
 

 

  

אאאאאאאאאאאא  

אאאא  


א

א
א


א





א





א




٢



٢٦٥ א אא 

 אא אאאאאא 
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אאWאאאאאאK 
 

אאW  
אאאאW 

١K אאאא 
٢K אאאאאK 

٣K אאאאK 

٤K אאאאאאאK 

٥K אאאאאאK 
 

אאאW   
אאא٩٠K٪ 

 
אאW١٥ 

  
אאW 

 א א אאא א  א 
אאאאאאאא

אאאאאK 
 

אאW 
אאאK 



٢٦٥ א אא 

 אא אאאאאא 
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٢K١ 
 אאא אאאא

אאאאאאאא
אאKאW 

 
١K  א  א אא         

אאאאאK 

٢K  א      א  א F
אEאאאאאK 

 

٢K٢אאאComponents of Protective System 
 
  אאW 

١K אא Fuses                 

٢K אאאCircuits Breakers (C.B.)          

٣K אRelays                   

٤K אCurrent Transformers (C.T.)        

٥K אPotential Transformers (P.T. or V.T.)     

٦K אאLightning or Surge Arrestors      

 

אאאאאאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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אאWאא  Fuses 
 

٢K٣אאFuses 
 

٢K٣K١ 
א א א א  א א   א א

א  א  אא،אאא  
K 

 א   אא   א 
אאאאאאWאא

אאאאא
א١٥٢٠א

אאK 
אאאאא

אKאאאאאא
 K אא  ١١٠ ٪    א א  

،אאאאא(Transient 

Recovery Voltage)אא  K א ( Interruption Capacity)
אאאאא

אאK 
אאאא 

 אFuse holder      

 אFuse base         

 אFuse carrier     

 אFuse link          



٢٦٥ א אא 

 אא אאאאאא 
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אאאK
אאאאK 

 
 

١KאFuse link        
 

   א א      אאא 
 אא(Cartridge)  אאא    

(Arc Extinction)אאאא Kא 
אאאאKאאאא

אאelement Kאא
K 

 
٢K אאאCurrent Rating 

 אאאאאאא
Kאאא (In)אא

אאK 
 

٣K אא(Minimum Fusing Current)      

 אאKאאא
אLאK 

 
٤K א(Fusing Factor)     

 אאאא
אאאW 

 
 



٢٦٥ א אא 

 אא אאאאאא 
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אא 
אZאאאא 

אא 
 

٥K אPre – Arcing Time    

 א  א א א    א  אא  א 
אאK 

٦K אArcing Time  

 אאאאאאאK 
א 

   א א   א     א א  
אL א א  אא   א  א  אK

אאאW 
 

אאאZאHא 
 

٢K٣K٢אאא 
 

אW 
١K אאאאא

אאK 

٢K אאאאאאאאK 

٣K אאא(Recovery voltage) 

٤K אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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٥K אאK 

٢K٣K٣אא 
 

אאאאאאאW 
KאאאW J 
١Kאאא Powder Filled Fuses        

אאאאאאא
K 

٢KאאאMiniature Fuses       
Kאאאאאאאאאא 

 
٣KאאאSemi-enclosed Fuses      

אאK 
٤KאאExpulsion Fuses         
٥Kאא Power Fuses           

 א       א     
אאאאא(Liquid quenched fuses) 

٦Kאאא Distribution break Fuses 
 א      אא      

אאK  
KאאאW J 

 אאאא٦٦٠K 

 אאאאK 

KאאאW 



٢٦٥ א אא 

 אא אאאאאא 
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Kאאאא( Non-Current Limiting Fuses) 

Kאאאא(Current Limiting Fuses)  

 Jאאאא( Non-Current Limiting Fuses)  

א א    א  אא  א     K

אאW 

١Kאא( Expulsion Fuses)      
    אא א    א א  

   ،א Kא   א א  א א  K
אאאאא(4000 – 5000 ºK) אאא

 אא   א א א  א   א  
 אא אאא אא

אאאKאאאא
אK 

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

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

אאאאאאא
אאאא

אK 
 

٢Kאאא( Vacuum Fuses)         
אאאא

א    אא  א א א א   א



٢٦٥ א אא 

 אא אאאאאא 
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אאאKאאאא
אאאאאKאאאא

