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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١٥ 

  
אאW 

 א א 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 אRelays                   

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

 
 

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 

 
٢K אאאCurrent Rating 

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

אאK 
 

٣K אא(Minimum Fusing Current)      

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

 
٤K א(Fusing Factor)     

 אאאא
אאאW 

 
 
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אא 
אZאאאא 

אא 
 

٥K אPre – Arcing Time    

 א  א א א    א  אא  א 
אאK 

٦K אArcing Time  

 אאאאאאאK 
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) 

٤K אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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٥K אאK 

٢K٣K٣אא 
 

אאאאאאאW 
KאאאW J 
١Kאאא Powder Filled Fuses        

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

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

 
٣KאאאSemi-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אK  
KאאאW J 

 אאאא٦٦٠K 

 אאאאK 

KאאאW 



٢٦٥ א אא 
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Kאאאא( Non-Current Limiting Fuses) 

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

 J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(4000 – 5000 ºK) 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K 

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
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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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( I2 t)K 

 
אF٢١Eאאאא 

 

I 

T 

tc 

ta tm 

ID 

Ip 

Irms

   = tm   زمن الانصهار  
     = ta  زمن دوام القوس

 =   tcزالة القوسزمن إ

  المتوقع القيمة العظمى لتيار القطع

 لحظة الانصهار

 لحظة انقطاع التيار
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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א

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 
 
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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 

 

 
 

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אK 

 אאא  Fאא  E אא   א
אאאKאאא[IEC– 282] אאאאאK 

 א א אא אא   
אאK 

אאאאK 
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 א F٢ J٤ Eא א אא  א א א אא 
אK 

    
 

 
 

    
  

אF٢ J٤Eאאאאאאא 
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 
 

٢K٣K٤אאא 
 

 א     א  F  E     אא
אF٢ ٥E،אא( I2tc)٢אא
א( I2tm) ١אא Kא١א

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

 

 
 

אF٢٥Eאאא 
 

אאW 
 

١K אא   א  א א א  (Selectivity Ratio 

Tables)א א  K  א א  א  ١א א
٢א1 : 1.25 and 1 : 3 Kאאא

אאאאאאK 

 

2 

tc 

tm 

1 
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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אF٢٦KEאאאא

K 

 

 
אF٢٦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 
אFKEאאאF٢١Eאאא

א א א( I Nmin)  אא א ( 

Magnetizing Inrush Current) אאאא( INmax)
 א א  א     א   א  

אKאאK 

 

2 

1 

1 2 

  منحنى الانصهار

  منحنى الإزالة

I 

t 
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 א  F٢ ٢ E א א א אאא א F400 V Eא אא
אאאF10 – 12 kVEאאK 
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אF٢١E 

אאאאאF10 – 12 kVEאא 

 
אFkVAE FEINmin FE INmax 

50 16 16 
100 25 40 
200 25 63 
250 40 63 
400 63 100 
500 63 100 
630 63 160 
800 100 200 
1000 100 200 

 
אF٢٢E 

אאאאאאF400 VEאאF10 – 12 kVE 
 

א
אFE 

80 125160200250400500? 8001000 

א
אFE 

6025254063100100160160200

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

 
 אF٢ ٧a W E אF٢ ٢ Eאאא

א400100 KאF٢ ١E
אאאK 

 
 אF٢٧bWEאF٢ ٢Eאא160

KאF٢١E160 אאF100Eא
אאאאK 
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  אF٢ ٧c  W Eא אאאא 200 K

אא40אF٢١Eא
אאאF63KEאאאא250

אאא63אאאK 

 
 

 
 
 
 

 
 
 
 
 
 

 
 

אF٢٧E  
 
 
 
 

4X200A 
4X250A 

11kV 

380V 

4X400A 

11kV 

1000kVA 
x=0.06 pu 
Ip =52.5 A 

Is = 1519 A

500kVA 
x=0.06 pu 

Ip =26 A 
Is = 760 A 

800A 

(a)(b)(c)

11kV 
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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 אא  א   א ( Disconnect 

Switches) 
bE אאאא(Load – Break Switches)K 

 
٢ K    א 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 



٢٦٥ א אא 

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

- ٤٧ -  

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

K 

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

 
 א  K

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
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אFאאE
אאK 

 
٢K٤K٢אאא 

אאאאאאאאW 
 

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אK 



٢٦٥ א אא 

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

- ٤٨ -  

 
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( 50 or 60 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 
 

٧KאאRated Breaking Current             

א אא א  א א  K א א
אאאאא(0.2 and 0.25)

Kאאא 
 



٢٦٥ א אא 

 אא אאאאאא 
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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(10,000 to 

