٨٠K٪


אאW٤FLE


אאW

١K אאאאאK
٢K אאאK


אאW

אאאאאא 
אא
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אאWאא
٣K١

א א א   א א  א   
אא(Ring Systems) אאאא( Parallel Circuits)א

  אא א א אא  א  אאא ( Single Source 
Radial Circuits) Kא א    א  א  א

אאK
٣K٢א

אאאWJ
٣K٢K١אאאא 

Protection of Double Source Radial Networks 
 א F٣ ١ E        א

א A & E א
D, C, B אאאא

אאאאאא
אKאK 


F٣١Eאאאא

אאאאאאאא
אאאאאKא

אאאאK

A B C D E 

C.B

Circuit Breaker 
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אאF٣٢a Eאאאא
אאA  K אאאאאאA

אאA ٤}١ sec אD ٢}٠ secKא
אאאEאE ٤}١ sec B

٢}٠ sec٤}٠ sec F٣٢bKE
F٣٢cEאאאאA 

& E Kאאאא٤}٠ sec،
אאאאK 


F٣٢aEאאאא 

 


F٣٢bEאאאא 

 
 

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
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
F٣٢cEאא



א 

١٫٤ ١٫٤٠٫٢ ١٫٠ ٠٫٢ ٠٫٦ ١٫٠٠٫٦ 

A B C D E 



٢٥٥ א אא 
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WF٢٣cEאאאא
אאW

١K אאאאאאאK 
٢K אאאאאאK 

אW
١K אF٢٣cEאאאB

 א א D אא א  א    א 
אB , C, D אKאאאאא

א אאאאאא Kאא
אאאאאאאK

٢K אF٢٣cEאאאאאא
אאאKאאאא

אKאאBCאאB 
١ sec א א C   ٦}٠ sec Kא א 

אאאאאאאK 
אBא٢}٠ secא

אB אאאK


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٣K٢K٢אאאאא
Protection of Single In-feed Ring Systems

 
F٣٣Eאאאאאאא

אKאאאאאא،א
F٣٣aEF٣٣bKE 

 


F٣٣E 



 
F٣٣aEאאאא 

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 
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
F٣٣bEאאאא

אא٤}٠ sec אאאא٢}٠, 
٤}١ ,٠}١ ,٦}٠, and ٨}١ secאאאF٣

٣c KE   א A א   א Fא  Eא  
אאA١ & A٢ Kאאאאאא

אאK 
 


F٣٣cEאאאא

 

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 אא 

 אא אא 
 
 

- ٩٣ - 

אF٣٤EאK
אAאאKאאאאאF�٢ ١ 

�٣ E א אא  א אF٤�٥�٦�٧�٨ E     
אאאאאאKA
אא٤٦}٠ sec א٣٠}١ sec 

אאאאK 
 


F٣٤Eא


٣K٢K٣אאאאProtection of Parallel Lines 

F٣٥EאאאKא
א   K  א   א     B,D  K

אאאאאKאא
אA, CKאA אBאC אD 

אאא٤}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 
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F٣٥Eאאא


٣K٣אאא

١WאאאF٣٦KEאאאאFA, B, C 
& DEאאאאאK
אW

אאא
אאאFאAKEאאאאאK

א   ٣}٠ to ٤}٠ sec א
Kאא

F١ אA٢}٠ secאאK
F٢אB٥}٠ sec KKKKKKKKאאKאF٣٧E

אאאאK
   א  א      א  א 

אאKאא Kאא
אאאאK 

 

A 

C D 

B 

Infeed 
Load ٠٫٢ sec 

٠٫٦ sec 

٠٫٦ sec 

٠٫٢ sec 
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F٣٦Eא




F٣٧Eאא


אאאאאאאאא 

     א        א
אK

 موضع الخطأ

٠٫٥ sec 

٠٫٢ sec 

٠٫٨ sec 

١٫١ sec 

 الزمن

٢ ١٣٤٥

F٢ F١F٣F٤

XXXX
B ACD
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 אא אא 
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٢W
  א א  א א F٣ ٦ KE א  ٦٦א kV

