


אאאא
  

א 
 

1 
 

אאW 
אא 

 
א 





אאאא
  

א 
 

2 
 

 א

  א
אאWאא5 

F1 J1E 6 
F1 J2Eאאא 8 

F1 J3Eאאא 12 
F1 J4Eאאאא 15 
F1 J5Eאא 16 

אאWאא28 
F2 J1Eאא 29 
F2 J1 J1Eאא 30 
F2 J2Eאא 35 

אאWאא 45 
F3 J1E 46 
F3 J2Eאא 46 
F3 J3Eאאא 52 
F3 J4Eאא 56 

אאאWאאאא 69 
F4 J1Eאאאאאא 70 
F4 J2Eאאאא 71 
F4 J3Eאאאא 74 
F4 J4Eאאאא 75 
F4 J5Eא 76 

אאWאא 82 
F5 J1Eאא 84 
F5 J2Eאאאאאא 95 
F5 J3Eא 106 



אאאא
  

א 
 

3 
 

F5 J4Eאאא 108 
F5 J5Eא 109 
F5 J6Eאאא 110 
F5 J7Eא 110 

אאWאאאא 119 
F6 J1Eאא 120 
F6 J2Eאא 121 
F6 J3Eאאאא 126 

אאWאאאא 135 
Wאאאא 136 

F7 J1Eאאא 136 
F7 J2Eאאאא 138 
F7 J3E 140 
F7 J4Eאαγ 141 
F7 J5Eאא– 143 
F7 J6Eאאאא 144 
F7 J7Eא 146 

Wאאאא 149 
F7 J8Eאאאאא 149 
F7 J9Eאאא 149 
F7 J10Eאאאאא 151 
F7 J11Eאאאאאא 151 
F7 J12Eאאאאא 152 

Wאאאא 153 
F7 J13Eאאאא 153 
F7 J14Eאאאא 157 

 



אאאא
  

א 
 

4 
 

 
 ،،א א،א

W 
 א א אא אאא  א א

אאאאאאאא،א
     א א א    א  

אאאא   א א
א،אאאאK 

 
 א     א   א אא  

،אאאאא
א،אאא

א ،אאא א אא א א
אאאאא

אאאאאאאא،א
אא،אא

אאK 
 

  א א   ?א א  ?  ? 
א ?אאאאאא

אK 
 

 אאאאאא
 ،א א אא         א 

،אאאא
אאK 

 
   א    א ،    א א

אK 
 

      אאאא 
  



אאאא
  

א 
 

5 
 

  

 

אא 

אא 



אאאא
  

א 
 

6 
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F1 J1E 

אאאא،
אאאאK 

א א    Wא   
אא   אאא،   
אאאאאאאK 
 

א א     א
אא(primary distribution system)א33-6.6kV

 Jאאאאא13.8kV J
 א אא (secondary distribution system)

 א א א     א  א 
220/110V380/220VK 

 

 אF1E   א א אK
F2EאאאאK 

 

א א     40%א 
 אא א א   א א   א

אאאאאאK 
 



אאאא
  

א 
 

7 
 

  
א1)Eאאאא 



אאאא
  

א 
 

8 
 

 
2)Eאאאא 

 

F1 J2EאאאPrimary Distribution and its types 

 א א אא א א א  א 
   א   א  א א 

אאאK 
אאאאW 

1 JRadial distribution system 

2 JLoop or Ring distribution system 

3 JNetwork distribution system 
4 JאPrimary selective distribution system 
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F1 J2 J1ERadial distribution system 
 א א  א א  א א   א 

אאאאאאK
 א F3E    K  אא א 
אאאאאKא

 א   אאא א אא א
אאKאא

אאאאאK 
 

 
F3E 
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F1 J2 J2ELoop or Ring distribution system 
אאאאא

א אאאא Kא
אאאאKא

אאאא
א     K אא  א F4E

F5EאאK 

אאאאאאא
אאאKאאאאא

אאאK 
א אא אא

אאאאאאא
אאאאאאאK 

 א  א  א    א   
אאאאאא

אאאאאאK 

 
F4E

א 

 
F5E

 
F1 J2 J3ENetwork distribution system 
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א  א    א א  א 
אאKאFEאא

א א K
אF6E Kא אא

 א  א    א  אא א
אKאאא12.534.5kV. 

 
F1 J2 J4EאPrimary selective distribution system 

אאאKאא
א אK

אאאאאאא
אKאF7EאK 

 
אF6Eאא 
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يلوأ يذغم

 عطاق
يسيئر

 حاتفم
لمح

لامحأ

 لوحم
عيزوت

 ةطحم
تلاوحم

 
F7Eא 

F1 J3EאאאSecondary Distribution Systems 

     א א  אא א
 א  א      א 

א  א K  א  א א  
240/120Vא208/120Vא480Y/277 V
  Kא אא   אא    א

אאאאאא70%אא
אאK 

אאאאW 
1 JRadial secondary distribution system 

2 JSecondary banking 
3 JNetwork secondary distribution system 
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F1 J3 J1ERadial secondary distribution system 
אא אאא

אאאאא
אא

אאאאK
אאאאאK

F8EK 
 

F1 J3 J2ESecondary banking 
א        א  א א  

אאא Kא א
 Kאאאא א

אאאא
Kאא30%א

אאאאאKF9E
K 

 

 
אF8E 
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F1 J3 J3ENetwork secondary distribution system 
א KאאFEא

א אאאא
א  אא     א א   Kא  

א  א   א א א אK
אא אא   א א   א א א

אאאאKF10E 
ةكبش لوحم

120V/208V Y
وأ

277V/480V Y

ةيوناث تايذغم
يذغملا لوطب

يسيئرلا

لامحلاا يلإ

 
אF10E 
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F1 J4Eאאאאcompact ring main unit  

 אאא א 
אאא

א K  א  א   T (T-off) 
אאאאאאא

אאKKאאא
א
א(disconnectors)

  אK  א K F11E
אאאאאKF12E

K 

 
אF11Eאאאא 

 

 
אF12E 
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F1 J5EאאSecondary distribution Substation 

    א   א א א (metal-clad 

drawout type)36kVאאאא
א K אא א אא
Kאאאא

אLK 

אאאאאאאW 
 Jאאאא 
 Jאאא 
 Jאאא 
 Jאאאאא 
 Jאא 
 Jא 

אאאאא(interlocking)אא
אW 

1 Jאא 
2 Jאא 
3 Jאאאא 
 

F1Eאא 

אא
kV 

אאא
MVA 

אאA 

12  250, 350, 500, 750  400, 800, 1200, 1600, 2000, 3000, 
3500  

7.2  250, 350, 500  400, 600, 800, 1200, 1600, 2400, 3200 

3.6  150, 250  400, 800, 1600, 2000, 2400  

0.440  15.6, 26, 31  400, 600, 800, 1200, 2400  
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F1 J5 J1EאDistribution Transformer 

אאאאKא
אאא

אא א א א  א   
אאK 

אאאאאאאא
(pole type)א F13 E אא   (pad-mounted) א

F14E אא אא (vault or network 

type)  אF15E  والمحولات المغمورة في الماء(submersible type) אF16KE 

 


אF13Eאאאא 

 

 
אF14Eאא
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אF15Eאאאא 

 

 
אF16Eالمحولات المغمورة في الماء 
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  א אאא   א    א 
Kאאאאא

אאK 
אאאאFאE

א      א   א 
אאK 

 א  א   א א א  
 א אא

אKאאK 
 

אאאאאאK 
א א   א  א א  א  א

א א אא א    Kא א  
אאאאאאאK

א אאאאא א א K
אאאאאאK

אאאאאאאאא
אאאאאK 

 

אאאאאאא
אאא

אאאאK 
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F1 J5 J1 J1EאDistribution Transformers Ratings 

אאאאאא
אאאאא Kא

kVAאא אאא
אאKF2EאאאK 

 
F2Eאאא(kVA) 

אאאא אא 
א  א  

5 15  25 75  
10  30  37.5  112.5  
15  45  50  150  
25  75  75  225  

37.5  112.5  100  300  
50  150  167  500  
75  225    750  

100  300    1000  
167  500    1500  
250      2000  
333      2500  
500       

 
F1 J5 J1 J2E א Distribution Transformers 

Connections 
 אא  א    אא א א א  
   א אא    אא א   

אKאאאאאא
אאאאא

אK17א
   א  א2400V120V

 א א    א א  K    א
 א א  א א א   4800אV 7200V  و

13200V 34400وVK 
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F18Eאאאאא

2400V120/240Vא
א  א א   Kא  א  א א  

אאאאא120אV
אאאא240אVK 

 
F17Eאא120V 

 

 
F18Eאא120/240V 

 F19E  א   א
אא4160Y/2400V
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120/240Vא Kא4160אV
 א  2400אVא   K א אאאא 

 א אא  א 8320 אY/4800  و

12470Y/7200 13200 وY/7620  13800وY/7970    22860وY/13200  و
24940Y/14400   34500وY/19920. 

 
F19Eאא120/240V 

  الملف الابتدائي موصل بخط التعادل أو الأرضي

אא120V  120/240أوV أو240V
אאאאאאא

א Kא א  א  א א  K
אאאאK 

 אא א א      א  
א  K א א אא    

        J   J 
 J JK 

F20EאK 
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F20Eא 

 

F1 J5 J2Eא 
אאF1000אVEW 

1 JאאאאMiniature circuit breaker 
2 JאאאאאאMoulded case circuit breaker 

3 JאאאAir circuit breaker  
 

אאאW 
1 JאאSF6 circuit breaker 

2 JאאאאVacuum circuit breaker 
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FEאא 
1 JאאאאMiniature circuit breaker 

אאאאאאא
א א   א אא   א א

 אאא K  א אא
אאאא

א  א K   אא    100A   415VK
  א    א     א

אאאאאאאאK 
   אא  א  Jא J

אbimetallic tripping mechanism
אאאאאא K

אאאאאאא
אאK 

 

אאאאא(BS 3871 part1) 

                                  5, 6, 10, 15, 16, 20, 25, 30, 32, 40, 50, 80, 100 A 
א  א א א    אא  

אא אאא16kAא 
אאא9kAK F21Eא

K 
 

 
FEא 


FE 


FE 


FE 

F21Eא 
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2 JאאאאאאMoulded case circuit breaker 
א אא     א   א  א א

אאאאא
3000Aאא Wאאאא

undervoltage trips א  current limiters  K
אאאKא

  א אא  א     אא  א 
 אא אא

אאKF22Eא 

 
F22E 

 

3 JאאאAir circuit breaker 
 א א    אא אא א א

א  א  א א Kא א  אא  א א 
אאאאKאאאאא
אאאאאK

אאאאאא
אאKאאאאא

אאאאאK 
א    א א  א א א 

אאאאאאאא
אאאK 

FEאא 
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1 JאאSF6 circuit breaker 
 אא    א       א 

אאאKאא
אא אאא אאא 

Kאא(Puffer type circuit breaker)
  אא אא אא א א א 

אKאאאאאאא
 א א   א  Kא א  א   

 א  אא אא 
  א  א א   Kא 

אאאאא
אאאאא

אאאאK 
 

  

אאאאאאא 

F23Eאא 

 1 Jאא   5 Jאא 
 2 Jאאא   6 Jא 
 3 Jאאא   7 Jאא 
 4 Jאא 

 
 
 



אאאא
  

א 
 

27 
 

  Vacuum circuit breaker القاطع الفراغي  -2
    אא 10-4 א 

    א א  אא  1  א 
אאKאאאאאאאאאא

אאK 
אאאא
Kאאאא

אא אK
אאאאKאא

K 
 אא   אא א  אא   א Kא 

א א   א  א א   
אאאאאאא

אאאאאK 
אאאאאאאK

אאאאאאאאאא
K 

 

  )أ(    

      

  )ب(   

  القاطع الفراغي )24(شكل 
  مقطع بغرفة الملامسات) ب(    غرفة الملامسات) أ(  
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אא 
 

F2 J1EאאDC Distributors  

אאאאאא
אאאK 

אאאאאאא
    א  אא  א   אF1E K 

אאאK 
 

  
F1E 

 

אאאאאא
אאאא א K

אאאא א
א    K א א א  א  2V 

אאVאאאV
אKF2EאK 

 

  
F2E 
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F2 J1 J1EאאW 
אאW 

 J 
 Jא 
 J 
 Jאא 

 
 JW 

r1r2r3r4אאACCDDEEFאK
R1R2R3R4אאאACADAEAFא

F3EK 

 

 
F3E 

 

אאאאאW J 
 
  

                                    (1)                                         V = I1r1 + I2r2 + I3r3 + I4r4 
 
 

אאCDEFW 
 

I1 = i1 + i2 + i3 + i4                               I2 = i2 + i3 + i4            
             I3 = i3 + i4                                             I4 = i4            

 
                          i1 + i2 + i3 + i4) + r2(i2 + i3 + i4) + r3(i3 + i4) + r4(i4) V = r1( 

                                         = i1r1 + i2(r1+r2) + i3(r1+r2+r3) + i4(r1+r2+r3+r4) 

                                    (2)                    = i1R1 + i2R2 + i3R3 + i4R4              
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אאD 
                                                                                 VAE = i1R1+i2R2+R2 (i3+i4)  

 = Dمجموع العزوم حول +  Dمفترضا أنه عند  Dعزم الحمل الكلي بعد   (3)                  

 
1 W300mא א

30A40A100A50A40m100m150m
250mאאAאאאאא

10Vאאאא
א1.78x10-8Ω.mK 

A

30 40 100 50

220 190 150 50

B D EC

 
F4E 

 