20,000 Cº)אא( 10-5 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( 20 V/cm)אא 100
אא10 K 

א אאאא א אא K
אא،א

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



٢٦٥ א אא 

 אא אאאאאא 
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אא אאK  אא 
א א   א א  Fאאאא 

אEאאא
אאאK 

 
אאFאEאW 

 
K    א  א א  א א אא אא 

אK 

K אאאאאא
אאאKאאאאאאK 

 
אW 

 
FEאא 

אF٢٨E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) 

 
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 
אF٢٨Eאאאאא 

 
FEאא 

אאאא(Arc Splitters)Kא
אאאאאאF٢ ٩EK

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

 لتلامساتا
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 
אF٢٩E 

 
٢K٤K٤אא 

אאאאאאאאW 
١K אאAir Circuit Breakers                                    

٢K אאMinimum – Oil Circuit Breakers   

٣K אVacuum Circuit Breakers                               

٤K אאSulpher Hexafluoride (SF6) C. B.  

٥K אאאאAir – Blast Circuit Breakers                          

 
 אאאאW 
aE אאאF1000 VELow Voltage C.B.                   

bE אאאF1kV33kVEMedium Voltage C.B. 

cE אאאF33kV240kVEHigh-Voltage C..B      
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dE אאאF240 kVEExtra High Voltage C.B.      

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  1200 A 
10,000 א AאאאKאF٢١٠E

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

 
F٢١٠EאFE 
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٢K אאאא(Low Voltage Power Circuit Breakers)   

 אאאאא (Modular Design) אא
אאKא

  א4000א א  130,000  א    א 
אKאF٢١١Eאאאא 

 

 

 
אF٢١١E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א٢١٢E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10Kאאא

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

 

 
אF٢١٢Eאא 

 
bE אאא(Non-Current Limiting Breakers)    

אאאKא
50א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 

قاطع محدد 
 للتيار

 قاطع عادي

t 

I 
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٣K אאאArcing Time (ta) אאא

אאאK 

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

 
١K אא( Delayed Thermal Release) אא

אK 

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

DelayK ( 

אאאאאא
אא ( 30 – 70 %) אא Kא

אאאאאאא
אאאK 

אF٢ ١٣EF٢ ١٧Eאא(tripping Characteristics)
 אא K   א א   א 

אאK 

 
אF٢١٣EאH 

  إعتاق فوري

الحد الأعظم 
  للإعتاق الحراري

  الحد الأدنى
   للإعتاق الحراري

  )IRأضعاف التيار المقنن (التيار 

 الزمن

I2 I1 
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 
 

אF٢١٤EאH 
 

 
אF٢١٥EאH 

   )IRأضعاف التيار المقنن ( التيار 

 الزمن

0.5 sec 

0.03 sec 

  نظام التغيير في الزمن

   )IRأضعاف التيار المقنن ( التيار 

 الزمن

  نطاق التغيير في التيار
  (2 – 10 ) IR    
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 

 
 

אF٢١٦EאHH 

 

 
 

אF٢١٧EאHHFא
אE 

 الزمن

IR(  ≈15أضعاف التيار المقنن ( التيار  In

 الزمن

0.5 sec 

0.03 sec 

 IR(   I3أضعاف 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א٢١٨E 
אF٢١٨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١٩E 
אאFaE20אא

אאא2א and 3 אא
٢אK 

 
א  א 

א  
١ X  X 

٢ X X  
٣ X X X 

 
אF٢١٨Eאאאא 
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 
אF٢١٩Eאא 

٢K٤K٧אאאאא 
אאW 

١K אF٢٢٠Eאאאאא 

 J אאאFאKE 

 J א100אאK 

٢KאF٢٢١EאאאW 
 J אאאK 

 J א70אאK 
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אF٢٢٠Eאאא 

 

 
 

אF٢٢١Eאאא 
 

WאאאאאאF٢٢٢KE 

≥ 70 ms 

  قاطع

t 

I 

≥ 100 ms 

  قاطع

t 

I 
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 

 
 
אF٢٢٢E 

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

אF٢٢٣KEאאאא
אאאKאאאאא٣٠K 

 
F٢٢٣Eאאאאאא٢١٢ 

 

11kV 
500kVA 
Ip =26 A 

Is = 760 A 
Isc=12kA 

380V 

200A 

 محول .م.مصهر ج  .م.قاطع ج
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אF٢١Eאאאא63, 100K 
  א  א  א אא א  

א     א K א א   א  א א
100אא100K 

 
 

٢K٤K٨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אאאBulk Oil Circuit Breakers  