אW
XG = ٨}٠                               X٠٥}٠ = ١٢   X٠٥}٠ = ٢٣ 

 
X١٢٥}٠ = ٣٤   X٢}٠ = ٤٥ 

אאאאאא
א

אאאW
IF = (V /    √٣)  * XF 

XFאאא
אאF٣٨EF٢  אAF٣

KF٤, F٥ , F٦ , F٧ K


 
F٣٨Eא٢


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 
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IF٣١١٠٧ = ((٠٥}٠ + ٠٥}٠ + ١٢٥}٠ + ٢}٠ + ٨}٠)* ٣√ ) / ٦٦٠٠٠ = ١ A. 
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אW
• אA F١ & F٢   

אFIA = IF٣١١٠٧ = ١ AKE 
•  אB F٣ & F٤   

אFIB = IF٣٢٤٣٢ = ٣ AKE 
•  אC F٥ & F٦   

אFIC = IF٣٣٨٧٢ = ٥ AKE 
• אD F٧ & F٨   

אFID = IF٣٨١٠٦ = ٧ AKE 
אאKF٢אאA

IF٢ & IF٣אB K
F٤ אאBאCK

א    א  א   א  א 
אאאK


٣K٤אא

   א א  Kא א     א 
א K אא Kא

  א       א   א א א
אאאK

  א  א א  Wאא א  א  
אאKאK

אאא אאאאאא
אאאאאא

אK
אF٣ ٩ Eאא  Kא

אKא



٢٥٥ א אא 

 אא אא 
 
 

- ٩٩ - 

אאאאאאאאאאא
אאK

 

FEאא


FEאW٢אאאא١א

F٣٩E
   אא א  א  אא    

 אאא     א  K   
אאאאאאאא

אK،אאאאא
אאאKאאאא

Kאאאאאאאא
אאאKאאאאא

אאK

 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 אא 

 אא אא 
 
 

- ١٠٠ - 

אאאא
אאאאאא

FאEאאאאK


אא
א،אאאאאאאאאאK

אאאאW
• אא 
• אא 
• אאאאאאאאK 

אא،אאאאKא
אאאK

א א א   Kאאא
KאאאאאK
١אאאאKא

אאאאאK
אאאא א Kא אא  K

אאאKאאאאKאאאא
אאאאK

אאאאאW
J אא
J אאאאאא 
J אאאאא 
J אK 



٢٥٥ א אא 

 אא אא 
 
 

- ١٠١ - 

٣K٥אאאא
א  א     א  א  K  א 

אאKאאאא
אאאאאאK

אאאאאאK
אאאאאא

אאאKאא(Arcing Faults)
אW

١K א
٢K  
٣K אא 
٤K אא 
٥K אK
٣K٥K١אאאFE

אF٣ ١٠  E א א א  א אא 
אKאאאא

  א א  א      א  א א א
אאאאאKאאאאא

 א K א  K 
אאאאK


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
F٣١٠Eא

א א       א א  א  
אאאאאאאK


אF٣١١אאאאא

אאאK
אא א א א 

אKאאא
אאאאK




F٣١١Eאאא

 مرحل الأرضي

 مرحل الأرضي
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٣K٥K٢אאא
 א א א א א א  א א  א 

אאאאאאKאאא
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אאK
٢K אאאאK
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אאאWאאTransformers Protection  
٤K١

אאאאאא
א Kאא٥}٢ MVAאאא 

אאא א ٥}٢ MVA to ٥MVA א 
אאאW

١K א א    א א  א א א א א
אK 

٢K  אא א א א( Harmonic Biased Differential Protection)
 א    א א א א א (Induction Disc 

Relay)K 

٤K٢אאFault Types and their Effects    
  א   א     א אא  K

אF٤١EאאאאW

١K FEאאאK 
٢K FEאאאK 
٣K אFEאאK 
٤K אFEאאK 
٥K אאאK 
٦K FEאאאK 
٧K FEאאאK 
٨K אFEאאK 
٩K אFEאאK 

١٠K אאאK 
١١K אK 
١٢K אK
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
F٤١Eאאא

٤K٣אאDifferential Protection  
אאאאאאאאK

אאאאאאKא
אאאאא

א אא K א    Unit protection  א א
Differential protection א אאאא Bus 

bars K
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٤K٣K١אאOperation Theory  
אאMerz – Price Kאאאא

אאאאאאאא
 Kאאאאאא

אאאKF٤٢EF٤٣E


 
F٤٢EאאFאE


 