אW 
אאאאאV = i1R1 + i2R2 + i3R3 + i4R4 

אאאאV =2(i1R1 + i2R2 + i3R3 + i4R4) 


A

L
R  

אאאא)(2 44332211 LiLiLiLi
A

V 
 

 

)25050150100100404030(
1078.1

210
8

xxxx
A

x
x 



 
 

2410163.1 mxA  
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 JאW 
  א א  אאא K

אא،א
אאאK 

 

2 W0.1Ω/kmא
אאאאאא200VK 

 

 
F5( 

 
 

אWאאr = 0.1 ÷ 1000 = 10-4 Ω/m 

אאאZ 
                      ix10-4x500 + (i-50)x10-4x700 + (i-150)x10-4x300 + (i-300)x10-

4x250 = 0 
 

                                                                                                       i = 88.6 A 

                                                                                     i-50 = 88.6 - 50 = 38.6 A 

                                                                                   i-150 = 88.6-150 = -61.4 A 

                                                                                 i-300 = 88.6-300 = -211.4 A 

אאA =88.6 
אאB =211.4 

 
 
 
 
 

 J 
 3 W   AB    800m  

W 
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אA700       600       500        250       100 

20         80          50         70         40א 

אאA248 VאB245Vא0.05ΩW 
FEאאABFEאאא 

אW 

אאאR = 2 x 0.05 = 0.1 Ω 

אאAxאאאא
K 

אאאאABVAB = 248 -245 = 3 V  

 

 
F6E 

 

אאmr /
8000

1

800

1.0
 

 
3)]260(100)220(100)150(100)100(250)20(150100[

8000

1
 xxxxxx 

 
Ax 75.143   115000800  x 

 

אאA         iA = x = 143.75 A 

אאBiA = x-260 = 143.75-260 = -146.25  A 

אאW 
 

 
F7E 
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אאא 
]10025.11610025.7610025.625075.4315075.12310075.143[

8000

1 222222 xxxxxxP  

WP 3.847 
  

 JאאRing Distributor 

אאאאאKא
אאאK 

 

4WאAא400V1500m
0.03Ω/km א150A אB500mA

א200AאC300mBאאBC
אאBCK 

אWאאאאZ0 
                                        ∆V = (ρ/A)[500I + 300(I-150) +700(I-350)] = 0 

                                                                                         I=193.3 A 

אאABא         iAB = I = 193.3    A 

אאאABVAB=2(193.3x500x0.03/1000)=5.8 V 

אאאBCVAB=2(43.3x300x0.03/1000)=0.78 V 

אאBVB = 400-5.8 = 394.2 V           

אאCVC = 394.2-0.78 = 393.42 V           
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19
3.

3A 156.7A

 
 

 

50
0m

700m

 
 

F8E 

F2 J2EאאAC Distributors  

אאאאאאאאאW 
1 J א

אאK 
2 J אאאאאאאא 

3 J אאאא 

5W      1kmא     
100A   0.8 א  200V  א 

א60A0.9Kאאא
אא0.06Ω0.08Ω אאא

אאאאK 
 

 
F9E 
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אWאאCV Vc = 200 + 

j0 

אאCIc = 100(0.8-j0.6) = 80 – j60  

   A 

א BC אZBC = (0.06+j0.08)/2 = 

0.03+j0.04 Ω 

 אאאBC         VBC = ICZBC = (80-j60)(0.03+j0.04) = 

4.8+j1.4    V 

אאB                                       VB = 200+j0+4.8+j1.4 = 

204.8+j1.4    V 

אאBIB = 60(0.9-j0.4357) = 54-

j26.14  A 
אאAB    א  IAB = IC + IB = (80-j60) + (54-j26.14) = 134-

j86.14  A 

 אאאAB   VAB = IABZAB = (134-j86.14)(0.03+j0.04) = 

7.46+j2.78 V 

אאאא 
VAC = VAB+VBC = (7.46+j2.78) + (4.8+j1.4) =  

12.26+j4.18    V 
 

 6W  א    500m  א א(0.02+j0.04)Ω 

250Vאאא50A
1.0200mאKא100A0.8

300mאKא50A0.6
אאKאאאאאאא

אאK 
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F10E 

אWI1 = 50(1+j0) + 100(0.8-j0.6) + 50(0.6-j0.8) = 160-j100   A 

I2 = 100(0.8-j0.6) + 50(0.6-j0.8) = 110-j100   
A 

I3 = 50(0.6-j0.8) = 30-j40   
A 



 016.0008.0
500

200
)04.002.0( jxjZ AC 



 008.0004.0
500

100
)04.002.0( jxjZCD 



 016.0008.0
500

200
)04.002.0( jxjZ DB 

אאא 
VAB = I1ZAC + I2ZCD + I3ZDB                         

         

=(160-j100)(0.008+j0.016)+(110-j100)(0.04+j0.008)+(30-j40)(0.008+j0.016) 
= 5 + j2.4    V 

אאאVB = VA – VAB = 250(1+j0) – (5+j2.4) = 245 –

j2.4 
7Wא1km0.2אΩ

אא0.3Ωאאא240Vאאא
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100A0.8Kא100אA0.6 
Kאאא 

אWאאZ = 2(0.2+j0.3) = 0.4+j0.6  Ω 

  AI2 = 100(0.8-j0.6) = 80-j60 

I1=100(0.8-j0.6) + 100(0.6-j0.8) = 140-j140  A 

 
F11E 

Vj
j

j
Z

IVCB 1234
2

6.04.0
)6080(

22 


 

Vj
j

j
Z

IVAC 1470
2

6.04.0
)140140(

21 


 

VAB = VAC + VCB = (34+j12) + (70+j14) = 104+j26  V 

VA = VB + VAB = (240+j0) + (104+j26) =344+j26 
 

 8 W א     A K   אB 20A
0.8אC15A0.6Kא

אABא(1+j2)BC(1+j2)CA(1+j3)א
אאAאאאאK 

אW     iB = 20(0.8-j0.6) = 16-j12 

iC = 15(0.6-j0.8) = 9-j12 

 



אאאא
  

א 
 

39 
 

1+
j1

1+j3
1+j2

 
F12E 

אאאZ0 

       i1(1+j1) + (i1-(16-j12))(1+j2) – i2(1+j3) = 0 

          (4)  i1(2+j3) – i2(1+j3) =  (16-j12)(1+j2) 

(5)     iA = i1 + i2 = (16-j12) + (9-j12) = 25 – j24 

(5)(4) 
i1(2+j3) – ((25-j24)-i1)(1+j3) = (16-j12)(1+j2) 

i1(3+j6) = (16-j12)(1+j2) + (25-j24)(1+j3) 

i1 = 18.6 – j13.53 

אאABא iAB = i1=18.6-j13.53  A 

(5)i2 

i2 = (25-j24)-i1 =(25-j24) – (18.6-j13.53) = 6.4 – j10.47  A 

אאACא iAC = i2=6.4-j10.47  A 

אאBCא 

iBC= i1 – iB = (18.6-j13.53) – (16-j12) = 2.6-j1.53  A 

אאA 
iA = i1 + i2 = (18.6-j13.53) + (6.4-j10.47) = 25 –j 24   A 
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 9 W      A א  400V 
  א20A 0.8B  א15A

0.6CKאאאאABBC
CA(1+j2)(2+j3)(1+j3)אאאאאא

אBCK 

 
F13E 

אW     iB = 20(0.8-j0.6) = 16-j12                    

      iC = 30(0.6-j0.8) = 18-j24  

אאאZ0 

       i1(1+j2) + (i1-(16-j12))(2+j3) – i2(1+j3) = 0 

          (6)  i1(3+j5) – i2(1+j3) =  (16-j12)(2+j3) 

(7)    iA = i1 + i2 = (16-j12) + (18-j24) = 34 – j36 

(7)(6) 
i1(3+j5) – ((34-j36)-i1)(1+j3) = (16-j12)(2+j3) 

i1(4+j8) = (16-j12)(2+j3) + (34-j36)(1+j3) 

 Ai1 = 19.5 – j16.5 

אאABא iAB = i1=19.5-j16.5  A 

(7)i2 

i2 = (34-j36)-i1 =(34-j36) – (19.5-j16.5) = 14.5 – j19.5  A 

אאACאiAC = i2=14.5-j19.5  A 



אאאא
  

א 
 

41 
 

אאBCא 

    iBC = i1 – iB = (19.5-j16.5) – (16-j12) = 3.5-j4.5  A 
אB 

VB = VA – i1ZAB = 400∟0o – (19.5-j16.5)(1+j2) 
V = 347.5 –j22.5 

אC 
VC = VA – i2ZAC = 400∟0o – (14.5-j19.5)(1+j3) 

V =  327 – j24 

10WאAKא50A
0.8B  א120A 1.0א

70A0.866DKאאABא
(1+j0.6)BC(1.2+j0.9)CD(0.8+j0.5) DA(3+j2)א

אאאאK 

אW     iB = 50(0.8-j0.6) = 40-j30                    

      iC =  120+j0  

       iD = 70(0.866-j0.5) = 60.62-j35  

 
F14E 

 

 

 

 



אאאא
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אאאZ0 

i1(1+j0.6) + (i1-(40-j30))(1.2+j0.9) + (i1-(40-j30)-(120+j0))(0.8+j0.5) – i2(3+j2) = 0 
     i1(3+j2) – i2(3+j2) =  (40-j30)(1.2+j0.9) + (160-j30)(0.8+j0.5) 

   (8)218+j56                                     i1(3+j2) – i2(3+j2) =   

(9)     iA = i1 + i2 = (40-j30) + 120 + (60.62-j35) = 220.62 – j65 

(9)(8) 
i1(3+j2) – ((220.62-j65)-i1)(3+j2) = 218+j56 

i1(6+j4) = (220.62-j65)(3+j2) + (218+j56) 

i1(6+j4) = 1009.86 + j302.24 

      i1 = 139.77 – j42.813 

אאABאiAB = i1=139.77-42.813  A 

(9)i2 

i2 = (220.62-j65)-i1 =(220.62-j65) – (139.77-j42.813) = 80.85 – j22.187  A 

אאADא iAD = i2= 80.85-j22.187  A 

אאBCא 

iBC= i1 – iB = (139.77-j42.813) – (40-j30) = 99.77-j12.813  A 

    

אאCDא 

iCD= iBC – iC = (99.77-j12.813) – (120+j0) = -20.23-j12.813  A 
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F1E500mאא
40A50A120A60A80m200m350m

500mאאAאאאא
8אVאאא

א1.78אx10-8Ω.mK 

F2EAB1kmאא
80A70A40A20A250m600m800m

920mאאA אאאאא
א220V.  

)3 (AB400mW 
אA       300       200        150       100 

30         70          60         50    א 

אאA245 VאB 240Vא0.5Ω/km
W 

FEאאABFEאאא 

F4EאאA 

 
F15E 



אאאא
  

א 
 

44 
 

F5Eא1kmאא(0.04+j0.08)Ω 
    250Vא א  א 80A  

0.866 400mא  K א 120A
0.8600mאKא60A
0.6אאKאאאאא

אאאאK 

F6 E    א   A K א   80A
0.866Bא100A0.6
א60A0.8DKאאAB

א(1+j0.4)BC(1.1+j0.8)CD(1+j0.6) DA
(2+j1.6)אאאאאK  
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אא 

אא 
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אא 

F3 J1E 
א אאאא  א

א  א      א  א  
א אא א אא   א Kא  

א  אאא א   א א  K 

אאאאא
אאאאאK 

אאאאW 
- אא 
- אאא 

- אאאא 
F3 J2EאאElectrical Conductors 

  א אא אא   א
 א א   א K א א 

         א א   א
אאאW 

E  K 
E  K 
E  K 
E  K 

אאאאאאא
אאKאאאא

אאאאאK 
אאאאאא

   א    א  
א Kא א 
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 א     א  א  א    
אאאאאא

אא (Corona) K 
א א   א    א א  

א    א אא    א א
א(tensile strength)אאK 

א אאאא
אאK 

אאאא
אאאא1%אאאא

2%Kאא
א אאא Kאאא א

W 
 

                       (1)                                            n = 3X2 – 3X + 1 
 

Wn –،אאX–א 
אאX=2אאn=7 
אאX=3 אאn=19 

 
 
 
 

F1EאACSR 
F1E،7،אא24

א 
אאאאאdאאאא

W 
 

אא3719 37 61 
אא 2.15d 3d5d 7d 9d 
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אאאאאאאW 
 

 Jאאא (BS215, IEC207) AAC

 Jאאא(BS215, IEC209) ACSR
 Jאאא(BS3242, IEC208) AAAC
 Jאאא(IEC210) AACSR
 Jאא ACAR

 

 אא   א       א 
אאאאא

אאאאKאאאאא
אאאאא(Optical ground 

wires, OPGW)  אאK 
 F2E    אא א   

אאאאK 
AAAC 7 STRAND 

 

ACSR 6 AL/1 STEEL 

AAAC 19 STRAND ACSR 12 AL/7 STEEL 

AAAC 37 STRAND ACSR 30 AL/7 STEEL 

AAAC 61 STRAND ACSR 54 AL/7 STEEL 

 

F2Eאאא 
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1)( אאאא ACSR  
Reactance/conductor, 
1-ft spacing 60 Hz  

 
 
 

GMR 
Ds,ft  

Resistance   
 
 

Outside 
diameter  

 
 
 

Layers 
of  Al.  

