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(8-1) 

אאKאא
אאאאאאאא

אאאK 
אאאאאאאא

אאאאאK 
אאאאאאאאא

אאאאאאאK 
 

(8-2)K 
- אW Jאאא)earthing electrode .(

אאאאא
אKאאאא(solidly 

grounded)(resistance grounding)(impedance grounding)K 
- אW J

אאK 
- אאW JאאאאאאאK 
- אאW JאאL٢אK 
- אW JאאאאאאאK 
- אW Jאאאאאאאא

אK 
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(8-3)Kאאא 
אאאאא

אTNTTITKאאא
אאאאאאאא

אאKTאאאאא
Iאאאאאאא

KאאאNאאאא
אאאאאT

Kאאאאאא 
אTNאNאאPE

אאW 
CWאNאאPEאPEN 
SWאNאאPEK 
FE אTNWאTNא

אאאאאאא
אאאאאאאW 

١ J TN-SאאאK 
٢ J TN-C-Sאאא

אאK 
٣ J TN-Cאאא

אאK 
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(8.1)TN-S 
 

 
 
 
 
 
 
 
 
 
 

(8.2)TN-C-S 

L1 

L2 

L3 

N 

PE 

א
  الأجزاء المعدنية المعرضة للمس

א 

L1 

L2 

L3 

PEN

א   الأجزاء المعدنية المعرضة للمس
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(8.3)TN-C 

 
FE אTTWאאאאא

אאא
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(8.4)TT 
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L2 

L3 

PEN

א    الأجزاء المعدنية المعرضة للمس

א 

L1 

L2 

L3 

N

א    الأجزاء المعدنية المعرضة للمس

א 
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FE אITWאאאאאאא
אאאאאאK 

 
 
 
 
 
 
 
 
 
 
 
 

(8.5)IT 
 
 

(8-4) Kאא  
אאאאאאאאאאאW 

١ J אא 
٢ J אא 
٣ J אא 
٤ J אאאאK 
٥ J א 

 

PE 

L1 

L2 

L3 

N

א 
  الأجزاء المعدنية المعرضة للمس
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(8-5)Kאא 
אאאאאאאאKא

אאאאאK 
 

(8-1) 
א אאFKE
אא 

א 
אא 

אא 

40-150  

Above 200  

250-500  

Above 1000  

 
(8-6)Kאא 

אאאאאאא
אאאKאאאאא

אאאאא 2١٥%K 
(8-2) 

אא אאFKE
20
10 
FE 
FE 

-5 
-15

72  
99  

138  
300  
790  

3300  
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(8-3)אאאאאאK 
א10١٥%אאאא
אאKאאאאא

אאאK 
(8-3) 

א 
E٪F 

אא 
FKE 
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2.5  
5  
10  
15  
20  
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(8.6)الشكل אא  
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(8-8)Kא 

אאאא(8.7) Kאאא
אאאאאK

אאIא א   א א
א א אא א   K

xdxאאRאאr1W 
  
  
  
  
  
  
  
  
  
  
  
  

א(8.7) 
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(8-9)Kא 
אאאאאאא

אאKאאא
(Ellipsoid)אאאאL

אאd 
 

d
L

L
R 4ln
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(8-10) Kאאא (Step and Touch Potentials)  
א(Tank)

،א(8-8)Kאאאא
אIK 

אאRאW 

 
R2

IV
π
ρ
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אאאאאאאא
אאאK 
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Wא0.5
120Kאאאא1500

אK 
FE אאK 
FE אאא4א

א4.8אK 
אWr=0.5 m,          ρ=120 Ω.m,           I=1500 A      

FEא  v  8.57295
5.0x2

1500x120
r2

V =
π

=
π
ρ

= 
      = 57.2958 kV 

FEא v 66.1193)
8.4
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(8-11)Kאאאאא 
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(8-12)Kאאא 
אK

אאאאאאK 
אא(n)Rאאאא

אאאאאאאW 
Rn = R/n 

אא(mutual effect)אאא
אKאאאאW 

Rsystem = R/(nη) =  Rn / η 
Wηא(screening coefficient)א1K 

אא،א(8.9)W 
  
  
  
  
  
  
  

  (8.9)شكل 
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I I/2 I/2 



٢٦١  א   אא  

  אא  אא 
 

  

- ١٧٨ -  

dאאrאK
אW 

אW 
 

אאאηאא
אאK 

 
(8-13)Kא 

אאאאאאא
אאKאאא

אא3060אא310
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אאאאא
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(8-15-1) Kא  
אאאאאאאא

אאK 
  R1 = X + A 
  R2 = X + B 
  R3 = X + B 

 

WR1אאאAאאXR2אא
אBאאXR3אאאAאאBK

אאW 
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  X = (R1 + R2 + R3)/2 
 

  
  
  
  
  
  
  

א(8.10)א 
 

אאאאאא
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   Re = V/I 
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אאאאאאאK
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(8-16) .א Grounding Resistivity Measurement  

אאאא(8.12)K 
אאAאDאאBאC
אK 

  ρ = 2 π d (V/I) 
ρאVאאBCIאא

ABK 
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                      D              C                B              A                                             
(8.12)אאא 

 
Wאאאאא

אא20אאא1.2K
אאK 
אW d=20 m,             R=1.2 Ω 

  ∴ρ=R.2πd=1.2x2πx20=150.8 Ω.m  
d2

R
π
ρ

= 
  
  
  
  
  
  

(8-17) א Neutral Earthing 
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אאא

Kא(8.13)א
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אBאK 
 KאIFא ) ب(

אאאא(symmetrical component)א
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FE אאאIFאאiCFא

K 
FE אא(lighning arresters)אא

 
 

אאאאא
אאאאאאאK 

 
(8-17-2)  א  

אאאא–אאא J
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FE אאאאאK 
FE אאאאK 

אW 
FE אאאאאאK 
FE אK 

  
  

(8-17-3)  א  
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אא(X1)3(i.e. Xo/X1>3) אאא

(resonant earthing) 
 

(8-17-4)  אאFE  
אאאאאאא

אאKאא
אאאאאK(18.7)
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