אאאאאאK 
 

Kאאאא(Current Limiting Fuses)  
 

 אאא אאאא אא
אאא( Prospective Peak Current) אאא

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

א Kא אא א א   א    
אאאאאאאא( I2 t)K 

 
אF٢١Eאאאא 

 

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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 אא אאאאאא 
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אאאאאאאא
אאאאאא

אKאאאא
(High Rupturing Capacity – HRC- Fuses)K 

אאאא
Fא  E          Kא 

  א א א  א     ،אא  
אאאאאאאK 

א א א א      ( Dual Element)K
אאאKאא

  א F٢٢ E א א   Kאא  אא
אאאאאאא

אאKאאאKאאאא
אאאאאאK 

 

 
 

אF٢٢Eאאאא 
 



٢٦٥ א אא 

 אא אאאאאא 
 
 

- ٣٩ -  

אאאאאאא
א    א  א  א א א א K 

אאאאא
אאאאאF٢٣KE

אאKאאאא
אאK 

 

 
 

אF٢٣Eאא 
אאא  א،א  א ،אא

א אאאאא א אאK
   א א     א    א 

אאאאאאא
W 

 אאאK 

 אאאאאאא
אאאאאאאאאK 

 אאא  Fאא  E אא   א
אאאKאאא[IEC– 282] אאאאאK 

 א א אא אא   
אאK 

אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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 א F٢ J٤ Eא א אא  א א א אא 
אK 

    
 

 
 

    
  

אF٢ J٤Eאאאאאאא 



٢٦٥ א אא 

 אא אאאאאא 
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٢K٣K٤אאא 
 

 א     א  F  E     אא
אF٢ ٥E،אא( I2tc)٢אא
א( I2tm) ١אא Kא١א

אאאאא٢K 

 

 
 

אF٢٥Eאאא 
 

אאW 
 

١K אא   א  א א א  (Selectivity Ratio 

Tables)א א  K  א א  א  ١א א
٢א1 : 1.25 and 1 : 3 Kאאא

אאאאאאK 

 

2 

tc 

tm 

1 



٢٦٥ א אא 

 אא אאאאאא 
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٢K א א אא א א  א  א  Fא E
אאאאא Fאא Eאא

אאאא١אא
٢אF٢٦KEאאאא

K 

 

 
אF٢٦Eאאאאאא 

 
٣K אאאאאאKאאא

א א אא  אא א  א 
אFKEאאאF٢١Eאאא

א א א( I Nmin)  אא א ( 

Magnetizing Inrush Current) אאאא( INmax)
 א א  א     א   א  

אKאאK 

 

2 

1 

1 2 

  منحنى الانصهار

  منحنى الإزالة

I 

t 
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 א  F٢ ٢ E א א א אאא א F400 V Eא אא
אאאF10 – 12 kVEאאK 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢١E 

אאאאאF10 – 12 kVEאא 

 
אFkVAE FEINmin FE 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 

 
אF٢٢E 

אאאאאאF400 VEאאF10 – 12 kVE 
 

א
אFE 

80 125160200250400500? 8001000 

א
אFE 

6025254063100100160160200

 
אאאאK 

 
 אF٢ ٧a W E אF٢ ٢ Eאאא

א400100 KאF٢ ١E
אאאK 

 
 אF٢٧bWEאF٢ ٢Eאא160

KאF٢١E160 אאF100Eא
אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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  אF٢ ٧c  W Eא אאאא 200 K

אא40אF٢١Eא
אאאF63KEאאאא250

אאא63אאאK 

 
 

 
 
 
 

 
 
 
 
 
 

 
 

אF٢٧E  
 
 
 
 

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 



٢٦٥ א אא 

 אא אאאאאא 
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אאWאאא 
٢K٤אאא 

 
٢K٤K١ 

 
אאאא(Switchgear)

  אא  א         K
אאאאאאא

אK 
 

אאW 
 
١K אW 

 
aE    א אא  א   א ( Disconnect 

Switches) 
bE אאאא(Load – Break Switches)K 

 
٢ K    א א       א(Circuit 

Breaker)      K 
אאאאאאא

אאK 
 

אאאאW 
aE  אא א א אא א א 

אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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bE  א א  א     אא  א 