 
 
 

Strand 
Al/St  

 
 
 
 

Alumin. 
area, cmil  

 
 
 

Code 
word  

 
 

Capaciti
ve, 

X´
a,M 

Ω.mi   

 
Inductive, 
Xa, Ω/mi   

 AC, 60 Hz   
 
 

Dc, 20oC, 
Ω/1000 ft  

50oC 
Ω/mi  

20oC 
Ω/mi  

0.1090 
0.1074 
0.1057 
0.1055 
0.1040 
0.1032 
0.1031 
0.1015 
0.1004 
0.0992 
0.0988  
0.0980 
0.0981 
0.0969 
0.0965 
0.0950 
0.0946 
0.0912 
0.0925 
0.0897 
0.0890 
0.0885 
0.0874 
0.0866 
0.0855 
0.0847 
0.0837 
0.0829 
0.0822 
0.0814 
0.0776  

0.476 
0.465 
0.458 
0.462 
0.451 
0.445 
0.452 
0.441 
0.441 
0.432 
0.430 
0.424 
0.432 
0.423 
0.420 
0.415 
0.412 
0.399 
0.406 
0.395 
0.390 
0.390 
0.386 
0.380 
0.378 
0.372 
0.371 
0.365 
0.364 
0.358 
0.344  

0.0198 
0.0217 
0.0229 
0.0222 
0.0243 
0.0255 
0.0241 
0.0264 
0.0264 
0.0284 
0.0289 
0.0304 
0.0284 
0.0306 
0.0314 
0.0327 
0.0335 
0.0373 
0.0352 
0.0386 
0.0402 
0.0402 
0.0415 
0.0436 
0.0444 
0.0466 
0.0470 
0.0494 
0.0498 
0.0523 
0.0586  

0.3831 
0.3792 
0.3372 
0.3037 
0.3006 
0.2987 
0.2572 
0.2551 
0.2148 
0.2134 
0.2120 
0.2107 
0.1843 
0.1832 
0.1826 
0.1603 
0.1596 
0.1284 
0.1302 
0.1092 
0.1082 
0.1011 
0.0941 
0.0937 
0.0832 
0.0821 
0.0746 
0.0735 
0.0678 
0.0667 
0.0515  

0.3488 
0.3452 
0.3070 
0.2767 
0.2737 
0.2719 
0.2342 
0.2323 
0.1957 
0.1943 
0.1931 
0.1919 
0.1679 
0.1669 
0.1663 
0.1461 
0.1454 
0.1172 
0.1188 
0.0997 
0.0988 
0.0924 
0.0861 
0.0856 
0.0762 
0.0751 
0.0684 
0.0673 
0.0623 
0.0612 
0.0476  

0.0646 
0.0640 
0.0569 
0.0512 
0.0507 
0.0504 
0.0433 
0.0430 
0.0361 
0.0359 
0.0357 
0.0355 
0.0309 
0.0308 
0.0307 
0.0269 
0.0268 
0.0215 
0.0217 
0.0181 
0.0180 
0.0167 
0.0155 
0.0155 
0.0136 
0.0135 
0.0121 
0.0120 
0.0109 
0.0108 
0.0080  

0.609 
0.642 
0.680 
0.684 
0.721 
0.741 
0.743 
0.783 
0.814 
0.846 
0.858 
0.883 
0.879 
0.914 
0.927 
0.977 
0.990 
1.108 
1.063 
1.165 
1.196 
1.213 
1.259 
1.293 
1.345 
1.382 
1.427 
1.465 
1.502 
1.545 
1.762  

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2  
2 
2 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
3 
4 

18/1 
26/7 
26/7 
18/1 
26/7 
30/7 
18/1 
26/7 
18/1 
24/7 
26/7 
30/7 
18/1 
24/7 
26/7 
24/7 
26/7 
26/7 
45/7 
45/7 
54/7  
45/7 
45/7 

54/19 
45/7 

54/19 
45/7 

54/19 
45/7 

54/19 
84/19  

266.8 
266.8 
300.0 
336.4 
336.4 
336.4 
397.5 
397.5 
477.0 
477.0 
477.0 
477.0 
556.5 
556.5 
556.5 
636.0 
636.0 
795.0 
795.0 
954.0 
954.0 
1033.5 
1113.0 
1113.0 
1.272.0 
1272.0 
1431.0 
1431.0 
1590.0 
1590.0 
2156.0  

Warming 
Partridge 
Ostrich 
Merlin 
Linnet 
Oriole 
Chickadee 
Ibis 
Pelican 
Flicker 
Hawk 
Hen 
Osprey 
Parakeet 
Dove 
Rook 
Grsebeak 
Drake 
Tern 
Rail 
Cardinal 
Ortolan 
Bluejay 
Finch 
Bittern 
Pheasant 
Bobolink 
Plover 
Lapwing 
Falcon 
bluebird  

 

F3 J2 J1EאConductors Arrangement 

א א     א א   א 
א א א  א   א א א
אאא

אKאאאאאא
אאאאאK

א    אא אא אא  אא
אKאאאאאא

אאW 
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אא א 
אא 

- אא
אאאאא

אK 
- א 

 א

- א    א א
אאK 

-     א א
א 

- אא
אא 

א 

-   א  
  א א א

אא 
- אא  א  א

אא 

אא 

- אאאאא
א 

- א 

-       א
א 

F3 J2 J2EאBundle conductor 

אאאאאאאאאא
אאאאאאאאאאא

אאאKאאאאא
  Kא אא א א אא א 

א א    א Wא א  ، 
א،א א אא  Kא  Wא

אאאאאאKאא
א  אא   א א    א F3EK

אאsubconductor
אאאK אאאאא

אאאאאspacersאא
אאK 



אאאא
  

א 
 

51 
 

 
F3Eא 

 

אאאאאW 
- אאאאK 
- אאאאאK 

- א  א     א  א    
אK 

- אאאאא
surge impedanceW 

              (2)                      Ω   
C

L
zs  

אאאאאא(surge 

impedance loading, SIL)  אא א    
אאאאאאאK 

           (3)                 kW 
sZ

V
SIL

2

 

 

 VאIאאK 
 

 موصلين فرعيين في موصل الحزمة       

 ثلاث موصلات فرعية في موصل الحزمة

 خمس موصلات فرعية في موصل الحزمة أربع  موصلات فرعية في موصل الحزمة   
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F3 J3EאאאOverhead Transmission Line Towers 

אאאאאא
אאאK 

אאאאW 
- אא2.53.0 
- אאא 

- אאא 

- א 

-  

- אאא 

- א 

אאאאK 
  

F3 J3 J1EאאאWooden Towers 

אאאאאאאא
א א  Kא א א  אא 

אא        אא    
אאאאאFאE

אא  Kא    א  א א   K
אאאאאKאא

  אW א אא א(bracket wooden tower)א א 
אK 

 
F4Eאאא 
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F3 J3 J2EאאאאHollow Metallic Towers 

אאאאאאאאאא
 א אא א  אא  א K

א   א א א  א   אאK
א אאאאא Kא

אאאאאK 
 

 
F5Eאאאא 

F3 J3 J3EאאאאConcrete Reinforced Towers 

א א אא א אא  אא א א K 
אאאאאאK

אאאאאאאK
אא אא 

    א   אאK  
אאאאאK 

 
F6Eאאאא 
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F3 J3 J4EאאSteel Towers 

א א  אא  אא  א   
  א א  א  א אאאא

אאא אK
אאאאאאאא

אאאאאאKאא
  א א      K א א 

אאאאאאאאK 

 
F7Eאא  

  
א א א אא א אא  

  א    א א א א   א 
אאאאאאאאאאK 

 

KאSuspension tower  
אא א א א א     

אאאאאא  K
אאאאאא 

 

 

F8Eא 
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 JאTension tower 
  א  א א Fאא E

אאאאאאא
אא

אאKאאאאאא
אא א    א K א א  

 K אאא א
אאאK 

 

 

F9Eא 

 

 JאאAngle tower 
א א  א   א א  א  א א 

א א   א א  א  J א א
אאאאאאא

אאאK 
 

 

F10Eאא 
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 JאEnd tower 

א א    אא  א א א  
א א  אא  א אא

אKאאאאאאK 
 

 

F11Eא 

F3 J4EאאTransmission Lines Modeling 

א א  א אא  א   Kא
אאאא

א    Kא א א  א א 
אאאא

   א א Kא א  א   א 
    80km(50miles) א  א     

240km (150 miles)    א  א א אא 
אK 

F3 J4 J1EאאShort Transmission Lines 

 א  א  אא     א א  
א    א א 

אKF12EאאאאאK
VsIsאאאא VRIR

אאאאK 
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F12Eאאאאא 

 

אאאא 

                       Z = (r + j ω L) l 
    (4)                  = R + j XL 

rLאאאlאK 
אאאאאאW 

 

 Vs = VR + Z IR                                               (5) 
אאאאW 

Is = IR                                                            (6) 
אאאאW 

(7)                     
*

*

3 R

R
R

V

S
I  

SRאאאאK 
 

אאאWאא
אאאFאאEאא

אK 

   (8)%100%
,

,,
x

V

VV
regulation

FLR

FLRNLR 
 

IVR,NLI  אאא  IVR,FLI 
 VsKאאאאאאא

 
FEFEאFE 

F13E 
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F13Eא
אאאאא

אאאאאאK
א      א   א א  

אK 
א(5)(6)אאא

F14Eאא אאא א 
אABCD   

             

                        Vs = A VR + B IR                                           (9) 
 

                        Is = C VR + D IR                                           (10)  
א 

                        (11)                                            

























R

R

s

s

I

V

D

B

C

A

I

V
  

  

  :فإن الثوابت بالنسبة لخط النقل القصير تكون (6)و  (5)وطبقا للمعادلتين 
  

                                 A = 1            B = Z              C = 0               D = 1 
  

 
F14Eאאא 

 

F1Eא220 kV40km0.15אΩ
  א1.3263mH Kאא

אאאאאא
אאאW 
        FEא381MVA0.8220 kVK 
        FEא381MVA0.8220 kVK 

ABCD 

IR Is 

+

-

VR 

+

-

Vs 
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אWאW 
 

         ΩZ=(r + jωL) l =(0.15+j2π x 60 x 1.3263 x 10-3) 40 = 6 + j20 
 

  א                                           WkV
o

o

RV 0127
3

0220



 

FE         א אMVA
6.2288.30487.363818.0cos381 1 jSR   

                      אA

87.361000
01273

1087.36381

3

3*







x

x

V

S
I

R

R
R 

א   א
)10)(87.361000)(206(0127 3 jZIVV RRs 

                                           kV
o

sV 93.433.144  

 א   א                           WkV
25033.1443)(  xV LLs 

אאא
3* 1087.36100093.433.14433  xxxIVS sss 


MVAMjMWS o

s 8.41433var6.2888.322  

א

%6.13%100
220

220250
% 


 xregulation 

א

%4.94100
8.322

8.304
 x

P

P

s

R 
 

FE                                 אA

87.361000
01273

1087.36381

3

3*







x

x

V

S
I

R

R
R 
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אא
)10)(87.361000)(206(0127 3 jZIVV RRs 

                                           kV
o

sV 29.939.121  

 א   א                     WkV
26.21039.1213)(  xV LLs 

אאא
3* 1087.36100029.939.12133  xxxIVS sss 


MVAMjMWS o

s 58.2718.364var6.1688.322  

א

%43.4%100
220

22026.210
% 


 xregulation 

א

%4.94100
8.322

8.304
 x

P

P

s

R 
 
 
 

 

F3 J4 J2EאאMedium Transmission Line 

אא80kmאא
אא  א  א   א א  Kא 

א80אkm א250kmא
אKאאπאאאKאאא

 א אYא   א    א 
אאאאאKF15Eאא

אπאאאאK 
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15אאאπאאא 
 

אא2/YVRאאאא
אא)2/( YVI RR W 

           RRRs VZI
Y

VV 





 

2
 

(12)           RRs ZIV
ZY

V 





  1

2
 

 

IsRRss I
Y

V
Y

VI 
22

 
Vsא(12)IsW 

 

(13)RRs I
ZYZY

YVI 





 






  1

24
1 

 

אאאאبالنسبة لخط النقل المتوسط تكون: 

          





 

4
1

ZY
YC ,                  ZB ,            1

2


ZY
DA 

 

א(11)אW 

(14)


























s

s

R

R

I

V

A

B

C

D

I

V 

אא 

(15)                   100
/

%
,

,
x

V

VAV
regulation

FLR

FLRs 
 

 

F2WEא345 kV  60وترددHz130kmא
0.036Ωא0.8mH K
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 א0.0112אμF  K א א   270אMVA
  0.8   325 kV Kא א א  א 

אאאK 
אW 



0639.187
3

0325
, 


phRV 

 

87.36645.479
0639.1873

8.0cos10270 13









x

x
I R 

 

               Z = (r + jωL) l = (0.036 + j2xπx60x0.8x10-3) x130 = 4.68 + j39.207 
 
                                Y = ωCl = 2xπx60x0.0112x10-6x130  =  5.489x10-4   mho        
 

3
4

10284.1989.0
2

10489.5)207.3968.4(
1

2
1 






 xj
xxjjZY

DA 
 

B = Z = 4.68 + j39.207                                              
 








 







 




4

)10489.5)(207.3968.4(
110489.5

4
1

4
4 xjj

xj
ZY

YC 

 

                        C = 3.525x10-7 + j5.459x10-4 



RRs BIAVV  
87.36645.479)207.3968.4(100639.187)10284.1989.0( 33   xjxxxjVs

 

kVVjVs 19.99.14908.19918783.1393767.198699  



kVxVV sLLs 34519.19933,  



RRs DICVI  



אאאא
  

א 
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87.36645.479)1028.1989.0(100639.187)10459.510525.3( 3347   xxjxxxjxI s