F٤٣EאאאFאE

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 
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אF٤٢Eאאאאאא
א  אא Kאא אא א

אאא Magnetising currents אאCT١ , CT٢ K
אאאאאא

אאKאא
 א אא   K    א א   אא 

אאאKאאW
١K אאאHigh impedance differential relays 
٢K אאאBiased differential relays  


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٤K٤אאאא
Differential Protection of Power Transformer 

אאאאW
١K אאאSeparate winding differential protection   
٢K אאאOverall winding differential protection    

٤K٤K١אאאSeparate winding differential protection
אאאאKא

אKאאאאאאאא
אF٤٤KEאאא

אאאא Kאא
אW

• אאאK 
• אאאאאאK 
• אK 
• אאאאאK 

F٤٤EאKאאאאC.T١ , C.T٢
אאאR١אR٢ 

 
F٤٤Eא

IS

IR٠ = ١ IR٢ = ٠

IP 

IP IS 

حمل آهربي

CT١

CT٢

CT٣

CT٤

R٢R١ 

S٢

P١ 

P٢ 

S١ 
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F٤٥EאאאאאK
א(IS) אאאR٢Kאאא

אS (١٠ – ٨) א Kא א
אא(Magnetising inrush current)אאFimEא

CT١ and CT٢ אאאאR١ א
אאאK



 
F٤٥Eאא

F٤٦Eאאאא
אCT٣ , CT٤ אאאא

R٢ ( IR٠ = ٢)  KאאR١אאK


IR٠ = ٢ 

im 

Im 

IS =  ٠ 

CT١

CT٢ 

CT٣

CT٤

im 
R

S

IR٠ = ١ 

S٢ 

R

P١ 

P٢ 

S١
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F٤٦Eא

F٤٧EאאאאX FאKEאא
אאאאאאCT١ , CT٢ אא Kא 

  א  Z  I٢   I١ א  א   א  K
אI١ , I٢ אR١אאK


F٤٧Eאאאא

 אאאאא
אאאאאאאאK

אאאאאאF٤
٨KE
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




F٤٨EאאLא


אאאאא
א אא א א K א   א א 

אK
אאאאW

• אאאאאK 
• אאאK 
 Kאאאא •

אאW
• אאאK 
•     א א   א א     

K
٤K٤Kא٢אאOverall differential protection 

  א     א  אא    
אאאF٤٩E،F٤١٠E،F٤١١EF٤

١٢KE
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
F٤٩Eא




F٤١٠Eאא
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
F٤١١Eאאאא


F٤١٢Eאא


אאאW

• אאאאאאאאאא
אאאאKKKKKKKאK 

• א א  א א א אא  א  א א 
K 

• אאאאCT١, -

CT٢ אK 
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• CT١ , CT٢ אאא
אאאאאאK 

١K אאאאאאCT١ , 
CT٢ אאאאK 

٢K  Υ ∆אאאא٣٠ºאאאא
א∆ΥK 

אאאאאא
אאKאאΥ∆ א∆
Υאאאאאאא∆אΥ

F٤١٣KE


 
 

F٤١٣EאאאאאK
אא אא  אא א  אא

אאאאKאא
Kאאא

אאאאאK
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W
אF٤ ١٣Eאאא٥٠٠ MVAאא

٥}٣٤ kV אא٥٠٠ kV KאW
١K אאCT ١ , CT٤  
٢K אאאאאאAאאK

א
אאאW

Ia = 
0577.35∠  =  

X1000 500 X 3
X10  500 6

 
אאFאA E

Ia∆ = 
o∠30 8367.165  =  

1000 X 34.5 X 3
10 X 500 6

 
 

אאאCT١W٥ / ٩٠٠٠


אאאCT١ A  4.65  = 
1800

8367.165



  א  א א    א CT١ 

A     j2.325   +   4.026    =   ∠30  4.65 o
 אא אא  (A ٦٥}٤)א

CT٤ אא٦٥}٤)√( ٣ / K
Ia = ٣٥}٥٧٧ A  

 אא CT٥ : ١٦}١٠٧٧ = (٦٨}٢ / ٣٥}٥٧٧) - = ٤   
אאCT٤ ٥ : ١٠٠٠ K 

אאאאCT٤A  2.88  - =  
200

577.35
 -=

אאאאא497.2j+3249.4=30∠3 2.88 - = o

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אאא = 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،אאאK٤}٥ % K = ١٠ 