K 

cE אאK 

 
 א  K

אאאא
אא K א אא 

אאאK 
،אאאאאא

אאאKא
אאא אאאאאא K

אאאאאאאK 
 א אF  E  א     Kא

אאאFאאE
אאK 

 
٢K٤K٢אאא 

אאאאאאאאW 
 

١Kאא Rated Voltage              

אא אאFאאא KE
א א א   K א א

אאK 
 

٢KאאRated Frequency           

אאאאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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٣Kאא Rated Insulation Voltage    

אא א א א אא   K א
אאאאאאאאא

אאK 
 

٤KאאאRated Power Frequency Withstand Voltage 

א אא א( 50 or 60 Hz)א K
א א א א א  א

  Kא    ،א א א א א א א 
אK 

 
٥KאאאRated Impulse Withstand Voltage      

אאאאאאאאK
אאאאאאKאאאא

،אאאאאK 
 

٦KאאאאRated Continuous Current     

אאא
אאאאאא

אאFאKE 
 

٧KאאRated Breaking Current             

א אא א  א א  K א א
אאאאא(0.2 and 0.25)

Kאאא 
 



٢٦٥ א אא 

 אא אאאאאא 
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٨KאאRated Making Current          

אאאKאא
אאאאKאאK 

 

٩KאאRated Short – Time Current     

אאאאאאא
  א א א א א א א א  K א א

  א א     א    אא
אK 

٢K ٤K٣אא 

 
אאא ،אאא ،

אKאאK
אאאאא

אK 
אאאFEא(10,000 to 

20,000 Cº)אא( 10-5 Ω.m)Kאא
אאאאא

אאFאEאאאאאאאאK
 א  א     א  א  

אKאאאאאאK
א אא א א אא K،א א 

א،אא( 20 V/cm)אא 100
אא10 K 

א אאאא א אא K
אא،א

אאאאFאE
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 אא אאאאאא 
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אא אאK  אא 
א א   א א  Fאאאא 

אEאאא
אאאK 

 
אאFאEאW 

 
K    א  א א  א א אא אא 

אK 

K אאאאאא
אאאKאאאאאאK 

 
אW 

 
FEאא 

אF٢٨EאאKאא
אאאאKאאא

אא Kא א   א    אא
אא(Blow-Out Coil) 

 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٨Eאאאאא 

 
FEאא 

אאאא(Arc Splitters)Kא
אאאאאאF٢ ٩EK

א א   א א    אא א 
אאKאאאאא

אאKאא
אאאאאאאאאK 

 

XX

X

 لتلامساتا



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٩E 

 
٢K٤K٤אא 

אאאאאאאאW 
١K אאAir Circuit Breakers                                    

٢K אאMinimum – Oil Circuit Breakers   

٣K אVacuum Circuit Breakers                               

٤K אאSulpher Hexafluoride (SF6) C. B.  

٥K אאאאAir – Blast Circuit Breakers                          

 
 אאאאW 
aE אאאF1000 VELow Voltage C.B.                   

bE אאאF1kV33kVEMedium Voltage C.B. 

cE אאאF33kV240kVEHigh-Voltage C..B      



٢٦٥ א אא 

 אא אאאאאא 
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dE אאאF240 kVEExtra High Voltage C.B.      

٢K٤K٥אאא 
אאאאאKאאאאאא

א א  אא  K 
אאאW 

 
١K אא (Moulded -Case Circuit Breakers)              

 אא        א    K
א       א  א אא Kאא 

א Kאאא  1200 A 
10,000 א AאאאKאF٢١٠E

אאאאK 
 

 
F٢١٠EאFE 



٢٦٥ א אא 

 אא אאאאאא 
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٢K אאאא(Low Voltage Power Circuit Breakers)   

 אאאאא (Modular Design) אא
אאKא

  א4000א א  130,000  א    א 
אKאF٢١١Eאאאא 

 

 

 
אF٢١١EאאFE 

 
אאאWאאK 

 
aE אאא(Current – Limiting Breakers)      

 אאא אאא ، א 
אאFא٢١٢Eאא

אאIcא(Cut - off Current)



٢٦٥ א אא 

 אא אאאאאא 
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אא  א א Kא אא
אאאא10Kאאא