AjI s 56.25243.421785.181380  


56.2972.2511056.25244.4214188.1993103 33*   xxxxIVS sss 

                             22.12493.218 jSs  
 



%3.7100
325

325)989.0/345(
100

/
.% 





 xx

V

VAV
reg

R

Rs 

 

F3EWא345 kV 60وترددHz130kmא
Z=0.036+j0.3 Ω/kmאאY=j4.22x10-6 mho/kmא

345kV א   א400A Kא א א  
אאאאאK 

אW        0186.199
3

0345
, 


phsV

 

2.1840095.0cos400 1  
SI 

 

2.1989.0
2

)130(1022.4)3.0036.0(
1

2
1

26

j
xxxjjZY

DA 





 
 

07.0989.0  DA 
 

B = Z = (0.036+j0.3) x 130 = 4.68 + j39                                              
 








 







 




4

)1301022.4)(3968.4(
11301022.4

4
1

6
6 xxjj
xxj

ZY
YC 

 

04.9010457.510457.510521.3 447   xxjxC 
 




























s

s

R

R

I

V

A

B

C

D

I

V 

 

19.184001016.83279.390186.19907.0989.0 3   xxxBIDVV ssR
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2.4921.190995.13407.19097.64712.1507.0055.197  jVR 
 

kVxVV RLLR 685.330921.19033,  
  

19.1840007.0989.0010186.19904.9010457.5 34   xxxxAICVI ssR
64.31834.441761.231171.37612.1872.39504.90689.108  jIR 

MVAxxxxIVS RRR 44.27066.2531064.31834.4412.4921.1903103 33*  


                                                                                                      618.116594.224 jSR   
 

%46.5100
685.330

685.330)989.0/345(
100

/
.% 





 xx

V

VAV
reg

R

Rs 
 

 
 

F3 J4 J3EאאLong Transmission Lines 

אא250kmאאא
אאאאאאאא

אאאאKF16Eאא
אK 

 

 
F16Eאאא 

 

  א    ∆X   x א  
א Kא א א א   א א א א  

אKW 
(16))()()( xxIzxVxxV  



אאאא
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(17))(
)()(

xzI
x

xVxxV



 

∆x→0  

(18))(
)(

xzI
dx

xdV
 

א 
(19))()()( xxxVyxIxxI  

 

 (20))(
)()(

xxyV
x

xIxxI



 

∆x→0  

   (21))(
)(

xyV
dx

xdI
 

(18)א(21)אW 

(22))(
)()(

2

2

xzyV
dx

xdI
z

dx

xVd
 

zy2אאאאאאW 
 

(23)0)(
)( 2

2

2

 xV
dx

xVd  

אאW 
 (24)xx eAeAxV   21)( 

א(18)אW 

)(
)(1

)( 21
xx eAeA

zdx

xdV

z
xI   

 

 (25))()( 21
xx eAeA

z

y
xI   

 

  (26))(
1

)( 21
xx

c

eAeA
Z

xI   

Zcאא(surge impedance) 
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   אא א x=0 א V(x)=VR I(x)=IR 
(24)א(26)A1A2W 

 

(27)
22

RcR IZV
A




21
RcR IZV

A


 
 

א(24)(26)W 
 

(28)xRcRxRcR e
IZV

e
IZV

xV  





22
)( 

 

(29)x
R

c

R

x
R

c

R

e
I

Z
V

e
I

Z
V

xI  






22

)( 
אאW 

(30)R

xx

cR

xx

I
ee

ZV
ee

xV
22

)(
  




 
 

(31)R

xx

R

xx

c

I
ee

V
ee

Z
xI

22

1
)(

  



 

אאאאאW 
 

(32)RcR IxZVxxV )sinh()cosh()(   
 

(33)RR
c

IxVx
Z

xI )cosh()sinh(
1

)(   

x=lV(l)=VsI(l)=IsאאW 
 

 (34)RcRs IlZVlV )sinh()cosh(   
 

 (35)RR
c

s IlVl
Z

I )cosh()sinh(
1   
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אאאABCD 

                        (36)                                            

























R

R

s

s

I

V

D

B

C

A

I

V
  

 
)sinh( lZB c )cosh( lA  

)cosh( lD )sinh(
1

l
Z

C
c
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F1Eאאאאאאא 
F2Eאאאאאאאא 
F3Eאאא 
F4Eאאאאאאאאא 
F5Eא20kmא10MWא

11kV0.707אKאאא
0.02Ω0.07ΩאKא

אאK 
F6Eאאא5.31Ωאאאא

0.0176Hא3.6MW0.8אא
אא33kV50HzKאאא

אאאK 
F7Eא100kmא75MWא

132kV0.8אKאאא
0.28Ω0.63Ωאאא

4x10-6SKאאאאאK 
F8Eא100kmא20MWא

66kV50Hz0.9אאK
אא0.1אΩ0.5Ω

אאא10x10-6SKא
אאK 
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אאא 

 

אאא 
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אאא 
 

אאאאאאאאא
א א    אאא 

אאאא K
אאאאW 

FאEאK 
FEאאK 
FEאאK 
FEאאאאאK 
FEK 
FEאאאאאאK 
FEאאאK 
FEאא(puncture)אא

(flashover)K 
 

אאא،אאאאא
אאאאאא J

אא Jאאאאאאא
אK 

 
F4 J1Eאאאאאא 

אאאאא
אK 

FE  אאWאאאאא
אאאאאK

אאאאא
אKKאא



אאאא
  

א 
 

71 
 

אאאאK
אאאאא

אאאאאאא
אאאאKא

אאא60Lאא
70,000אאL2500אL2K 

 
FE  אאאWאאאאא

אאKאאאאאאW 
F1E א140LאK 
F2E אאK 
F3E אK 
F4E א

K 
F5E אK 
F6E אK 

FE  אאWאאא
אאאאKא

אאאא
אאאאאK 

 
F4 J2Eאאאא 
F4 J2 J1Eאאא Pin type insulator    

אאאאאאK
אא(1a, 1b and 1c)אאאא

אאאאאאKא
KאאאF
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Eאאאא
K 

  

  
  

  

  
  

F1aE11  
 
  

  
  

  

 
  

F1bE25 
   
  

 
  

  

  
  

F1cE33 
  

אאאאאK 
F4 J2 J2EאאSuspension Insulators 
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אאאאא
אאאאאאאא

אK 
אאאאאאא

אאאאאK 
 

אאאW 
F1E אא11،

אאאאאK 
F2E אאאאאK 
F3E אאאאאא

אאאאK 
F4E אאאאאאאאא

אאאאאאאא
אK 

F5E אאאא
K 

 
 

 
 

F2Eאא 
 

   א א א   א א אא  
אflashover distanceאאא
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א א   א    K  א  
אאאKאאאאאא א

 אFא Eאא א א א א    
א     K 2 א א  

אאאאK 
 

F4 J2 J3EאאStress Insulators 
 

אאאא
אאאאא

אKאאאאאאא
אאאאאא

אאאK 
 

F4 J3Eאאא 
אאאW 

1 JאWאאאאאא
אאאאאא
אאאאאאאאK

אאאא
אאאאK 

2 JאW،אא،אא
אאאאK 

3 JאWאא
אאאאאא

אאאא
אאK 

4 JאאWאאאא
אאאאאא



אאאא
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אאא
אאK 

5 JאאWאא
אאאK 

6 JאאWאאא
FאאEK 

7 JאWאאא
אFאאאאKE 

F4 J4Eאאאא 
אאא،

אCאאאK
אאאאאא

אאאאאאKא
אאK 

mאאאאאא 
mFZאLCE                אZmCא

 
3) Eאאאא 

 

אאאאאV1,אV2אV3
F3EאאW 

V3 V2 V1

i1   

i2   

C 
 

I3

C 
 

I2

C 
 

I1

V1 

V2 

V3 

Vph 

Vph 



אאאא
  

א 
 

76 
 

(1)I1 = [V1/(1/C)] = V1C 
(2)I2 = [V2/(1/C)] = V2C 

(3)I3 = [V3/(1/C)] = V3C 
 (4)    i1 = [V1/(1/mC)] = V1mC 

             (5)i2 = [(V1+V2) /(1/mC)] = (V1+V2) mC 
W 

(6)   I2 = I1 + i1 
I1 I2i1אF1EF2E(4)אF6E 

V2C = V1C + mV1C = V1C(1+m)   (7)                                
אCW 

 V2 = V1 (1+m)                                                (8) 
W 

                               (9)                              I3 = I2 + i2
אF2EF3E(5)אF9E 

V3C=V2C+(V1+V2)mC                                                                    
    = V1C + V2 C (1+m) 

אCW 
 V3 = V1 + V2 (1+m) 

V2א(8)W 
V3 = V1+V1(1+m)(1+m)                    

  V3 = V1 (1 + 3m + m2 )                                    (10) 
 

אאאא
אאאאKא

אאאאאאVphאא(n)א
אאאאאK 

  (11)                   %100x
nV

V

n

ph 
  

F4 J5Eא 

F1E mWאF8EF10Em
אאאאKא
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אאאאאא
אKאאאK 

F2E אאWאאאאא
אאאאאא

אאאKא
אאאאאK 

 

F3E אאא(guard ring)W 
אאאאאאאאא

     א  א  
אא  Kא  א אא   א אא 

אאK 
 

 
 

F4Eאא 
W 

1Wאא3אאW 
FE  אא

אK 
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FE  אK 

אI1 = V1 C 
Ci1 = 0.25 V1 

ix = 0.1(V2+V3)C 
I2 = V2 C 

i2 = 0.25(V1+V2)C 
iy = 0.1 V3C 

V3C I3 =  
אA 

I2 + ix = I1 + 
i1 

 

אA5 
I2 + ix = I1 + i1 

I2 = 
0.1C(V2+V3)=V1C+0.25V1C 


V2C+0.1C(V2+V3)=V1C+0.25V1C 


V2+0.1V2+0.1V3=1.25V1 

                             (12)                                       1.25V1-1.1V2-0.1V3=0 
אB 

I2 + i2  I3 + iy = 
V3C+0.1V3C=V2C+0.25(V1+V2)C 


1.1V3=0.25V1+1.25V2 

(13)0.25V1+1.25V2-1.1V3=0  
אF12E11W 

(14)13.75V1-12.1V2-1.1V3=0 
אF14EאF13EW 

13.5V1-31.35V2=0 
V1=31.35V2/13.5 = 0.988V2 

אF13E5 
    (15)1.25V1+6.25V2-5.5V3=0 

אF15EאF12EW 
-7.35V2+5.4V3=0 
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V3=7.35V2/5.4 = 1.362V2 
V=V1+V2+V3 

= 0.988V2+V2+1.362V2 
= 3.35V2 

V2 =0.2985V 
V1= 0.2985x0.988V =0.295V 

V3=1.362x0.2985V=0.4065V 
V1=29.5% 
V2=29.85% 

V3=40.65% 
אZW 

  %1.82%100
4065.03

%100
3 3

 x
Vx

V
x

V

V ph 

2Wאאא
17אKאא20%א

אאKאאאFEFEא 
 

אm = 20% = 0.2 
FEV2=V1(1+m)

17 = V1(1+0.2)
    V1 = 17 /1.2 = 14.17      kV

kVVph = V1 + V2 = 14.17 + 17 
=31.17 

 V = 17/0.5454 = 31.16 kV

i1    mC 

i2    mC 
C 

 

I2 

C 
 

I1 

V1 

V2 

Vph 
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FE    V3 = V2(1+3m+m2)

17=V2(1+3x0.2+(0.2)2)
V2 = 17 / 1.64 = 10.366     kV
V2 = V1 (1+m)
10.366 = V1(1+0.2)
V1 = 10.366 / 1.2 = 8.638   kV
Vph = V1 + V2 + V3 
Vph = 8.638 + 10.366 + 17 = 36.004  kV

3WאאאאK
אאא8א11אKאW 

FE  אאאאאאאאא 
FE  א 
FE  א 

אW 
  FEV2=(1+m)V1 

 11= (1+m) 8  
(1+m) = 11/8 = 1.375 

m = 0.375 
FEV3 = (1+3m+m2)V1 

= (1+1.125+0.14)x8 
= 18.12 kV 

 
 

אV 
V=V1+V2+V3 

= 8 + 11 + 18.12 
 = 37.12 kV 

אZ3xאZ3x37.12= 64.28kV 
FE  א 

 = [V/(3xV3)]x100 
 = [37.12/(3x18.12)]x100 

= 68.28% 

i1    mC 

i2    mC 

C 
 

I3 

C 
 

I2 

C 
 

I1 

V1 

V2 

V3 

Vph 

i1     mC 

i2     mC 

C 
I1  

C 
I2  

C 
I3  

V  

V1 

V2 

V3 
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1 Jאאאאא 
2 Jאאאאאאאא 
3 Jאאאאאא 
4 Jאאאאאאא 
5 Jאאאאאא 
6 Jא     א א  א  א   

א א א20kV א א 
0.1אאאאאאK 

7 J  א   א  א    א 
א0.17אא35kVא

אאK 
8 Jאאאאא8kV

11kVאאW 
FEאFEאא

א 
FEאא 

9 Jא،
אאאאא

21.6אkVאא24kVאאאא
אK 
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אא 

אא 
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אא 
 

א  א   א א   אא א 
 אא  Kא   אא א אא א 

אאאאאא
אW 

 Jא א  W אאא   אא א  
אא  א Jאא  א א J

אאאאאא
אא א א

אאאK 
 JאWאאאא

אאאאאאא
א  א  אא א  אא K

אאאאאאK 
 JאWאא

אאאאא
אאאK 

 

