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א 
  

אאאאא
אאאאK

אאאאא
אאאאאאא

אKאאאא
אאאK 

אאאאא
Kאאאאא 

אאאאאAir-insulated outdoor 

Substationאאאא
אאאאGas-Insulated 

SubstationK 
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אאTransformer Substation 
 

אא 
אאאא

אאKאאאא
אאKאאאא

אאאאK 
אW 

- אTransmission substation 
- אDistribution substation 

אאאאא
אKאאאאא

אאאאK 
 אאאאא

אאאK 
א،אאא Air-

insulated outdoor SubstationKאאאאאא
KאאאSF6    

)א  ( Sulfur hexafluoride  אאGas- 

Insulated SubstationK 
 

• א 
  א  א  א     א  

אאא אא Kאא
אF ( 6.6kV, 11kV,13.8kV,20kV and 33kVא

אאא  Kאאאאא
אאאאKאא
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      א F750kV, 400kV, 380kV, 220kV, 132kV,110kV and 

66kVEאאאאאאK 
  א א  א  א  א א   א 

(4.1)אK 
א  א א     א  

אFאEאאאאK 
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• א 
 

א א  א    א א  א    Kא
אא
Kאאאא

אא  א K א   אא 
אאאאאאK 

אאאאאאאאא
   א א א  אא 

F(33kV,20kV,13.8kV,11kV 6.6kV, 380V and 220VK 
אא אא א 

אאK 
 

א 
 א    א א     

אאK 
אאFאWE 

- אאStep-up or step-down transformers   
- א         Bus-bars 
- אאאא  Circuit Breakers and Relays                      
- אאDisconnect switch and grounding switch               
- א    Voltage and current transformers 
- אא  measurement and protection instruments             

אאFאאE 
 Jאאאא   Alert and protection instruments 
 Jא        Batteries  
 Jא       Earthling systems 
 Jא        Control systems 
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•  

 
(4.2)אW 
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(a) Central tower design  

 

 
(b) Special layout for single busbars up to 145kV  א 

(4.3)אWW(a) 

      (b)א 
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א 
 

א א א   א א  א  ،  א
אא   א א    א  א   

 א Generator transformers  א  א   
 אDistribution transformers Kאאאא

אאK 
 

 אאאאאאא،
אאא500MVAא800kV

אPower transformersK 
אא50KVA2500KVA36kVK

אאאאאאא
Kאא 

 
א   א  א אא  א א K

אאאy)Wye YEFd(Delta ∆Kא
  אאא  א

אאF 5-1-011Eאאאאא
אאאKאאאאאאא

 30 o   F W11=11x30o=330o  א  א 30oא   
אKEא(4.4)אאאK 
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(4.4)Wאאא 
 

  א    אDry-type transformers  
 א    אא     א אא  

אC2F6، א    Oil filled transformersF4.5) E
אאאאא

אאSilicone fluidאאאאאא
אK 
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FE (4.5)W 

 
 

 
FE(4.5)W 
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 א  א   א א א    
Kאאאאאאאא،א

  א א  אא     א  א  ،
אאאאאאאאאא

א Kאאא אאאאא 
אאKאאאאא

אאאאFE4.5.K 
 

 אאאאאא
  אא  א      א    א  א

 K א א   א  א  א   א א
Non-direct flow א א ONAN: Oil-natural, air-natural cooling K

 א א    א    אאdirect flowא  
אOFAF: Oil-forced, air-forced cooling 

  אאאאאא אאא
א forced circulation  א  א   א  

אאK 
   
 אאאFE

אאW 
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 א אא 
 
 

א 
 

 
אא 
FאE

 

O 

K 

L 

 (Flash point)300oC 
(Flash point)300oC 

 

 
אא
FאE 

 

N 

F 

D 

אא(Natural Convection) 
אא(forced Circulation) 
אאא(Directed 

flow) 

 
 


 

א א
FאE

A 

W 
אאAir 

אWater  

אאא
FאE 

 

N 

F 

 

(Natural Convection) 
(forced Circulation) 

 
                          4.1Wאאאא 

 
אאאW 

ONANWאOil-natural, air-natural coolingK 
ONAFWאOil-natural, air-forced coolingK 

 
 אאאאא  KOA

אאאאאONANK
  FA   א ONAF FOA   אOFAFODAF

א   א א K  א א    Multiple 

ratingsא א   K א   א ONAN/ONAF  
אאאאK 
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   محولات القدرة جداول لاختيار – 4.2جدول 
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א(Bus-bars  Schemes) 