 J אאאא Minimum Oil Circuit Breakers  

  
א א אאא   

אאאאאאאאא
אאאאKאF٢٢٤Eאא

אאK 
 
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 
 

אF٢٢٤EאאFE 
 

אF٢٢٥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 



٢٦٥ א אא 

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

- ٦٦ -  

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א

F٢٢٥bKEאאאאאK 
  א א  א א  ،  א    

אא  Kאאא א
אאF٢٢٥CEאאאF5E

א4,6א  Kאאאאאא
אאK 

 

 
אF٢٢٥Eאאאא 

    אא       א 
אאאא  Kא אא   KאF٢ ٢٥E

אאאאאא12 

kV, 31.5 kAאאאא10,000א
אK 

 
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 
אF٢٢٥Eאאאא 

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

 
אF٢٢٦EאאאאK

א   10-7، 
אKא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אF٢٢٦Eאאא
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אאאאKאF٢
٢٧EאאK 
 

 
אF٢٢٦EאאFE 

 
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 
 

אF٢٢٧EאFE 
 

אאאKאאא
א100אאא20,000אאאאK

אאאאאא30,000א
אאKאF٢٢٥Eאא

אאאא12 kV, 31.5 kAK 
 א א אאאא   א   א Fא E 

אאFאSulphur Hexafluoride (SF6)
אאK 

 
٢K٤K٩אא(SF6 Circuit Breakers)   

אא،אאא א
  K אאא20 Cº 6.07 هي L
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אאאאאKאF٢٢٨Eא
אאאאאאאSF6 K 

 
אF٢٢٨EאאאאSF6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אK 
 

  א א אא א  אא
אאאאאאאK 

    א  א
אאFSF4 , SF2 , SF2 ,….Eא

אאאאאאאאKאאאאSF6 
אאאאאאאאK 

 
 
 
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א( SF6)   
 

אF٢ ٢٩E SF6 אא Kאאא
א3.5 Kאאאא

אאK 

 
 

אF٢٢٩Eא 
 

אF٢٣٠EאKאFaEאאא
(2),(1)אאא(3) אא(4),(5)אא(6) K
א(b)אאKאא(4),(3)אאא

אא(7),(8)אSF6 אא(9)אא(10)
אאאאK 

 
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 
F٢٣٠Eאא 

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

אאאא10 – 20 אא2000 – 4000
אאאאK 
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אאWאאא 
٢K٥ Jא 

٢K٥K١ J 

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٣١EאאאאאK 
 

אאאF٢٣١EאאאאW 
 

١K אK 

٢K אאK 

٣K אK 

٤K אK 

٥K אK 

٦K K 

٧K K 

٨K אאK 
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 
١אK  ٢אאK ٣א ٤אK 

٥אK ٦אK  ٧אאK ٨אאK 

 
אF٢٣١Eאא 

 
٢K٥K٢ J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אאW 

١K אK 

٢K אאאאא

אאK 

אאא7אא
  אא    א א   Kא  
(interlock) א אא    אא   א 

אK 

١  

٢ ٣  

٤

٥  

٧  ٦ 

٨  
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א 
 

א  א א  א  א   א   K 
אאאאKאאאW 

١K אאא،אK 

٢K אא،(VI cosΦ)K 

٣K א،אאאV/I 

٤K א א   ،א  א א  א    Fא

אKE 

٢K٥K٣ Jאא 

אאW 

١K אאא       Thermal Relays     

٢K אאאא Electromagnetic - Attracted - Relays 

٣K אא       Digital Relays  

٤K אאאאא Electromagnetic Induction Relays 

٥K אא        Static Relays 

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

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

 
 
 
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FEאאInduction relays 
 

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

אאאאאאK 
   א א    א אΦ1 و Φ2 

א אא אאא א א   K  א 
א TΦ1 و Φ2  אאθ  W 

 
T α  Φ1 Φ1 sin θ   

 
אθ.  

  
אא Wאאא(shaded – 

Pole)K 
אאWאK 

 
אF٢٣٢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40º – 45 º K 
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 
אF٢٣٢Eאאאא 

 

אF٢٣٣Eאאאאא،
אF٢٣٤EאאאאKא

א א א αאאא
א Kא    א  א   א א   ،א

K 

 
 

אF٢٣٣Eאאא 
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 
אF٢٣٤Eאא 

 
 

אא 
 

אאאW 

١K אT1א،   T1 = k1I
2
             

٢K אT 2،     T2 = k1 I0
2                       

I0אK 

٣K אT3א    T3 = k2 (d/t)        

 

d אאא 

t אFאKE 

 
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אאאאW 
T = k1 I

2 – k1 I0
2 – k2 (d / t) 