א אא    א אאאא
אאאאא אא  

אאK 
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F5 J1Eאא 
 

א  א   א א אLV
 א אMVא אHVא  אEHV
 א אUHV Kא     

 K א    אא אא
אא Kא אאא

אKאאאאאא
אאאאאKKKKKאK 

אאא(Vo/V) Voאא
א א  אא  אFא  E V א א 

אאאFאEאאאK 
אא

אאאאאא
א א     א א  א Kא 

 א (single core)      (multicore cables) K
א  אא א      א א 

אאא
אאאאאא

  א  א  א א אאא K
 אאא אא א      א 

אאאאאאאאא
אאאאאK 
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א 

 

1 J  א 0.6/1kV 
 

 J  
 J אאXLPE 

 J אאPVC 

 

1) (  

 
2 Jא0.6/1kV  

 J 
 JאאXLPE 
 JאאPVCאא

א 
 Jאאאא 
 Jא א א  א  PVC

אאאא 
 

F2E 
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3 Jא18/30kVW 
 J 
 J       א 

אאא 
 JאאXLPE 
 Jאא 
 Jאא0.1mm 
 Jאאאאא
 Jאאא

א  א א א א
א 

 Jאאאא  

F3E 
F1EאאConductor resistance 

אא،אאא
 ،  א א   א  א אאא

א،אאאK 
אאאאW 

 

(1)        ρt = ρo [1 + γ (T-To)] 
W 

ρt–אאא(T)K 
ρo–אאאאאא20אoCK 
γ–אאאאאאאאא 
،אאאאאאאא

 אא א א   ،  א א   
      א K א א  

FאאEאאא،אאא
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אאא
אאK 

 

אאאאW 
K  אF،………EK 

K  אK 
K  אK 

אאW 
 (2)                                  R = ρ ( L / A )  
W 

R–א)Ω( 
ρ–אאאא(Ω.m) 
L–א(m) 
A–א(m2) 

،אאא
אאאW 

 

F1Eאאאאא 
א אאא

(20oC) 
 

 
 

 
 
 

 
 

 
א  

0.00380 

0.00393  

0.00377 

0.00370 

0.006-0.0037 

0.006-0.0045 

0.0042 

0.0025 

0.0042 

0.0001  
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K  אאאAmbient Temperature 
אאאUnloadedK

אאאאא30oCאא
אאא20oCK 

K  אאConductor Temperature 
א  א        א א  א

אRKאא
אK 

אאאאאא
Inferred temperature for zero resistanceאא:  

                           (3)                                    
1

2
12 TIZR

TIZR
RR




  

W 
R1–אאאא(Ω)K 

  

R2–אאאא(Ω)K 
T1–אאאK 
T2–אאאK 

IZR Jאאאא.  
 

F2Eאאאא 
  درجة الصفر المستدل  المادة
 
 
 

 
 
 

  

-243 

-243.5 

-236 

-202 

-147 

-108 

-6250  
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אאW 
 א א  אא American Wire Gauge   א

אאAWG אא  Kאא 
אאא0אא1/0אא

אאאאא12
14 א א 4/0 א

  (0000)  Kא      אאא
Circular mil  K      א אא  

Thousand Circular mil FאאkcmilEאאא
אאא،W 

 

                                                                                        kcmil = mill ÷1000 = 
d2÷1000   

Wd א 
א     :                                                1 mill = inch÷1000  

 

                                                          1000 mill = inch = 25.3 mm  
 

אאאW 
                                                            1 mm = 39.526 mill 

 

אאא
kcmil W 

(4)
1000

)](526.39[

10001000

mill
kcmil

22 mmdd
 

 

1W אאא
53.5mm2 K 

אW 
                                               אZ(π /4) d2  

 

                                                                                               53.5 = (π / 4  ) d2  

 
                                                                                                     d= 8.253 mm  
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אאkcmil W 
 

                        kcmil106
1000

)253.8526.39( 2


x

A 
 

אאW 
 

mm2= mill÷1973.5 
 

א  א53.5 mm2   mill 
W 

 
 

A = 1973.5 x 53.5 = 105582 mill = 106 kcmil 

 
 
 

F2EאInsulation Resistance 


                                                   4 

 

אdxxא
L 
 

                           
Lx

dR



2
 

ρאאאK 

D2 

D1 

dx 
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אW
2

1
2/

2/ 22

1

2
D

D
Log

LxL

dx
R e

D

D 





  

 

(5)             
2

1
102

3.2

D

D
Log

L
R




 
 

F3EאאאאW 
 

(Gauss Law)אא،W 

                                             
x

q
D

2
 

אאW 

                                 
x

q

dx

dv
E

2
 

 

              
2

1
2/

2/ 22

1

2
D

D
Log

q
dx

x

q
V e

D

D 
  

(6)    

2

1

2

D

D
LogV

q
C

e


 

 

        
910*94 x

r
ro 


  

 

     F/m

2

1
10

9

2

1
10

9

10024.0

3.21094

2

D

D
Log

x

D

D
Logxxx

C rr 



 

 

 

             (7)                           μF/km

2

1
10

024.0

D

D
Log

C r 

אאאאW 

      V

D

D
Logxx

q
E

e
2

1

2

2

1

2
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(8)   

2

1

D

D
xLog

V
E

e

 

א(8)אאאא
(x=D2/2) 

(9)        

2

1
2

max
2

D

D
LogD

V
E

e

 

אאא    
 

  LogeD1/D2=1 

(10)D1/D2=2.718 

 
F4EאאאThree Phase Cables Capacitances 

F5Eא،אCCCnא
אאאKאאCC

א CnKאא
אא 


cc CC  3

11
\
 

cc CC 3\  
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(5) 

 

אאאאאW 
 

(11)C=3Cc + Cn 
 

אאאאאאא
אאאW 

(12)μF/km

)27(

)3(
ln

111.0

662

3222

aRr

aRa
C

o

r





 

Wroא(mm) 
Rאאאא(mm) 
aאא(mm) 

 
 
 

 

F5EאCharging Current 

אאאאאא
אאאאא

א90oאאאW 
 

(13)      Ic = V ω C 10-6         A/km 
W 



אאאא
  

א 
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Vאאא 
ωאא2אπff א 
Cאאא 
F6EאInductance 

אLא
אאאאאאאאW 

 

(14)mH/km
d

S
LogKL e

2
2.0 

WK        א 
 Sאאא(mm) 

אאאאא 
F1.26xאאאאE 

F3EאKאא 

אאא K 

3 0.0778 
7  0.0642  

19  0.0554  
37  0.528  

  0.514  فأعلي 61
  0.500  الموصل الصلب
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F5 J2Eאאאאאא 
 

F5 J2 J1Eאpower Loss 
 

 א א א א אא
אא א   Kאא א  אא  

א אא  א א א   K 
אאאאאא،

אאאאאאאאא،
אאאאאK 

 
 

 

1 Jאאא 
 

(15)Watt/mI2 RPc = 
  

I،אRא 
 
2 Jאא 
 

(16)Pi = V2 ω C tanδ           watt/m 
 
 

Vאא،Cא،Tanδאא
אאאK 

אאאאאאא
אאאא،א،K 
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لصوملا
لزاعلا

وشحلا

حيلستلا
لباكلا حطس

ةيامحلا
ةبرتلا

 حطس
ضرلاا

 لزاعلا ةراتس
ةيندعملا

 
F6Eאאאאאאאא 

 

אאאF6Eאאא(oK)
אW 

 
Δθ = (I2R+0.5Wd)T1 + [I2R(1+λ1)+Wd]nT2 + [I2R(1+λ1+ λ2)+Wd] n(T3+T4)         

 

I،אאאRאא،
WdאאT1אאאאT2

  א א א    אא אT3 אא א
  אT4 א א  אא א א  אn

א1אλ אאא אאא 
2λ אאאאאK 

אאאאW 
 

(17)
2

1

4321211

4321

))(1()1(

)](
2

1
[
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 فرق درجات الحرارة
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F5 J2 J2Eאאאאא 
F4Eאאא600/1000אV(BS 6346:1989) 


א(mm2) 

אא א 
 4أو  3  قلبان  قلب واحد

  قلوب
  

  قلبان  قلب واحد
  

 4أو  3
 ثلثيم  قلوب

  O 
   OO 

 مسطح
 

O  O  O     

 مثلثي
  O 
   OO 

  مسطح
 

O  O  O    

  أولا موصلات النحاس
16    105  91      120  105  
25      145  120      160  135  
35      175  150      195  165  
50  215 235  210  180  220  230  230  195  
70  275  300  265  230  270  280  285  240  
95  335  370  325  280  320  335  345  290  

120 390430380325365 380 395 335 
150 445490430375410 430 445 375 
185  520  570  495  430  460  485  500  425  
240  620  710  590  510  530  560  580  490  
300  710  810  670  590  600  620  650  550  
400  820  930  780  680  680  700  740  620  
500  940  1040      760  770      
630  1080  1170      850  860      
800  1220  1300      940  930      

1000  1350  1410      1010  980      

Wא 
16     81  70      94  80  
25      110  93      125  105  
35      135  115      150  125  
50  165 180  165  140  170  175  180  150  
70  210 230  205  175  210  220  220  185  
95  260  285  255  220  250  260  270  225  

120 305335295255285 300 305 255 
150 350  385  335  290  320  335  345  290  
185  405  445  390  335  360  380  395  330  
240  485  560  460  400  420  440  455  380  
300  560  640  530  460  475  495  520  430  
400  650  740  620  540  540  560  590  500  
500  760840  610 630   
630  880  970      690  710      
800  1020  1090      780  780      

1000  1150  1220      860  850      
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F5 J2 J2 J1Eאאא 
אאאאאאאאאIEC287

W 
 J אאאW25oCאXLPEאאא

1.9/3.3kV30oCPVCXLPEאאא
1.9/3.3kVאאאK 

 J אאWאא20mmK 

 J אאW150cmKאאא 

 J אאאK 
 

אאאאאאאאאאא
אW 
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F5EאאXLPE600/1000אV(BS 6724:1990) 


א(mm2) 

אא א 
 4أو  3  قلبان  قلب واحد

  قلوب
  

  قلبان  قلب واحد
  

 4أو  3
 مثلثي   قلوب

  O 
  OO

 مسطح
   O  O  O 

 مثلثي
   O 
  OO 

 مسطح
   O  O  O 

  أولا موصلات النحاس
16    115  99      141  119 
25      152  131      183  152  
35      188  162      219  182  
50  222 288  228  197  231  242  259  217  
70  285  358  291  251  284  295  317  266  
95  346  425  354  304  340  350  381  319  

120 402485410353 386 395 433 363 
150 463549472406 431 434 485 406 
185  529  618  539  463  485  482  547  458  
240  625  715  636 546  558  545  632  529  
300  720  810  732  628  623  597  708  592  
400  815  848  847  728  691  637  799  667  
500  918  923      765  688      
630  1027  992      841  737      
800  1119  1042      888  760      

1000  1214  1110      942  797      

Wא 
16     85  74      108  91  
25      112  98      138  116  
35      138  120      165  139  
50  162 215  166  145  177  185  196  165  
70  207 270  211  185  218  227  241  203  
95  252  324  254  224  260  270  288  244  

120 292372 264 296 306  278 
150 337  424    305  331  339    311  
185  391  477    350  374  380    353  
240  465  554    418  433  435    409  
300  540  626    488  486  483    461  
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F6Eאאאא 
א


(oC) 

אאאא(oC) 

25303540455055

 65 1.000.930.850.770.680.580.47
 0.55 0.64 0.72 0.80 0.87 0.93 1.00  70  ورق
 0.65 0.72 0.77 0.84 0.89 0.94 1.00  80  ورق

PVC 70  1.06 1.00 0.94 0.87 0.79 0.71 0.61 
XLPE*  90  1.00 0.95 0.91 0.86 0.80 0.75 0.69 

XLPE**  90  1.04 1.00 0.96 0.91 0.87 0.82 0.76 
*1.9/3.3 kV**1.9/3.3 kV 

 
2Wאא600/1000V

240mm2א70oC
אאאאאא40אoCK 

אW4240mm2אא 
אאZ510 

 

670oCא40oC 
                        אאאZ0.8 

 

40oCZ510x0.8Z408אא 
 

3WאאXLPE600/1000Vאא
240mm2 אאאא

אאא45oCK 
אW5240mm2XLPE
אא 

אאZ529 
6XLPE1.9/3.3kVא45oC 

                         אאאZ0.87 
אא45oCZ529x0.87Z460.2 

 

F5 J2 J2 J2Eאא 
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אאW Jאא15oC 
 Jאאאאא1.2 oKm/W 

 Jאאא 1.8m 
 Jא0.5m1kV 

0.8m1kV
33kV 

אאאאאאא
 אא א  אאא א א  א 

אאאאאאW 
F7Eאא 


א 


(oC) 

אא(oC)  

10 15  20  25  30  35  40  45  

 65 1.05  1.00  0.95  0.89  0.84  0.77  0.71  0.63  

  0.67  0.74  0.80  0.85  0.90  0.95  1.00  1.04  70  ورق

  0.73  0.78  0.83  0.88  0.92  0.96  1.00  1.04  75  ورق

PVC 70  1.041.000.950.900.850.800.740.67
XLPE  90  1.031.000.970.930.890.850.810.77

 