 
FEאW 

 Jאא 
 Jאאאא 
 Jא 
 Jאא 
 Jאאא 
 Jא،אאאאאK 

אאא
אKאאאאאאא

אK 
 

אFאEאא 

אFEאאאאW 
 

١K אאSingle Bus 
٢K אאאDouble bus, double breaker 
٣K Main and transfer (inspection) bus 
٤K אאDouble bus, single breaker 
٥K Ring bus 
٦Kאone-and-half circuit breaker bus 
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١KאאF4.8 א ESingle Bus 

 אאאאאאK
  א א    א   א א    א  

אKאאאאא
אאאאאK 

 

 
 
 

4.8אWאא 
 

٢KאאאF4.9אEDouble bus, double breaker 
 אאאא

  Kא א  א  Kא 
אאאאאK 

אאאאא
אאאKאאאאK 

 

قضيب 
  توزيع

  قاطع

 سكينة
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(4.9)אWאאא(4.10)א
 

 
٣KF4.10אEMain and transfer (inspection) bus 

 אאאאאאאF
אאKEאאBus tie breakerא

אKאאאאאא
אאאאאאאK 

אאאF(tie breaker
אאאאKא

א אא אא אא א K
אאאאאאאאאK 

אאאאאאאא
אאKאאאK 

 א א    אא K
אאא א א א  K א א 

אאK 
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٤K אאF4.11אEDouble bus, single breaker 
אאאאאאא

     א א    א א  
אאאאK 

  
(4.11)אWאא  

  

אאאאאאא
אא KאאאאK

אאאאאאאW 
 JאאאאאK 
 JאאאK 
 JאאאK 

אאאאאא
א 

 

  رابط
 قضبان

قضيب توزيع 
 رئيسي

قضيب توزيع 
 أحتياطي
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٥K F4.12אERing bus 
 

אאאאאאK
אאאאאאאKא

א  א א   א אא  אא א  א  
K 

אאאאאאאאKא
אאאאאאK 

א א אאא א K
אאאאאאאKאא

אאאאK 
 
 
 

 
 

אF(4.12WRing bus 
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٦KאF4.13אEone-and-half circuit breaker bus 
 

 א     א   א  א Kא א 
אאאאאאאאא

אא א K אא אא א א אאאא
F٤٠٠٧٥٠KEאאאאאאאאאא 

 

 
(4.13)אWאone-and-half circuit breaker bus 

 
אאאאאאאKא

   א   א، אא   א א 
אKאאאאאאK 
אאKאאא

אא، 
 

 ١دائرة  ٢دائرة 

قضيب  سكينة قاطع
توزيع 
 ١رقم

قضيب 
توزيع 
 ٢رقم
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 אFE 

 
אFאE אא א אא

 
אא 

Single Bus 

  –  א 
 

  J
אFאE 

 
 

 
אא  א

Double bus, double breaker 

  –א  אא
א J  א 

אK 

 Jאא
אFאE 

 
אאא

 
   

Main and transfer 
(inspection) bus 

–
א    א

אאK 

  –
אFאE 

 
 

 
אא 
Double bus, single breaker 

  א–  
אאK 

  –
FאE 

 
 

 
 

 Ring bus 

–א
אK 

  –
FאE 

 
   

אא 
 

א
one-and-half circuit 

breaker bus  
  
  

–אא
אאא

אאK 

  –
א 

 
  

א 
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א Voltage and current transformers 

 
אCurrent transformer  

 א א אא     K  א  אא
אFאאEאאאאאאאא

(Ammeter and Wattmeter)   א  א א  
אאKאאאF400/1AE4.14א)EK 

 
 

(4.14)אWאאא 
 

אvoltage transformer  
  א   א א Kא  א 
 א א Fא E   אאא

(Voltmeter and Wattmeter)אאK 
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אW 
- א א Induction transformer W א א   

אאF4.14אEK 
- א א Capacitive transformer W   א   

K 
- אאOptical transformer WאאF

(Pockels effect 
אאאF110000/100VEK 

 
 

אאאאCircuit Breakers and Disconnectors 
 

אאאCircuit Breakers 
     אא Fא  E     

אאFאא KEאאאא
،אאאאאאK 

 אאאאאאא
Fא،SF6،אאאKEאא،אאאא

F(Electrical arcאאאאאK 
אא  א אא  א א   אK

אW 
- אאאאאAir magnetic circuit breaker 
- אאאOil circuit breaker  
- אאאאAir blast circuit breaker 
- אאאאVaccuum circuit breaker 
- אאאGas circuit breaker 
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FWEאאאאאאאא 