%K

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٤K٥אא
אאאאKאF٤K١٤E

אאא
 




F٤١٤Eאאא


٤K٦אBucholoz Relay   
אאOil – filled transformers 

F٤ ١٥ E א א א   א conservator א א 
אאAlarm אאK

،אאאאאאאאאאאא
אאאאאאא

אאאאאאאאאKאא
W

١K א  א א   א א א K
אאאH٢ 

 א CO K  א     א א 
  א א K  א א   אא  א
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 אא  א אF א א KE  אא   א  
אאאאאאK 

٢K  אא  Fא אא 
אEאאאאא

א אא אאא  אא Main circuit 
breakerKאאאאF

אאאאO/C relay KEאאא
אאאאK 

  אא אא      א אא   
אאאאאאא

  א    א א Preventive maintenance  Kאא
א א אא א א   א א א  H٢ א

אCO אCH٤ אC٢H٦ א C٢H٢ אCO٢ K
אאאאאKאא

 א אArcingא אא K א  CH٢ , C٢H٤ , 
C٢H٦, CO٢ Hot spotsאאK





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


F٤١٥E




 

 

 

אאאאאא  

 

אאאא

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 




א
א

א







٥
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אאWאאאאאא


אאW
אאאאW

١K אאאאאאK
٢K אאאאאK 
٣K אאאאK 


אאאWאא٨٠K٪


אאW٤FLE


אאW

١K אאאאאK
٢K אאאK


אאW


١K אאאK
٢K אK 
٣K אK
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אאWאאא
٥K١

 אא  א אא   א א (prime Mover)
אאאW


• א١٠kVA – ٧}١ MVA                   
• אא١٠MVA – ١٥٠ MVA                  
• א١٠٠ MVA – ٦٠٠ MVA             
• א٥٠ MVA – ٣٠٠ MVA       


  א אא     א א    

F٥١KEאאאאא
אא אאא  א

F٥٢KE


F٥١Eאאאא 



G١ 

G٢ 

G٣ 
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CB 

CB 
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F٥٢Eאאאא 

٥K٢אאGenerators Faults
٥K٢K١אא Mechanical Faults   

אאאאאW 
• אK 
• אאK 
• אK 
• אאאK 
• אאאאK 

אאאאK
٥K٢K٢אאElectrical Faults    

WאאStator Faults  
אא א  אא  א א   א    K

אאאאאאKא
אאאאKאא

אאאW
• אאאK 

•   א א א אאאא א א א
אאאאK 

• אאK 
 
 
 
 

١٣٨ kV

Υ 

١٣٫٨ kV

∆ 

G 
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WאאאRotor Faults 
אאאאאW


• אאאOpen circuit  

• אאאאאאאאאאא
אK 

• אאאאKאא אאא
אאW 

١K אאא٥٠٠ V אאא٨}١٣ – 
٢٣ kV K 

٢K אאאאאאK 

٥K٢K٣Other generators faults   
אאאW

• אאאאא Over load    
•  א   under frequency   א  א א 

אאאK 
• א א  א K א

אאאK 
• א אא  אא א

אאK 

٥Kא٣אאStator Main Protection
٥K٣K١אא Differential Protection  

א אא     אא א  א א  א א
אאאF٥٣KE 
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
F٥٣EאאאאאK

 
אאFאאEאא

  split winding  K   א א א  F٥ ٣ E
א אא  K א    אא

F٥٤KE 

Phase A 

Phase B 

Phase C 

CT١ 

CT٢

CT٣

CT٤

CT٥

CT٦

Ia

Ib 

Ic

אא
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F٥٤Eאאאאאאא


٥K٣K٢אאאאא

Stator Protection by Earth Fault Relays
אאאא א 

אאאאאK
אאאאאאHigh resistanceK

אאאאא،
אCTאאאאKאא

אאאF٥٥KE
אאא

potential transformerKאא١٠ ,٥ kVAא
א٥٠٠ ,١٠٠ VKאאאא

א ٢٠٠ ,١٠٠ ΩKאאאאא
אא١٠ AK

Phase A 

Phase B 

Ia / ٢ 

Ib / ٢ 

Ic / ٢ Phase C 

 الوقاية إلى
الوقاية  إلىالتفاضلية الأساسية

التفاضلية الأساسية

 N : ١  ٢N : ١ 
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אאאאא
אKאאאא١٠ V KF٥٦E