F8EאאאFE 
א

(mm2) 
אאא(oKm/W) 

0.8 0.9  1.0  1.5  2.0  2.5  3.0  
  ذو قلب واحد آيبل

  0.67  0.73  0.81  0.91  1.07  1.11 1.16 150 إلى -

  0.66  0.72  0.80  0.90  1.07  1.12  1.17 400 إلى 185من  -

  0.65  0.71  0.79  0.90  1.08  1.13  1.18 1200 إلى 500من  -

  عديد القلوب آيبل
  0.74  0.79  0.86  0.95  1.04  1.06 1.09 16 إلى -

  0.70  0.76  0.84  0.93  1.07  1.10  1.14 150 إلى 25من  -

  0.68  0.74  0.82  0.92  1.07  1.11  1.16 400 إلى 185من  -
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F9Eאאא 

א 
(kV) 


א

אאא(m) 
0.15 0.30 0.45 0.60 

0.6/1 kV 
20.81 0.87 0.910.93 0.94 
30.700.78 0.840.87 0.90 
40.630.74 0.810.86 0.89 
50.590.70 0.780.83 0.87 
60.550.67 0.760.82 0.86 

1.9/3.3kV
12.7/22kV 

20.800.85 0.890.90 0.92 
30.690.75 0.800.84 0.86 
40.630.70 0.770.80 0.84 
50.570.66 0.730.78 0.81 
60.550.63 0.710.76 0.80 

19/33kV 

20.800.83 0.870.89 0.91 
30.700.73 0.780.82 0.85 
40.640.68 0.740.78 0.82 
50.590.63 0.700.75 0.79 
60.560.60 0.680.74 0.78 

 
F10EאFאאאE 

א
(m) 

0.6/1.0 kV 1.9/3.3kV19/33kV 
 إلى 70من  50mm2حتى 

300mm2 
أعلي من 
300mm2 

حتى 
300mm2 

أعلي من 
300mm2 

0.50  1.00  1.00  1.00  --  --  
0.60  0.99  0.98  0.97  --  --  
0.80  0.97  0.96  0.94  1.00  1.00  
1.00  0.95  0.94  0.92  0.98  0.97  
1.25  0.94  0.92  0.90  0.96  0.95  
1.50  0.93  0.91  0.89  0.95  0.94  
1.75  0.92  0.89  0.87  0.94  0.92  
2.00  0.91  0.88  0.86  0.92  0.90  
2.50  0.90  0.87  0.85  0.91  0.89  

  0.88  0.90  0.83  0.86  0.89  أو أآثر  3.0

 
 

4WXLPE600/1000Vא
240 mm2א1.0mאא
 א  60אcm א א 30oCא

א2.0א oK.m/W אאאK 
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אW 
אאאאW 

 JF5E240mm2אאF
E 

אאאאZ529 
 JF7EXLPE30oC 

אאאZ0.89 
 JF8E185400mm2א

2.0oK.m/WאאאZ0.82 
 JF9E0.6/1.0kV60cm 
אאZ0.90 
 JF10E1.0m0.6/1.0kV
70300mm2אZ0.94 

אאאZ529x0.89x0.82x0.90x0.94Z326.6 
 

F5 J2 J2 J3Eא 
 

אאאW 
 Jאא15oC 
 Jאאאא1.2oK.m/W  
 Jאא1.8אm 
 Jא0.5m1kV 

0.8m1kV33kV 
 

אאאאאאא
 אא א א א  א  א א א

  א א  א א אא  
אאW 
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F11EאאאאFE 


א(mm2) 

אאא(Km/W) 

0.8  0.9  1.0  1.5  2.0  2.5  3.0  

  ذو قلب واحد آيبل
  0.75  0.81  0.87  0.94  1.04  1.07 1.10 150 إلى -

  0.73  0.79  0.86  0.94  1.05  1.08  1.11 400 إلى 185من  -

 إلى 500من  -
1200 

1.13  1.09  1.06  0.93  0.84  0.77  0.70  

  القلوب ةعديد آيبل
  0.83  0.87  0.92  0.97  1.03  1.04  1.05 16 إلى -

  0.78  0.85  0.90  0.96  1.03  1.05  1.07 150 إلى 25من  -

  0.76  0.82  0.87  0.95  1.04  1.06  1.09 400 إلى 185من  -

 
F12Eאאאא 

א 

(kV) 


א

אאא(m) 
 0.30 0.45 0.60 

0.6/1 kV 
20.90 0.93 0.95 0.96 
30.820.87 0.90 0.93 
40.780.85 0.89 0.91 
50.750.82 0.87 0.90 
60.720.81 0.86 0.90 

1.9/3.3kV
12.7/22kV 

20.880.91 0.93 0.94 
30.800.84 0.87 0.89 
40.750.81 0.84 0.87 
50.710.77 0.82 0.85 
60.690.75 0.80 0.84 

19/33kV 
20.870.89 0.92 0.93 
30.780.82 0.85 0.87 
40.730.78 0.82 0.85 
50.690.75 0.79 0.83 
60.670.73 0.78 0.82 
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F13EאFאE 
א

(m) 
0.6/1.0 kV 1.9/3.3kV

19/33kV 
 عديد القلوب قلب واحد عديد القلوب قلب واحد

0.50  1.00 1.00      
0.60  0.98  0.99      
0.80  0.95  0.97  1.0  1.00  
1.00  0.93  0.96  0.98  0.99  
1.25  0.90  0.95  0.95  0.97  
1.50  0.89  0.94  0.93  0.96  
1.75  0.88  0.94  0.92  0.95  
2.00  0.87  0.93  0.90  0.94  
2.50  0.86  0.3  0.89  0.93  

  0.92  0.88  0.2  0.85  أو أآثر  3.0

 5W   XLPE 0.6/1.0kVא  
1500A א א  א   6א א 

،א45אcmא
1.25m  אא א  1.0oK.m/W א א 30oCא

אאאאאK 
 

אWאאאאZ1500÷ 6Z250 
 JF7EXLPE30oC 

אאאZ0.89 
 JF5EXLPE250אA 

217266א5070mm2 
244278א95120mm2 

 JF11E25150mm2א
1.0oK.m/W 

אאאZ1.03 
 JF12E0.6/1.0kV45cmאא 

אאZ0.86 
 JF13E1.25m0.6/1.0kV 

אZ0.95 

אאZ0.89x1.03x0.86x0.95Z0.749 
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אאאאZאאאאxא
א 

250Zאאאאx0.749 

אאאאZ250÷0.749Z333.78 
 JF6EXLPE334אA 

319363א95120mm2 

               אאא120mm2 

311353א150185mm2 

               א א185mm2 

F5 J3Eא 
 

1 Jאא 
Wאאאא 

 

 Jאא 
 א אא     א אself-contained 

fluid-filled cablesKא
אאאKאאא

אאאאאאא
KאאאK

אאאא
אאאאKאאאW 

 Jאא 
 Jאא 
 Jא 
 Jא 
 Jאאאאא 
 Jאא 
 Jאאאא 
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 J 
    א   א  א א  אא 

אאא Jא JאאK
 א  א א   K א א  

אא א אא  אאא
 א   אא א א א  א Kא

אאאאאאאאאא
א Kא א  א  א אא א  א  

אאאא א
אאא אאאא

אאאK 

 

 Jאאא 
אאאאאא

 K אא א    א  אא   
אא  א א  א   K  

אאא א
אKא

א(stop joint)אאאאאself-

contained fluid-filled cable K 
 

2 Jאאא 
        א א א  

אאאאא
אאאאא

אאFא Eא  
 א א   א  א   

אאאאא
    א    א  א

אאאאK 
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F5 J4Eאאא 
 

F5 J4 J1Eאא2000V 
 Jא4/0(107mm2)
אאאאא

א  אא      א   
F7EK 

 

d1 d2 d3 d4 d5 d6 d7

يرجملل يلخادلا عاستلاا

 
F7E 
 

 Jא(107mm2)
אאאא

 אא Kא א    457mm 
107mm2 א א א

13545mm2K 
 

 Jא107mm2א
    א 107mm2

אא
א107mm2  א

א107אmm2א
אא107אmm2אK 

F5 J4 J2Eאא2000V 
 Jאאאא

 



אאאא
  

א 
 

109 
 

 Jא
אK 

 

F5 J4 J3Eאא2000V 
אאא2000V 

1 Jאאd1+d2+d3+d4+d5+d6+d7  
2 JאאF8EK 

 
F8E 

F5 J5EאVoltage Drop  

   א     א  א  
א(IZ)אאא אא אאאאא
א  אא 

אKאאאאא
אאKא1000V

אאאאK 
אFBS7671EאmV/A/mא

אאW 
 

אאאאmV/A/m = 2Z 
 

אאmV/A/m = √3 Z 
 

א1אZ
אאאK 

אאאאאאאא
אאVo240Vא240/415V Kא
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 א  א       אV  415Vא 
240/415VK 

 

F5 J6EאאאW 
אאאא

אאאאאא
אאKא

אאW 
1 Jאאאא

אאאK 
2 J א א  אFא א  E אא 

K 
3 Jאא 
4 Jאאא 
5 Jאאאאאא 
6 Jאאאאאא
אK 

 

F5 J7Eא 
אאאאא

אאאאW 
 J   א 

אאK 
 J אאאK 

1 JאThumping method 
  א א     אא א

 א   א 
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 א אאא אאא
אאאאW 

 Jאאאאא 
 JאאאאאאאאK 

  

F9Eא 
 

אאאאאKאW 
 J  
 J אאאא 

 

אW 
 Jאאאא 
 Jאאאא 
 Jאאא

א 
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2 JאאאExtremely Low Frequency Method  

אאאאא
אאאא  א אאא

א אא  אא  א    א   
 K     א   א א א 

אאאK 
   א א אאא א

אאאא
 א אא  א א א אא K

אאאאאאא
א K      א   א  

אK 
  א     0.1Hz א    

אאאאאאא
אאK 

 

3 JאאאTime Domain Reflection Method 

א א   א אא   אא   ،
אאאאאK 

אאאW 
 JאאאאאאאK 
 JאאK 
 Jאא 
 Jאא 
 Jאאאא 

 Jאא 
 Jאא 
 Jאא 
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 Jאאא 
 Jאאא 

 

א א א א א   א א אא   
אאK

אאאאאאאK
א   א אא   א א

(twisted pair cable)אא(coaxial cable)אאא
K 

 

א   א א א   א א
א   ، א א ، א א ، א ،

אאא،א،א،א
א Kא    א   א א 

אאK 
 

א   א   א אא   
אאאאאא

Kאאאאאאא
  א א א א א  א  

אK 
אאאאאW 

 

 Jאאא Jאאאא Jא 
 JאאאאאK 

       א  א אא   
אאאאאF2،10،100،1000 ،2000،4000

EאאאKאאאא
–א Jאא

א      א א   Kא א 
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אאאאאא
אא א  א א       

אK 
 

 
F10Eאאא 

 
אאאאא 

 

1- אאא(open circuit)
11K 

 

 
F11E 

2 J אאא(short circuit)
F12EK 
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F12E 
 

3 Jאא
אאאF13EK 

 

 
F13E 

4 JאאאSKאאא
אאאF14EK 

 

 
F14E 

4 JA-Frame 
 א א  א     K 

אאאאאאא א



אאאא
  

א 
 

116 
 

א  א א   א   F15EK
א    א  א א    א 

   א אא  א א  Kא  א   
אאאאאK 

  

F15Eאאא 
 

א     A-Frameא   א  
א א  F16EK א  א  א א  

א        א    
אKאאא

אאאאאK 

 
F16Eאאא 

 
 

F1E אאאא 
F2E אאאאא 
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F3E אאאאא 

F4E אאאאאאא 

F5E אאאאא 

F6E אאאאאא 

F7E אאאאא 

F8E אA-Frameא 

F9E אאא 

F10EFEאאFEאאW 
1 Jאאאאאאא

אאKEF 
2 JאאאאאFE 
3 JאאאEF 
4 JאאאFE 
5 Jאאאאא

EF 
6 Jאאאא

EF 
7 Jאאאאאאא

EF 
 

F11E אאאא66kVאאא
א40kV/cmK 

F12E אאא66kV50Hz7km
3.5cmאאא7.8cmא2.8K 

F13E א  א א1.5cmא 5cm
3km1820MΩK 
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F14E  אאאXLPE אא 0.6/1kVא
FE120mm2אאא 

30oCK 
F15E  XLPE0.6/1kV    אF E 

240mm2א1mאא
אא א45cmא א 20oCאא א

1.5oKm/WKאאאK 

F16E    XLPE  0.6/1kVא  
1200A Kאא4אא 

60cmא100cmKא
אאא1.5oKm/Wאא25oCאאא

אאאK 
  
 



אאאא
  

א 
 

119 
 

  

 
 
 

  

אא 

אא 
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אאאאא 
 

)6 J1  (אאSkin Effect  

אאאאא
אאאאאאא

אKאאאK
אאאWאאאא

א א  א א   אא   א
אאאKא

א א   אא אאא     
אאאאא

א א   א א  א  א   
אKאאאאא
אKאאKאא

אאאאאK 
 

                  (1)RA.C. = K RD.C. 
 