אאT = 0 ،W 
K1 ( I

2
 – I0

2) = k2 ( d / t) 
W 

T = k d /( I2 – I0
2) 

      א א   I0 and d א   
      א א  F٢ ٣٥E Kא א 

אאא(Inverse – Time Relays) K 

 

 
אF٢٣٥Eאאא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KאאאW 

 

I0 I 

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

0.5 & 11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٣٦Eאא
אאאאאאא

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

 
אF٢٣٦Eאאאאאאא

FE 
FEאא 



٢٦٥ א אא 
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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 
אאאא 

אF٢٣٧E אאא Kא 
אאאF1EאאאאK

אאא F3Eא  א
א  F4 KEא     א  א     

אKאF5Eא
אF7 E אאא אאא  K

אאאF8KEאאא
אאF9EאאK 

 
 
 
 
 
 
 

אF٢٣٧Eאא 

1 3 4 5 7
6

2

8

9

10

  إشارة الخرج. ٦دائرة القياس        . ١
  عنصر التحكم . ٧إشارات القياس   . ٢
  عنصر التغذية. ٨عنصر التحويل   . ٣
  مصدر الجهد المساعد. ٩عنصر القياس     . ٤
  تغذية دائرة القياس. ١٠عنصر الخرج     . ٥
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אא 
 אF٢٣٨EאאאאאאאK

אV1FאאBEאאאא
אKV1אVEאא א

אאEאCKאאV1VEאא
אאאאאאאK 

 

 
אF٢٣٨Eאאא 

FEאאא 
אאאאאאאאW 

١K אאא
אאKאאא

F٢٣٩KE 

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

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

 

- 

+

V1 

B 

C 

E 

+
VE 

  ملف إعتاق القاطع

  دائرة  إعتاق القاطع
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 
אF٢٣٩Eאאאאא 

 
FEאאא 

 אF٢٤٠Eאאאאאא
 א   א א א       F  
א א אאא אא א C1 & R1  KE 

אא אT1 אR2 אאאאC2  K
 T1 אא P א א

אאT1 אאאאT2 אאTR K
אאאאאאTh אאDאK

אאאאK 

 

 
F٢٤٠Eאא 

الدخل من 
المحول 
 الرئيسي

R1 

C1 

C2 

R2 

T1 TR 

D

   المحول المساعد

T

+Vc 

P 

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

אאאאKאא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א Kא  א  א  אא

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

אאF٢٤١aKEאאא
אאאא (Inverse – Definite – Minimum Time Relay; IDMT)K

אF٢ ٤١bEאאאאא K
אאאאאאF٢ ٤١b Eאא

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

אאאאאאאK 
 
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FaEאאאא 

 
FbEאאאאא 

 
אF٢٤١Eא 

 العكسيةالفائقة. ١

 لشديدةالعكسية ا. ٢

 العكسية المحددة للزمن.  ٣
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א 
אKאא

אF٢٤٢KE 

 
אF٢٤٢Eאאא 

 
אאא 

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

١K אאאאF1000KE 

٢K  אאאאF500 kVA Eא

א(differential Protection) K 

٣K אאא(Impedance Protection)K 

٤K אאאאאK 

 

 قاطع الدائرة

 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אW 

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٤٣ 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

אאK 

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

אאאKE 

 אאTime DialWאאK 

 אSpring WאWאאא
אאאאא K אא
אאאאK 
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 אC.T.Wאא
אW 

 
١K אאאKא1A or 

5A K 

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

 
 

 
אF٢٤٣Eאאא 

 
 W אא1 A א125 % 

אאאT.M.S = 0.6 Kאא400 : 1  א

4000 AאF٢٤٤KEאאK 
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אF٢٤٤E 

אW 
 

אא   I = 4000 / 400 = 10 A          
אאאI0 = 1 * (125 / 100) = 1.25 A       

 
אאאאאאאI / I0 = (10 / 1.25) = 8   

 
אF٢٤٥Eאt = 2 Seconds    

 
F٢٤٥E 

 
 

R

C.B. 