 Fא אא  Eא אאא 
אאאאאאאK 

 

 
אF٢١٢Eאא 

 
bE אאא(Non-Current Limiting Breakers)    

אאאKא
50אאאאK 

אא Total Breaking Time (Tb)אא
אW 

١K אTripping Time (Tt)אאא

אKאאאאK 

٢K אOperating Time (to) אא

אK 

قاطع محدد 
 للتيار

 قاطع عادي

t 

I 



٢٦٥ א אא 

 אא אאאאאא 
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٣K אאאArcing Time (ta) אאא

אאאK 

אאאא
אאאאKאW 

 
١K אא( Delayed Thermal Release) אא

אK 

٢K  ( Instantaneous)(Short –Time 

DelayK ( 

אאאאאא
אא ( 30 – 70 %) אא Kא

אאאאאאא
אאאK 

אF٢ ١٣EF٢ ١٧Eאא(tripping Characteristics)
 אא K   א א   א 

אאK 

 
אF٢١٣EאH 

  إعتاق فوري

الحد الأعظم 
  للإعتاق الحراري

  الحد الأدنى
   للإعتاق الحراري

  )IRأضعاف التيار المقنن (التيار 

 الزمن

I2 I1 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢١٤EאH 
 

 
אF٢١٥EאH 

   )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    



٢٦٥ א אא 

 אא אאאאאא 
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אF٢١٦EאHH 

 

 
 

אF٢١٧EאHHFא
אE 

 الزمن

IR(  ≈15أضعاف التيار المقنن ( التيار  In

 الزمن

0.5 sec 

0.03 sec 

 IR(   I3أضعاف التيار المقنن ( التيار 



٢٦٥ א אא 

 אא אאאאאא 
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٢K٤K٦אאא 
אאאאאאא

אKאאאאא
  א א   א   K    

אאאאKאאאאא
אאאK 

אאאFא٢١٨E 
אF٢١٨Eאאאאאא

 א   א א K  א  א  א
אאאאאאK



٢٦٥ א אא 

 אא אאאאאא 
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אאF٢١٩E 
אאFaE20אא

אאא2א and 3 אא
٢אK 

 
א  א 

א  
١ X  X 

٢ X X  
٣ X X X 

 
אF٢١٨Eאאאא 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢١٩Eאא 

٢K٤K٧אאאאא 
אאW 

١K אF٢٢٠Eאאאאא 

 J אאאFאKE 

 J א100אאK 

٢KאF٢٢١EאאאW 
 J אאאK 

 J א70אאK 

 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٢٠Eאאא 

 

 
 

אF٢٢١Eאאא 
 

WאאאאאאF٢٢٢KE 

≥ 70 ms 

  قاطع

t 

I 

≥ 100 ms 

  قاطع

t 

I 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٢٢E 

 
 אאאאא

אF٢٢٣KEאאאא
אאאKאאאאא٣٠K 

 
F٢٢٣Eאאאאאא٢١٢ 

 

11kV 
500kVA 
Ip =26 A 

Is = 760 A 
Isc=12kA 

380V 

200A 

 محول .م.مصهر ج  .م.قاطع ج



٢٦٥ א אא 

 אא אאאאאא 
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אF٢١Eאאאא63, 100K 
  א  א  א אא א  

א     א K א א   א  א א
100אא100K 

 
 

٢K٤K٨אאא 
אאאאאאאW 

FEאאאOil Circuit Breakers  
אאאW 

 J אאאאBulk Oil Circuit Breakers  

 J אאאא Minimum Oil Circuit Breakers  

  
א א אאא   

אאאאאאאאא
אאאאKאF٢٢٤Eאא

אאK 
 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٢٤EאאFE 
 

אF٢٢٥Eaאאא
 Kא אKא

Kאאא
אאאאאאאאאK 

אאאאא
 א א      א  אא  א 



٢٦٥ א אא 

 אא אאאאאא 
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אאאאKאאא
KWאאK 

אאאא،א
אאאאאאאאא

F٢٢٥bKEאאאאאK 
  א א  א א  ،  א    

אא  Kאאא א
אאF٢٢٥CEאאאF5E

א4,6א  Kאאאאאא
אאK 

 