RACאאRDCאאK
אP 

                          (2)  
DCR

f
P 52.0 

 

RDCאאfא 
 

F1EאאPK 
3.83.23.02.8 2.62.42.21.81.41.0P 

1.6001.3851.3181.2561.2001.1521.1111.0521.0201.005K
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F6 J2Eאא Corona Phenomena 

אאא
אא  א אא אא

 א       א    
אKאאאאאKאאא

אאKאא
אאאאK 

אאאאאא אא
      א   א א   א

אKאאא
אKאאאאאאאא

אאK 
 

F6 J2 J1EאאDisruptive Critical Voltage 
אאאאאא

א  אא  Kא א  
אאאKאא

א    Kאא
    א   א א 

    א א א  א אא 
אK 

אאאא30kVpeak/cmKאא
אאאאאא

אאאאK 

אאאW 
A B  אD  r

F1E 

(Gauss)אאxאW 
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2

rDLog

V
VCq

e


 

 

(4)                        
)/( rDxLog

V
E

e

 

 
                   F1E 

 

qאVאאCאE
אאאK 

א x = rW 
(5)                         

)/(max RDrLog

V
E

e
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(6)                            
)/( rDrLog

V
E

e

C
C  

VCאאאאK 
אאW 

(7)                                VC = EC r Loge(D/r) 

א א   א אא   א א  
א    א אא א      

δאאToCPW 
 

(8)                                 
T
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אאW 
(9)                               VC = EC δ r Loge(D/r) 

 א א   א א אא   30 

kV(peak)/cm21.2 kV(rms)/cmאאאאK
אאW 

 

(10)                               VC = 21.2 δ r Loge(D/r) 
 

אאאאאאא
א אא א     א   

אאW 
         

VC = 21.2 m δ r Loge(D/r) 
 

 (11)VC = 48.5 m δ r Log10(D/r) 
 

 m א א  א  א  K  m
W 
m1אא 

0.98 to 0.93אK 
0.90אא7אK 
0.87 to 0.83אא7אK 

 

F6 J2 J2EאאאVisual Corona Phenomena 

אאאאאא
אאאאא

א א  א א  א א    א
F11 Eא אא K

אאאK 
 א א  א א     

אW 

  (12)   
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mvאאאאאא
אW 

mv1אא 
0.72אאאאאF

אKE 
0.82אאאאאFא

KE 
 

F6 J2 J3Eאאאא 
א א      א א א א  

א א  א  א       Kא
אאאאאK 

א אאא א א  
אאאאאאאא

אW 
 

 (13)              phasekmkwxVV
D

rf
P C //10)(

)25(
240 52 





 

 
VאאfאHzK 

 
אאW 

1K אאא 
2K אאא 

3K אאא 
 

אאאאא
אאא(bundle conductor)א

אDאאאאK 
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1Wאאאאאא

132kVאאW 
 Jאא1cm Jאאא

4m 
 Jאא15oC Jאא0.9 
 Jא0.8 

א: 
r=1cm

D1=D2=D3=4m=400cm 


mxxDDDD 444433
321  
017.1

15273

293

760

760



 

mZאxא 
0.72Z0.9x0.8Zm  

VC= 48.5 m δ r Log10(D/r) 
VC=48.5 x 0.72 x 1.017 x Log10(400/1) = 92.4 kV (r.m.s) 

אאאW 

)..(88.1194.92
1017.1

3.0
1

3.0
1 smrkVx

x
V

r
V cv 






 






 




 
2Wאא א  א א א א   א א

א א  א   א א א א 100km
132kV50Hz1.04cm

א3m א א א   40oC א750torrF 
אm=0.85  , mv=0.72E 

 

אW 

א925.0
40273

293
.

760

750

273

20273
.

760









t

P 

אא VC = 48.5 m δ r Log10(D/r)  

4m 

4m 
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  2شكل 
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= 48.5x0.85x0.925x0.52xLog10(3/0.0052)=55.1kV 
אאאא

kVLog
x

xxx
r

D

r
rmV vv 2.67

0052.0

3

52.0925.0

3.0
152.0925.072.05.48log

3.0
15.48 1010 
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  phasekWxPc /847100.10.8.01.55
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.2550
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F6 J3Eאאאא 
אאאא

אאאא
א אא א  א  א  

אאאאאK 
 

)6-3-1( אאאLightning Strokes 

א אא א  א א א  א 
א א        
אאאאאאאא

  אא אא      
אK 

א א     א    
א Kא      א א  א 

א   א א אא   
אאאאאאאא

אאאאאאא
Kאאא
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 א אאא א אאא א
אאאאא520

אאאאאא
F510LEאKאאא

אאאאאאא
  א       א F2500

LEא ، א  א  א  
אאF4EK 
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אאW 
- אאK400 
- אKא110K 

- א  Kא א א    50%
א10100K 

א א א  א  א     
אא 

  

F6 J3 J2Eאאאא 
אאאאא

אאאK 
אאאאאאא

אאאאW 
FאEאאאאאאK 
FEאאאא 
FEאאאאא(expulsion gaps)א

אאאאאK 
  

F6 J3–2 J1EאאEarthing Lines 
אאאאאאא

אאאאאKאא
אאאKאאאא

אאאKF5EאאאK 

א  א א      K 
אאאא

א א  א  א Kא  א א 
אאא

אאאאאא



אאאא
  

א 
 

129 
 

א א  א א א  א   א  
א א   א  (capacitances) K 

אאאאאא
אאאKאאאא

אאאאאKאא30oא
אאא30Kאא

אK  

  

  

  
  
  
  
  
  
  
  
  
  
  
  
  
  
 

GZאאhZאאאא 
PZאsZאאZ30o 

                  F5Eאאאא 
 

F6 J3 J2 J2Eאאאאאא 
  

אאאאא
אאאKאאאא

אאאא
אאאאKא

G  

G 

قناة 
  التفريغ 
 للصاعقة

h  p  p  p 

s  

G 
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אאאאאK
אאאW 

(14)                          
)1(

s

T

To
T

Z

Z
ZI

V


 

ZTא(surge impedance)Zsא
אKאאאא

אאK 
אאא15א2.53

אאאא50אK
אאאאאKאא

אאאאאK 
אאאאאאא(counter 

poise wires)אא0.51.0אא
אאאאKאא50100

אKאאא
אא25Kאא

אKאאאאא
אאאאאא

אאK 
 

F6 J3 J2 J3Eא 
אאאאאא

אאאאאKאא
אאאאKאא

אאאאאא
אאK 
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F6 J3 J2 J3 J1Eאא 
אאאאאspark gapsאא

אאאאאKF6bE
אאאK

אאאאKאא
אאאאאKאאאא

אאאאאאK
אאאאאא

אאאאאKאאאאאא
אאאK 

 
  
  
  
  
  
  
  
  
  
   F6aEא     F (6bא 

)6-3 J2 J3 J2Eא 
אאאא

אאאאאא
אKאאאא(nonlinear element)

אאאאאאאאא
אאאאKאאאאאא

אאאאאKאאא
אאאאKאאא

אאאאא אאא
אאאאאאאK
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  ثغرة



אאאא
  

א 
 

132 
 

אא(flashover voltage)אאא
אאאאאאאא

אK 
F6 J3 J2 J3 J3EאאLightning Arresters 

אאאאא
אאאאאאאא

אאאאKאאא
אאאא1020

אא(8/20 s)אא100250
אא(1/5 s)K 

אאאW 
א  - أ   א אא  J אא א 

אא35אK 
  - ب   א אא  אא א  א 

אאK 
 

 Jאאא JSilicon-Carbide Arresters 
אאאאאאא

אאKאא
א J(silicon carbide)א

אאאKאאא
אKאאאאW 

 

   (15)I = k 
Va

IאVאאאאkaא
אK 

אאאאFאאאאE
idאVdאא

VpK 
אאאאאאאאאאא

אא100300אאאא5,000
אאKאאאאאאאאאאא
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אאאאאא
אאK 

 

  
 

F7aEאא F7bEאLאא 
 
 Jאאא JZinc-Oxide Arresters 

אאאאאאא
אאאאאK 

(1)אאא100200
10FאאKE 

 

F1Eא100 J200،10 

א 
א 

FאאאאE 
1 J(1.2/50 s)

א 
2 J

א 
3 Jא 
4 J(Vd)

(8/20s) 
5 
10 
20 

  

2.2 – 2.8  

2.9 – 3.1  

2.3 – 3 

  

2 –2.7 

2.2 – 3 

2.5 – 3.3  

 

V(kV) Vd 

Id  

id  

V
d

  

T (s)  

V Id  

Vs 

Vp  Vd  
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1 J אאאא 
2 J אאאאא 
3 J אאאאא 
4 J אאאאאא 
5 J אאאאאאא 
6 J אאאאאאא

 אאאא
7 J אאאאאאא

אאאא 
8 J אאאאאא

אאאא 
9 J אאאאא

אאאאא 
10 J    220kV  50Hz  

     א   1.2cm  א
א2mKאאאאאאא

אא0.96אאא20oCא72cmHgK 
11 J אא א    א    

  280אkV 60Hz     
3.64cm א  א

2.2mאאאא25oCא78cmHg
א0.82אK 

12 J 166kV50Hz150km
א50MW0.9KאFE

אא5אmאאא
אאאאאאאK 

13 J אFEא
אאא244cmא1.04cm

0.85אאאא21oC74cmHgאא
אאאאK 
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אאאא 
 

Wאאאא Gas Insulation Breakdown  
 

אאאאאאאאאא
אאאאאאאאאא

א   א א א  א א א
Kא  א    אא  א אא  

אאאKאאאאאא
  אא  א

א،אאאאKא
א א  אאא א  א Electric Field Intensity 

    אא    א  א א א
אא   א

אאאאK 
 

F7 J1EאאאW 
אאFEא

אא
אאאאאאאEאא

אאאאאאאK 
אאאאא?

אאα?אאא
אאאFαאאאא

אE 

אאאאאאא
אאאאאFאאא

א KE  א     א     d
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אא
א K  א eE 

אeEאאאW 
 

(1)K.E. = e E x = 0.5 m v2  
 

xאאאאאאm 
אvאK 

אאאא
אאאאא

אאאאאאא
(Avalanche)אא

אאאאאא
אאאאא

Breakdown  

  
F1Eא 

FEאאFEאא 
  

אnאxאאא
אאאdnאdxא

אW 
 

 

d  

Edx 

 لكاثودا

 الانود

no 

nx 
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                        (2)                                             dn = α n dx 
   

 
dn

n

dxndn
o 0

 
 

                        (3)                                              n = no e
αd  

noאאאאאK 
 

אאאאאאא
אאאאW 

                                     (4)                                     I = Io e αd 
Ioאאאא 

אeαdאאאאאא(electron 

avalanche)אאאא
אK 

 

F7 J2Eאאאאא 
אאאאאאאא

אFאאEא
אאאאK

אאW 
 

F1E אאPhotoionization 
אאאאאeVא

אאKאאאW 
               A + e + k energy → A* + e (5) 
 
                 A* → A + hv (6) 

 

A*  א  A   hvא   K א 
א10-7א10-10אאא

 א  א א(hv)    א  
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אאhv≥evi Kא
אאאW 

 

  A + hv → A + + e        (7) 
 

אאאאאא
K 
אאאאאW 

אאאאאאאאא
א

אאא 
 

F2E אאאאאW 

אאאאא
אאאא(metastable 

atoms)אAmא
אKאאVm،אא

 ،Vi،אB،א
אאאW 

                       (8)     Am + B → A + B+ + e 
 

אאאVmאאאViאאא
אBאW 

                   (9)                  Am + B → A + B* 
 

אאא2Vm
א AmאViAאא

W 
                   (10)Am + Am → A+ + A + e + K.E. 

 

אאאאא
K 
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F3E אאאThermal Ionization 

אאאאאאאא
אאאאKאאא

אאא
א א  א  Kא אאאא

אאאאK 

 

F7 J2 J1Eאא 
א   א אא א Kא א 

 γ ?א ،،  א א
،    K   א אγ א  

אאK 
 

γ= γ1 + γ2 + γ3+...                                               (11)             
אאW 

        (12)            
)1(1 


d

d
o

e

eI
I 




 

 

F7 J3E 
אאאא

אW 
1 – γ [exp (αd) – 1] = 0                                    (13)           

 
γ [exp (αd) –1] = 1                                         (14)              

 

אK 

eαdאאאW 
 

γ exp (αd)  = 1                                               (15)        
 

אאאα  وγ
אאאאאK 
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F7 J4Eא  
אKא

א    F  א210  KE 
אא(guard electrode)،א

אאאא
1091012 K א Kאאא

  א 10-1410-8 K א אא  
אאאאאאא

KאאאאאKא
 10-410-6אא א

אאאאאK 
 

 
F2Eאאא 

 

  אא   א     א
אא(no)אאאא

א א א   א אא א 
אF3E K אTo אא
אאאאKאT1 א

T2אאKאT2אא
אאאK 
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אאאאאא
KאLog(I/Io)אאd

אEF4EKאא
אאאK

א،אאאא(E/P)K 

  
F3Eאא 

 

 
F4EאLog(I/Io)א 

 

 
1Wאא(steady state)5.5x10-8 A8kV

 א 0.4cm א  Kא   א
א0.1cmא5.5x10-9 Aאאאא

K 
אW    אא   I = Io exp(d) 

 

  I2 = Io exp(d2)  , I1 = Io exp(d1) 
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  )(exp
)exp(

)exp(
21

2

1

2

1 dd
dI

dI

I

I

o

o  



 

 

  )1.04.0(exp
105.5

105.5
9

8






x

x
 

 

  10 = exp (0.3)    
                      
                    0.3 = ln(10) 
 
   = 7.676 /cm 

 F7 J5Eאא–Paschen,s Law  

אאאאאאd
א P אאP*dאBreakdown 

Voltage אVb=f(P*d) אF5 E א א
אאאF1EאאVbmin

א     א א   א א אא  
אאאאאאK 


F5EאאFאX אE 

 
 