F 
  4000 A 
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٢K٥K٥ JאאDistance Relays 
 

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

אאאKאאא
Fk I2EאאFk\ V2E
אKאאאאK 

  

k

k
             

k

k
           

I

V

V  k           

2

22













Z

Ik

 

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


אאאF٢٤٦EאKאאא

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

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

k′  ,  kאK 

 
אF٢٤٦Eאא 

- R R 

X 

- X 

k′
k

المرحل 
  يعمل

 المرحل لا
  يعمل
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٢K٥K٦ Jאא Directional Relays   
 

 אאאאאF٢٤٦KE
אאאאאא

F٢٤٧EאאאאK 
אW 

) - ( Cos   V IT  
φאאאIאV 

θאאφאK 

 
 

 
FEאא 

 

θ 
90- θ 

المرحل 
  يعمل

المرحل لا 
  اتجاه التيار  يعمل

   لأقصى عزم

  صفر= مسار العزم 

  الجهد
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 
FEא 

אF٢٤٧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
אF٢٤٨EאאאK 
 

R -R 

X 

-X 

المرحل يعمل في 
  هذا الاتجاه

المرحل لا يعمل 
  في هذا الاتجاه
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 
 
 
 
 
 
 

 
אF٢٤٨Eאאא 

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

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

 T = k2  Vr . Ir. Cos (  φr + α)  
  
  

 
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FαEאאאא  و φrאאאאאא 
אW  

 JאφrאאK 
 J אא א φr א    א

אK 
אאאאאאא

אאK 
אאW 
 אאאW 

 

α  = 90º , So;  T = k2  Vr . Ir. Sin   φr   
 אא Active Power Relay אW 

α  = 0º , So;  T = k2  Vr . Ir. Cos  φr 
 

٢}٦ JאאSolenoid coil  
אאאאאא 

FאאEאF٢א٤٩KE 
 

אF٢٤٩E 
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٢K٦K١ Jאאא 
אאאא

אאאאF٢א٥٠KEאאא
K 

 
אF٢٥٠Eאאאא 

 
אאBאאא(Ampere,s law)

א،אאW 
Bl = µ0Ni     (1) 

W 
  BWאא 

lWאא 
NWאא 
µ0Wאאµ0  = 4π 10-7

 
א(1)אאBW 

B = µ0          (2) 
 

BאאאW 
B = µ0 µr          (3) 

µrאאאא،1000K 
 
 
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אאF( 

אאאFאlאdEאא
אאאאאאKאW 

 
B = µ0 µr                                                                          

אאØW 
Ø = µ0 µr                                                                       

אאK 
אW 

 
אאאµrFאKE 

אאאאאµrFאא
אØא א א   Kא  א

אאאאW 

 
 

٢K٦K٢ Jאאאאא 
אאאאאא

אאאאFאאKE
אאאאא

K 
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אF٢ ٥١Eאאאאאאא K
אאאK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אF٢٥١Eאאאאאא 
 
  א א א א א(inrush current)א א א

א(holding current) Kאאא5:1א
15:1אאאK 

 
٢K٦K٣ Jאא 

 אאאאא אא
Kאאאאא

4 

2 

3 

1 

5 

6  التيار المندفع

 تيار الإمساك

 التيار بالأمبير

اتجاه حرآة القلب الحديدي 

1/8 

inch 

1/2  3/8  5/8  3/4  1/4 
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 אאFא א א  E    אא  א 
אאאK 

 
 Jאאא 

אאאאאאKא
אאאאKK

אאאאאFא WאאE
אFאWאKE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   Wא א א K א א 
אאא،،אK 

אאF٢ ٥٢Eאאאאא
אK 

 
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 
F٢٥١EאאאאאאK 

 
א א א K  א אA KB  

(elastic diaphragm)Kאא
 א       K א  א אאC א  

אאאאK 
אאאאאאא

אאאאאK
אא،אאאB

אאאאאא Kאאאא
אK 
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אא،אDאאא
אKאאEאאF

אאEאאאCאאDK
אאאאאא AFK 

 א    א א   D      
אאאK 

 א א א א אאא
אאאאאאK 

א אא،א א K א
א،א(pilot)،Kאאא
אWאאK

אאאK
אאאאאאK

אאאאאאא
K 

 
 
 Jאאא(starter solenoid) 

אאאאאKאאאא
אאאא(ignition switch) Kא א

Fא   E     א א א  א א 
אאאאK 

 אאא  
אאWאאאK

אאאאK 

 
 
 
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 
 
 
 
 
 
 
 
 
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אא 
אWאא 

١KאאאאאK 
٢KאאאאK 
٣KאאאKאאאאאK 
٤Kאאאא

K 
٥KאאאאאK 
٦KאאF٢ J١EאF٢ J٢Eאאאא

אK 

4X250A 
4X500A 

11kV 

380V 

4X250A  
4x500 A 

11kV 

1000kVA 
x=0.06 pu 
Ip =52.5 A 

Is = 1519 A 

500kVA 
x=0.06 pu 

Ip =26 A 
Is = 760 A 

1000A 

(a) (b)(c) 

11kV 
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אאFאאאE 
١KאאKאאאK 
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