אאאK
WאאאאInstantaneousא

אאאK 


F٥٥Eאאאאאא


F٥٦Eאאאאא

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 
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٥K٤אאאא
אאאאא

אאVoltage controlled O/C Relay  Kאא
אאאאא Kא

אאאאאK
אאאא

F٥٧KE
א א א  אא

אKאאאאאאא
אF٨٠ %אKEאא

א  א א  א      ٨٠ % א 
אא K אא

אאאK





F٥٧Eאא 
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 אא אאא 
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٥K٥אאא
אאא

אאאאאאאאK
אאאאאThermal Relay 

K
א    אא א אא   א א  

Thermo - CouplesאאKאאאא
Recording Devices אאאאאK

אאאאאאאא
אאאאK

 



 

 

 

אאאאאא  

 

אאאא  

אאא
ã¹]<gè…‚jÖ]æ<ËÖ]<Üé×Ãj×Ö<íÚ^ÃÖ]<í‰‰ö¹] 

אאאא 





א
א

א





٦
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אאWאאאאא


אאW
אאאאW

١K אאאK 
٢K אאאאK 
٣K אאאאK 


אאאWאא٨٠K٪


אאW٤FLE


אאW

١K אאאאאK 
٢K אאאK


אאW


١K אאK 
٢K אאאאאאK
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אאWאא
٦K١

א    א א  א   א 
אאאאKאאא

אאאאאאאאK
אאאאKאא

אאאאאא
אאKאאאאאאא٨ – ٧ א

 א א K א   א א   אא א 
٦ – ٥  אא אאא٨٠ % 

 אאא אא א
אאאאK


٦K٢אאאאאPossible Motor Faults

אאאאאW
١K אאאאאK 
٢K אאאאאK 
٣K אאאLocked rotor   
٤K אאUnbalanced power supply   
٥K אUnder Voltage    
٦K אUnder current 
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٦K٣אאאא 

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

אאא١٠٠٠ HP 
٦٠٠ Vאא٨}١٣ kV  KF٦

١Eאאא١٠٠٠ HP K


 
F٦١Eאא١٠٠٠ HP


٦K٣K١אאא

אF٦١EאאאאFover 
load Eאאheating element  א
אK

אאאאאא
F٦ ٢ KEאא١٠٥ % א

אKF٦ ٢Eאאאא 

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 
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١٠٠٠ Sec ١٧Kא٦ אא١٥ K
א אא

אKF٦ ٢Eאאא٥}٢ א
  א א  א   ( over current O/C relay) א 

אאKא١٨٠  %אK
אאאאאאאא

אאאK





F٦٢Eאאאא
אאאא

אא٤٪ אKאאאאאאא
אאאאאאאKא

אאאאאאאא
א א  K  א א א א     
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אאאאKאאא
אאאאאאK

אאאאאא
א  אאא אאא אא א  K

א    א  אא   א  אא  אא  
 ٢ – Φ  Kאאאאא

٢٥٠ % אאKאא
אאאאאאK

 א   א א א  א  א F  א
אאאKEאאאאאאאאאא

W
١K אאאאאKא

אאK 
٢K  contactors  א א   א א א א 

אא(High rupture capacity fuse (HRC))K 

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٦K٤אאLarge motor protection  
 א א א      א א  F

 א א א    ١٠٠٠ HP  E א  
F٦٣KE




F٦٣Eא٥٠٠٠א HP 

אאW
• אאאאאאאאאCircuit 

Breakers  א א  Instantaneous O/C relays א  
אאKא١٨٠ % אK 

• אאאearth fault 
relay Kאא٤٠ - % ١٠ % אאK 

•  אאאא א א   א
אK 

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
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• אאאאLocked rotor relay K
אאאRolling plants אאאא

אאConveyorsאאKא
אאאאאאFאEא

אK 
• אאאאאאUnder current relay Kא

אKאאאאאK
אאאאאFEא

אאאKאא٤٠ % אאK  
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• 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،אא א

،،אאאאא١٩٨٧K 
• ،אאא א ،    א א   

،K 
• א،א א،א אא  

،١٩٩٦אK 




٢٥٥ א א 
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אא
אאWאא
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