 
אF٢٢٥Eאאאא 

    אא       א 
אאאא  Kא אא   KאF٢ ٢٥E

אאאאאא12 

kV, 31.5 kAאאאא10,000א
אK 

 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٢٥Eאאאא 

 
FEאאאאVacuum Circuit Breakers  

 
אF٢٢٦EאאאאK

א   10-7، 
אKאאאאאא

אKאאאא
Kאאאאאאאאא

 א   K  א  א  א א 
אאאK 

   ، א     א א   
אאF٢٢٦Eאאא



٢٦٥ א אא 

 אא אאאאאא 
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אאאאKאF٢
٢٧EאאK 
 

 
אF٢٢٦EאאFE 

 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٢٧EאFE 
 

אאאKאאא
א100אאא20,000אאאאK

אאאאאא30,000א
אאKאF٢٢٥Eאא

אאאא12 kV, 31.5 kAK 
 א א אאאא   א   א Fא E 

אאFאSulphur Hexafluoride (SF6)
אאK 

 
٢K٤K٩אא(SF6 Circuit Breakers)   

אא،אאא א
  K אאא20 Cº 6.07 هي L



٢٦٥ א אא 

 אא אאאאאא 
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אאאאאKאF٢٢٨Eא
אאאאאאאSF6 K 

 
אF٢٢٨EאאאאSF6אא 

 
אאאאא( electro-

negativity)אאKאאאא
  א  א אא א  א א  א  א

אאאK 
 

  א א אא א  אא
אאאאאאאK 

    א  א
אאFSF4 , SF2 , SF2 ,….Eא

אאאאאאאאKאאאאSF6 
אאאאאאאאK 

 
 
 



٢٦٥ א אא 

 אא אאאאאא 
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א( SF6)   
 

אF٢ ٢٩E SF6 אא Kאאא
א3.5 Kאאאא

אאK 

 
 

אF٢٢٩Eא 
 

אF٢٣٠EאKאFaEאאא
(2),(1)אאא(3) אא(4),(5)אא(6) K
א(b)אאKאא(4),(3)אאא

אא(7),(8)אSF6 אא(9)אא(10)
אאאאK 

 



٢٦٥ א אא 

 אא אאאאאא 
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F٢٣٠Eאא 

(a)،א(b)،א(c)א 
 

אאאא10 – 20 אא2000 – 4000
אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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אאWאאא 
٢K٥ Jא 

٢K٥K١ J 

אאאא،
א   א אא    K    א 

אאאאא Kא
א א   א אא  א א  א  א 

KאF٢٣١EאאאאאK 
 

אאאF٢٣١EאאאאW 
 

١K אK 

٢K אאK 

٣K אK 

٤K אK 

٥K אK 

٦K K 

٧K K 

٨K אאK 

 



٢٦٥ א אא 

 אא אאאאאא 
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١אK  ٢אאK ٣א ٤אK 

٥אK ٦אK  ٧אאK ٨אאK 

 
אF٢٣١Eאא 

 
٢K٥K٢ Jאאא 

 
אאאאאKאא

א א א    K א  א  
אאאאאK 

 
אאאאW 

١K אK 

٢K אאאאא

אאK 

אאא7אא
  אא    א א   Kא  
(interlock) א אא    אא   א 

אK 

١  

٢ ٣  

٤

٥  

٧  ٦ 

٨  



٢٦٥ א אא 

 אא אאאאאא 
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א 
 

א  א א  א  א   א   K 
אאאאKאאאW 

١K אאא،אK 

٢K אא،(VI cosΦ)K 

٣K א،אאאV/I 

٤K א א   ،א  א א  א    Fא

אKE 

٢K٥K٣ Jאא 

אאW 

١K אאא       Thermal Relays     

٢K אאאא Electromagnetic - Attracted - Relays 

٣K אא       Digital Relays  

٤K אאאאא Electromagnetic Induction Relays 

٥K אא        Static Relays 

 
   א א  א א א  א א

אאאאאאאאK 
 

 
 
 



٢٦٥ א אא 

 אא אאאאאא 
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FEאאInduction relays 
 

אא א   א א א א   א א 
אא،אא

אאאאאאK 
   א א    א אΦ1 و Φ2 

א אא אאא א א   K  א 
א TΦ1 و Φ2  אאθ  W 

 
T α  Φ1 Φ1 sin θ   

 
אθ.  