 
 

(pd)m
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Vb

N W
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F1E 
א (pd)min 

Torr.cm 
Vb min 

FE 
אא 

א 
א 

א 
א 

א 
א 
א 

0.55  

0.65  

1.05  

0.7  

0.26 

0.57 

4.0 

4.0 

352 

240 

230 

450 

507 

420 

245 

155 

 
 

F7 J6EאאאאElectronegative gases  
אאא(Electron attachment) אאא

  א א א   א  K א א 
אאאאא K

אאאאא
אאאאאא

אאאאאאאא
אאK אאא אא
אK 

 
אאאאW 

 

K  אאאא 
 

AB + e  AB-                                                                              (16)                 
 

K  א א א    א  א אא
א 

AB +e  A + B-                                                                       (17)  
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א  א א א א אא אא    
אאאאאאאאK

אאAאאBא
אאK 

  א     אא  א א א  
א  א K א  ()א א 

אאאאאKא
אאאאW 

 

  
]}1}d)[{exp({1

][]d)exp([
II o















   (18) 

 

 

אאW 
 

  1]1d)[exp( 



  (19)   

 

אאאא
א   Kאאא

Wאאא 
 

 

 [ / ( - )] = 1 ;            or              =  / (1 -) (20) 
 
 

אF10-4Eאא
= Kאא א א 
א(E/P)אאא

אאאאאאאאK 
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F7 J7Eא Sulfur hexafluride (SF6) 
 

אא
א   א  אא  א א K

אא  א אא א א   א    א
،א،אא،א،אאא

 ، א א א א א…Kא K א 
אאאאאאK 

 

F7 J7 J1Eא 

F7 J7 J1 J1Eאא 
1 J אאאאא، 
2 J א،אאK 
3 J אאאאאאK 
4 J אאאא20אאK 
5 J אWאא

אאK15L2א
10oCאא
 15L2 Kאאאא

 K 15א  א א 
10oC         א

אא16oCאאK 
6 J אאאWאאאא22.5

אאאאKאאא
אK 

7 J אא אK   א   אא א 6000oK
א    א אא     א 

אאאאאאאאאאK 
8 J א א א Wא  א   א א 

א  א א   א א א 
אK 
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9 J F7 J7 J1 J2EאאW 
K  500oC  آما أنه لا يتفاعل مع الأجزاء المعدنية حتى هذه الدرجة 

K   K א א  א אא  
  א    א א 

אK 
K  א(Electronegative gas) K 
K  אא א אא   א K

אאאאאאא
אאא (Al2O3)K

אאאK 
K  אאאאאK 
K   א   א     א 

 אאאאאאאאאא
 

F7 J7 J1 J3EאאW 
1K אאאא2.35

אא30%אאאאאK 
2K א א    א   א3L2

אאאא
אאאאאK 

3K אאאאאא،
 ،א   ،א א  ،א 
،אאא ……א K  א  א

אK 
4K  א אK     א א  א

אאK 
5K  אK  א  א  

א
 א א א 

אK 
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6K    א א אK א א אאא

אאאאא
אאאאא

אאאK 

7K  אאא K א א א א אא   א
אאאאאאאא

א א א א א      
אאאK 

8K אאKאא
 א א   א א

אKאאאאK 
 

F7 J7 J1 J4Eאאאאאאאאא 
אאאאאא،

אאאא
אאא אKאא،א

אאאאאאK 
אאאאאאאW 

K  K 
K  אאאאאאK 
K  אK 
K  אK 
K  אאK 
K  אK 

 א א   א    א א 
א אא  א K      א 

אK 
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WאאאאLiquid Insulation Breakdown 

אאאאאאאאא
אאKא

אאאK 
אאאאא

אאאאאK
אאאאאא

אאאKאאאאאK 
אאאאאאאK

אאאאאאא
אאאK 

 

F7 J8Eאאאאא 
אאאאאאא1W109

אאא J Jא
אאאK 

אאאאא
אאאא

K 
 

F7 J9EאאאW 
אאאאאאאאאאאאא

אאאאאאK
אאאFאE،

אא،אאאאאK
אאאאאאאא

אאאאאאא
אאאאאאא

אאאאאאאK 
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F2Eאאאא 


א
  

א 


א 
 א 

  

30-40   

2.- 73.0  

10-3  

10-4  

3x1014  

1.0 – 1.1  

10 – 1000  

Nil  

1.50–1.60  

< 0.01  

< 30 

negligible  

  

20-25   

4.8  

0.60x10-3  

0.50x10-3  

2x1013  

1.4  

100 – 150  

Nil  

1.6000  

< 0.01  

< 30  

negligible  

  

20  

2.1  

0.25x10-3  

0.10x10-3  

1013 – 1014 

0.88–0.89 

30 

Nil 

1.4740 

0.01 

50 

 

30  

2.3 – 2.6  

0.002  

0.0001  

1012 - 1013  

0.93 

30  

Nil  

1.4700  

0.01 

50  

  

15  

2.2 – 2.3  

0.001  

0.0005  

1012-1013  

0.89  

30  

Nil 

1.4820  

0.01 

50  

 Jא20oC
2.5mm

(kV/mm) 

 Jאא(50 Hz) 
 JTan δ  50Hz

1 kHz 
 JאאFKE 
 Jאא

20oC 
 J20אoC 
 Jאא

(mg/gm of KOH) 
 Jא 
 Jא(mg of 

KOH/gm of oil) 
 J

(ppm) 

  

  

  

  

  

  
  

 
 

 
 
 
 

F6Eאא 

  الخزان

  عمود
  التكرير

إلي مضخة 
  التفريغ

إلي مضخة 
  التفريغ

خلية 
  اختبار

برج 
  التبريد

بلف 
  تفريغ

إلي مضخة 
  التفريغ

مقياس 
  تفريغ
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F7 J10Eאאאאא 
א  א    א  א    א אאK

א   א   א  א א א 
  א  א0.51.0   א א  א100 200

א  א    א א  
אKאא50100Kא

אאא10אאאאאא
אא אא א

אאאאאK 
 

F7 J11Eאאאאאא 
 א א א   א א א  

אאאאאאאאא
 א   א א   א 

 אא א  אא   אא
אKאאאאאא

א   א א  א א  א 
 א א K  F3Eא אא  א  

אאאK 
 

F7EאLאאא 

 المجال الكهربي

تيار 
  التوصيل

تشبع
  تيار أيوني

بمساعدة 
المجال 
 الكهربي
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F3Eאאאא 
א قيمة لشدة العزل أقصى  

(MV/cm) 

 
 

א 
 

אא 
אא 
אא 

אא 

אא 

1.1 – 1.3 

1.1 

1.0 

1.0 – 1.2 

2.4 

1.6 – 1.9 

1.0 

0.7 

1.1 – 1.42 

 
)7 J12Eאאאאא 

אאאאא
א אא אא Kא אאא 

אאאאאאKא
אאאאאא

אאאאאאK 
 FE אא  א    א  

אאאאאאאאאאK 
 

1K  א (Particles)K      
אEKאאא (Particles Permitivity)  ε1

אאε2אא
אאKאאאr

אא 2

21

123
2
1

2
ErF 
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א א אא    
אאBreakdownK 

 

2K   Wא    א א  א  א  
אאאאאאK 

 

3K אKאאא
אאאאK

     א  אE=V/d (Kv/cm)  
אאאאאאאא

א אא 
    א  א אאאא  א  

אK 

 

WאאאאSolid Insulation Breakdown 

א  אא א אא א   א אא 
אKאאאאW 

EE 
EאאאאEאאא 

 
F7 J13Eאאאא 
 

 אא  א אא  א א Polymersאא   
    א א א  

 אא  K   א א   א 
אTrackingאאאTreeingK

אאאK 
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F7 J13 J1EאאTracking 
 

אאאאאאאאא
א   ،א א  א  א אא  ، א

אאאאא
אאKאLeakage Currentא

אאא  א
    א א  K  א א א 

אאאאאא
، אא א אא ،

א א א   א א
אDry Bandsאאא

אאאאא
אאא אאאFEא

אאC-Hאא
אאאH2O

אאאאאאאאא
Erosion א  א  K א   א 

א אא
א  א  ،אאא

 א א אא   א   א אא  א
 א א א  א א    א  

אFlashoverK 
 

F7 J13 J2EאאFאETreeing 
א،אאאא

     Point ElectrodeאPlain Electrode
 א א   א  א א א אא א E

אא  א  אא
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Partial Dischargeאא،אא
אאאאאאאא

،אא  א אא אאא
،אאאאTrees

אאאא،א
א     א   ،Treeing  K  

א  א  א  א   א    K
א אאאא א  א

אאאאאאא
אאאאאאא

   א א א  א   ،Water 

TreeingK 

F7 J13 J3EאאW 
אאא

אאא
אKאאdod

VאאאW 

(21)  ]
d

d
ln[Y

d2

V o
2

2

ro  

YאW 

(22) ]
d

d
ln[]

Y2
[dV o

ro

22


 

 
אאאW  d/do=0.6  or    do/d=1.67    
אאK 

(23) 
roo

max
Y

6.0
d

V
E
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F7 J13 J4EאאאThermal Breakdown 

אאאא،
אאאאאאKאא

אאKאאא
אאאאאאK

אאאאאאאאאא
אK 

אאאאאW 

(24)  
12

r
2

10x8.1

tanfE
W


             

 fאאאEאא
אK 

אאאW 

(25)                     ).( gradTKdiv
dt

dT
CW vT  

CvאאאTאאKאאא
tאאאKאאאאאא

אאאאKאאאא
אאאK 

F7 J13 J5EאאאW 
אאאאאאאא

אאKאאאאא
אאאאאK 

- אWאאאאאאא
אאאK 

- אאWאאאאא
אאא Jאאאאאא Jא

אאKאאאא
אאאK 
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- אאWאאאאא
אאא،אאאאאא،

אאאאאא
אאK 

F7 J14Eאאאא 
 א אא אא    א א  א

،א  א א   א א   
אאאאKאאאאאאW 

 

1 Jא (Paper )   
   אאא  אא 

אKאאאא
אאאא،אאא

א، א  אא א א
אאאKאא

אא  א א
     א אא    א  א 

אKאאאאא
אאK 

2 Jא(Mica) 
אאאאאאאK

א Kאא
אאאאאאאא

א אא א  א אא K  א א 
אאKאאFאאEאאא

 א אא א א אא א  א א 
אK 

3 Jא(Glass) 
אא3.710 א 2.2 6 g/cm3 

א א אאאא 1012 1020 K Kא
0.004א 0.02אאאאK

  א  א 3000 5000  L    
א100אKאאא

אאאאK 
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4 Jאא(Ceramics) 

       אאא   א K
א א א(εr<12)אא

א א  אאא  א א(εr>12) 
אK 

 
5 Jא (Polyethylene) 

אאא
 א  א       

 אא  א K     א א
אאKאאא

  א    א  K  א 
א70אoCאאאא

 א         אXLPEא
90oCK 

 
5 Jאא Polyvinyle Chloride (PVC) 

 א א    א א  א 
א،אאא3.3kV 

   א  א א     א 
אKאאאאא

אאאא 

70oC 20oCKא
אא70oC0oCK 
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1K אאאאאא
K 

2K אאאאאאאK 
3K אאאאKא

؟ 
4K אאאKאאאא؟ 
5K אאאאK 
6K אאאאאאאאK 
7K אאאאאאאא

א؟ 
8K؟אאאאאאאא 
9K؟אאאאאאאאאאאא 

10KאאאאאאאK 
אאאאא. 11 

12Kאאאאאא 
13Kאאאא 
14Kאאאא 
15Kאאאא 
16Kאאאאא 
17Kאאאאא 
18KאאאאאאK 

  
  
  
  
  
  
  
  



אאאא
  

א 
 

160 
 

אא 
  

אא)Name of the reference(  א)Author( 
אא،א

،א1996אK 
  محمد عدنان سراج. د) 1(

א،אאא
،אא1992אK  

  محمد عالية. هاني عبيد ود. د)  2(

א،אא
،1984  

 أحمد حلمي راشد. آي و دأسر على ذ. د) 3(

The Electrical Power Engineering 
Handbook, Marcel Dekker, New 

York, 1994.  
Leo L. Grigsby  (4) 

Power Distribution Planning 
Reference Book, ABB Inc., North 

Carolina, 2004.  
H. Lee Willis (5) 

Electrical Power istribution and 
Transmission, Prentice Hall, 1996. 

L. M. Faulkenberry and W. Coffer (6)  

Electric Power Systems, Taylor and 
Francis, 2001. 

Syed Nasar and F. C. Trutt (7) 

Electrical power distribution system 
engineering , McGraw-Hill 1986. 

Turan Gonen (8) 

Electrical Power Cable Engineering, 
2nd Edition, Taylor and Francis, 2003.

William A. Thu (9) 

Electric Power Systems, McGraw 
Hill, 1996. 

J. A. Harrison (10)  

Power System Analysis, John Willy 
and Sons Ltd, 1997. 

C. A. Gross (11) 

Elements of Power System Analysis, 
McGraw Hill. 

W. D. Stevenson (12) 

Electrical Distribution in Buildings, 
2nd Edition, Blackwell Science Ltd, 

Oxford, 1994. 
C. Denis Poole and Trevor E. Marks (13) 

Electrical Power System Technology, 
Butterworth-Heinemann, 1997. 

Stephen W. Fardo and Dale R. Patrick (14) 

  
  
  