  
אא Wאאא(shaded – 

Pole)K 
אאWאK 

 
אF٢٣٢EאאאאKא

אאא אאאא K
א Kא_אא

אאאאאאא 
אαא40º – 45 º K 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٣٢Eאאאא 

 

אF٢٣٣Eאאאאא،
אF٢٣٤EאאאאKא

א א א αאאא
א Kא    א  א   א א   ،א

K 

 
 

אF٢٣٣Eאאא 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٣٤Eאא 

 
 

אא 
 

אאאW 

١K אT1א،   T1 = k1I
2
             

٢K אT 2،     T2 = k1 I0
2                       

I0אK 

٣K אT3א    T3 = k2 (d/t)        

 

d אאא 

t אFאKE 

 



٢٦٥ א אא 

 אא אאאאאא 
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אאאאW 
T = k1 I

2 – k1 I0
2 – k2 (d / t) 

אאT = 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 

אאא(Inverse – Time Relays) K 

 

 
אF٢٣٥Eאאאאאאא 

אא 
 

אאאאאא
א  א  אא  K   א    

אאאאאא
אאאאKאאאW 

 

I0 I 

t



٢٦٥ א אא 

 אא אאאאאא 
 
 

- ٨٠ -  

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

0.5 & 11KאאאאK 

٢K אאKאא
אKאK 

 
אאאא

، א אא Kא
 א  א א    א   א אא

אאאאKאF٢٣٦Eאא
אאאאאאא

אאאאK 

 
אF٢٣٦Eאאאאאאא

FE 
FEאא 



٢٦٥ א אא 

 אא אאאאאא 
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א א      א א  
K 

אא אאאאא
אאאאאKא

א א     א  א
אאKאאאא

 אא א   א א א K
אאאאא،א

אK 
אאאא 

אF٢٣٧E אאא Kא 
אאאF1EאאאאK

אאא F3Eא  א
א  F4 KEא     א  א     

אKאF5Eא
אF7 E אאא אאא  K

אאאF8KEאאא
אאF9EאאK 

 
 
 
 
 
 
 

אF٢٣٧Eאא 

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



٢٦٥ א אא 

 אא אאאאאא 
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אא 
 אF٢٣٨EאאאאאאאK

אV1FאאBEאאאא
אKV1אVEאא א

אאEאCKאאV1VEאא
אאאאאאאK 

 

 
אF٢٣٨Eאאא 

FEאאא 
אאאאאאאאW 

١K אאא
אאKאאא

F٢٣٩KE 

٢K אאFא
C – L KE 

٣K אFאR – C KE 

 

- 

+

V1 

B 

C 

E 

+
VE 

  ملف إعتاق القاطع

  دائرة  إعتاق القاطع



٢٦٥ א אא 

 אא אאאאאא 
 
 

- ٨٣ -  

 
אF٢٣٩Eאאאאא 

 
FEאאא 

 אF٢٤٠Eאאאאאא
 א   א א א       F  
א א אאא אא א C1 & R1  KE 

אא אT1 אR2 אאאאC2  K
 T1 אא P א א

אאT1 אאאאT2 אאTR K
אאאאאאTh אאDאK

אאאאK 

 

 
F٢٤٠Eאא 

الدخل من 
المحول 
 الرئيسي

R1 

C1 

C2 

R2 

T1 TR 

D

   المحول المساعد

T

+Vc 

P 

  الدخل  الخرج



٢٦٥ א אא 

 אא אאאאאא 
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٢K٥K٤ JאאOver Current (O/C) Protection    
אאאאאאK

אאאאKאאא
אאאאאK 

א אא אא א  
Kאא אא K

 א אאא א
אא Kא  א  א  אא

אאKאאאא
 א א א א      

אאF٢٤١aKEאאא
אאאא (Inverse – Definite – Minimum Time Relay; IDMT)K

אF٢ ٤١bEאאאאא K
אאאאאאF٢ ٤١b Eאא

،אאKאא
אאאאאא

אאאאאאאK 
 

 



٢٦٥ א אא 

 אא אאאאאא 
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FaEאאאא 

 
FbEאאאאא 

 
אF٢٤١Eא 

 العكسيةالفائقة. ١

 لشديدةالعكسية ا. ٢

 العكسية المحددة للزمن.  ٣



٢٦٥ א אא 

 אא אאאאאא 
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א 
אKאא

אF٢٤٢KE 

 
אF٢٤٢Eאאא 

 
אאא 

א    א א    א  K 
אאW 

١K אאאאF1000KE 

٢K  אאאאF500 kVA Eא

א(differential Protection) K 

٣K אאא(Impedance Protection)K 

٤K אאאאאK 

 

 قاطع الدائرة

 الجهاز المحمي

-

+



٢٦٥ א אא 

 אא אאאאאא 
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א 
١K אאאאאK 

٢K אאאאאאאK 

אאאאW 

Kאא Time grading  

Kא Current grading     

K  א א  א  א א א א(IDMT 

Relays) K 

אאאComponents of Induction Type O/C Relay  
  א F٢٤٣ E  א א א  א   א אK

אאאאאW 
 אTap BlockWאאאאא

FאKEאאאאK 

 אShading RingWאFEאאא
אאאאאKאא

אאK 

 אאDamping Magnet Wא א
אאאאאFאא

אאאKE 

 אאTime DialWאאK 

 אSpring WאWאאא
אאאאא K אא
אאאאK 



٢٦٥ א אא 

 אא אאאאאא 
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 אC.T.Wאא
אW 

 
١K אאאKא1A or 

5A K 

٢K א  א א     א א    א 
אאK 

 
 

 
אF٢٤٣Eאאא 

 
 W אא1 A א125 % 

אאאT.M.S = 0.6 Kאא400 : 1  א

4000 AאF٢٤٤KEאאK 

 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٤٤E 

אW 
 

אא   I = 4000 / 400 = 10 A          
אאאI0 = 1 * (125 / 100) = 1.25 A       

 
אאאאאאאI / I0 = (10 / 1.25) = 8   

 
אF٢٤٥Eאt = 2 Seconds    

 
F٢٤٥E 

 
 

R

C.B. 

F 
  4000 A 



٢٦٥ א אא 

 אא אאאאאא 
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٢K٥K٥ JאאDistance Relays 
 

אאאאאא
אKאאאאאא

אאאKאאא
Fk I2EאאFk\ V2E
אKאאאאK 

  

k

k
             

k

k
           

I

V

V  k           

2

22













Z

Ik

 

אאאאאאk′
k


אאאF٢٤٦EאKאאא

Kאאא

KFEאאאk′
k

k′  ,  kאK 

 
אF٢٤٦Eאא 

- R R 

X 

- X 

k′
k

المرحل 
  يعمل

 المرحل لا
  يعمل



٢٦٥ א אא 

 אא אאאאאא 
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٢K٥K٦ Jאא Directional Relays   
 

 אאאאאF٢٤٦KE
אאאאאא

F٢٤٧EאאאאK 
אW 

) - ( Cos   V IT  
φאאאIאV 

θאאφאK 

 
 

 
FEאא 

 

θ 
90- θ 

المرحل 
  يعمل

المرحل لا 
  اتجاه التيار  يعمل

   لأقصى عزم

  صفر= مسار العزم 

  الجهد



٢٦٥ א אא 

 אא אאאאאא 
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FEא 

אF٢٤٧Eאאא 
 

אאDirectional Over Current Protection  
 
 א א א   א א א    

אאאאאאאאאאאאא
אאאאKאאאא

אאאK 
 

אאMethod of Operation for Directional Relays 
 

   א א Induction Relay   F   E
אF٢٤٨EאאאK 
 

R -R 

X 

-X 

المرحل يعمل في 
  هذا الاتجاه

المرحل لا يعمل 
  في هذا الاتجاه



٢٦٥ א אא 

 אא אאאאאא 
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אF٢٤٨Eאאא 

 
אVrφvא Ir φc

אאW 
 

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

 

Ir 

Vr 

Φc 

Φv 

T+ve 

Ir ,Φc 

Vr 

Iv ,Φv 

Φr ψ 
α 



٢٦٥ א אא 

 אא אאאאאא 
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FαEאאאא  و φrאאאאאא 
אW  

 JאφrאאK 
 J אא א φr א    א

אK 
אאאאאאא

אאK 
אאW 
 אאאW 

 

α  = 90º , So;  T = k2  Vr . Ir. Sin   φr   
 אא Active Power Relay אW 

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

٢}٦ JאאSolenoid coil  
אאאאאא 

FאאEאF٢א٤٩KE 
 

אF٢٤٩E 



٢٦٥ א אא 

 אא אאאאאא 
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٢K٦K١ Jאאא 
אאאא

אאאאF٢א٥٠KEאאא
K 

 
אF٢٥٠Eאאאא 

 
אאBאאא(Ampere,s law)

א،אאW 
Bl = µ0Ni     (1) 

W 
  BWאא 

lWאא 
NWאא 
µ0Wאאµ0  = 4π 10-7

 
א(1)אאBW 

B = µ0          (2) 
 

BאאאW 
B = µ0 µr          (3) 

µrאאאא،1000K 
 
 



٢٦٥ א אא 

 אא אאאאאא 
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אאF( 

אאאFאlאdEאא
אאאאאאKאW 

 
B = µ0 µr                                                                          

אאØW 
Ø = µ0 µr                                                                       

אאK 
אW 

 
אאאµrFאKE 

אאאאאµrFאא
אØא א א   Kא  א

אאאאW 

 
 

٢K٦K٢ Jאאאאא 
אאאאאא

אאאאFאאKE
אאאאא

K 



٢٦٥ א אא 

 אא אאאאאא 
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אF٢ ٥١Eאאאאאאא K
אאאK 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

אF٢٥١Eאאאאאא 
 
  א א א א א(inrush current)א א א

א(holding current) Kאאא5:1א
15:1אאאK 

 
٢K٦K٣ Jאא 

 אאאאא אא
Kאאאאא

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 



٢٦٥ א אא 

 אא אאאאאא 
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 אאFא א א  E    אא  א 
אאאK 

 
 Jאאא 

אאאאאאKא
אאאאKK

אאאאאFא WאאE
אFאWאKEאאאאא

אאK 
  א א א א   אא א א  

אאאKא
אאאK 

א    א א   Wא א א K א א 
אאא،،אK 

אאF٢ ٥٢Eאאאאא
אK 

 



٢٦٥ א אא 

 אא אאאאאא 
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F٢٥١EאאאאאאK 

 
א א א K  א אA KB  

(elastic diaphragm)Kאא
 א       K א  א אאC א  

אאאאK 
אאאאאאא

אאאאאK
אא،אאאB

אאאאאא Kאאאא
אK 



٢٦٥ א אא 

 אא אאאאאא 
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אא،אDאאא
אKאאEאאF

אאEאאאCאאDK
אאאאאא AFK 

 א    א א   D      
אאאK 

 א א א א אאא
אאאאאאK 

א אא،א א K א
א،א(pilot)،Kאאא
אWאאK

אאאK
אאאאאאK

אאאאאאא
K 

 
 
 Jאאא(starter solenoid) 

אאאאאKאאאא
אאאא(ignition switch) Kא א

Fא   E     א א א  א א 
אאאאK 

 אאא  
אאWאאאK

אאאאK 

 
 
 



٢٦٥ א אא 

 אא אאאאאא 
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٢٦٥ א אא 

 אא אאאאאא 
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אא 
אWאא 

١KאאאאאK 
٢KאאאאK 
٣KאאאKאאאאאK 
٤Kאאאא

K 
٥KאאאאאK 
٦KאאF٢ J١EאF٢ J٢Eאאאא

אK 

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 



٢٦٥ א אא 

 אא אאאאאא 
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אאFאאאE 
١KאאKאאאK 
٢Kאאאאאא

אאאאאK 
٣KאאאאאאאK 
٤KאאאאאאKאאא

אאאאאK 
٥Kאאאאאאאא

אאאK 
٦Kאאאאאאאא

אK 
٧Kאאאאאאא

אאK 
  
  

אאWא 
  

١KאאאאאאאאK 
٢KאאKאאא

אK 
٣KאאאאאK 
٤،אאאאאK 
٥KאאאאאK 
٦KאאאאאאאK 
٧KאאאאK 

 