 
FWEאאאאאאא 

 
(4.15)אFWWEאאאאאאאא 

  FWEאאאאאאא 
 

      א א א א  א א 
א  א Kא א א   ،  א 

אאאאoC)Eא
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אאאFאFE4.15EKאאא
א،אאאאאK 
 אאאאאאאאאאאא

אאאאאא(SF6  technology)אאK 
 

 אאאאאאאא
א Kא א אאאא א

 א אא א אא      (Dead tank Breakers)   א א
אKאאאlive tank Breakers)Eאא

אאא אאאאאא Kא
 א א א   א  א א  א  K

 א   א   א ،א     
אאא Kאא אא

אFאKEאKא
אאאאאא(SF6 breakers)א  

אאK 
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(4.16)אWאאאאאאאFאE 
 

 אא אא  (Vacuum circuit breaker)     א
אאאאאKאאא

אאאאאFאאKE 
 (Sulfur hexaflouride) SF6אאא

  א  Kא   א  א  א  א
אא א ، א א  

 Kא א   ، א א אא SF6א
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אא Kאאא 
אK 

 
אאאSF6אאאW 

 Jאאאאאאא
אK 

- אCompressorאאאאאK 
- א63kA،אK 
- א،22.5(Cycles) EHV)E 
- אא25K 
- אא 
- אאK 

 
אDisconnect switch 

 
 א   א       א 

،אאאא K
אאאאK

אא،אא
אK 

אאאKא
אאאK 

אאאאאאאאאK
אאאאאאK 

אאאKא
אאKא

א א       א K  א  
אאK 
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אW 
 JאאVertical break 
 JDouble break switches 
 JVF(V switches 
 J(Center-break switches) 

- אF(Grouding switches 
אאאאאאאK 

 
אGrounding switch 

 
  א       א  א  (4.17)K

אאאאאK 
אא63kA Kא

אאK 
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ضيرأتلا دومع
(on   ) حوتفم

ضيرأتلا دومع
(off   ) قلغم

 
 

(4.17)אW110kV  
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אאאא 
 

 א א   אאא     א א 
א א   K    א    א 

אאK 
    א אאא    א   

אא K א א אא
אאאאK 

אאאאאאא
אאאK 

 
אאאא(Fire protection measures)W 

  אא  אאא (passive measures) אא (Active 

measures)Kאאאאא
אאאאאKIEEE 

979אאאאאK 
 אאא  א   א  א   א  

א K אאאאאאא 
אאאK 
 אאא،א،אא

א K     אא  Kא
  א א(Sprinklers valves)  א(Deluge valves)،

אאאאאא
אK   אאא 

אאאאאא
א   א אא  K IEEE 979 א   

אאK 
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אBatteries  

  א אא אא א
אאא،אאK 

אאאאK 
  אא     א     א 

אK 
 א א  א UPS systemא א א א 

K 
אW 

אא      א  K    א W
אאאאאKאאאאא

א  א א א א
אKאאאא

א  א   א  א א 
אK 

אאאא
אאאאאאאK 

 
אא 

א  א    א א   Kאא   
אW 

אWא 
אWא 

אWאא 
אWאא 

אאאאLאאLאKא
אאאW 
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موحد   

مصدر    
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אאW J 
- א א  Wא  א        

אאאF JEK 
- אאWאאאאא

אאאאא
אF12KE 

 
אW 

אW J 
אW Jא 

- אאאאK 
אW Jא 

- אא 
- אא 
- אאאאא 

W Jאאאא
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אSubstation Earthing 
 

 אאאאאאK
אאאאאא

transformer neutralsא   earthing impedances K א   
אאאאא

אאK 
אאאאאאאK 

אאאW 
- אTouch VoltageWאאאאאK

א א   א אא א  א  אK
(4.19)אאאא
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ةيساسلاا تامدصلا عاضوا 
(4.19)אWאאא 
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 JאStep VoltageWאאאא

אא4.20 J4.19 K 
 J א  Mesh Voltage W   א א    

אאאFא4.19EK 
 

ةوطخلا دهجل ضرعتلا

ةطحملا يف يضرلاا ةكبش

مسجلا ةمواقم

ةوطخلا دهج

U
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אאSubstation Earthing Calculation Methodology: 
 אאאאא

ground resistivity א Kא 
אאא،אEarthing voltageK 

אאא،אאאאאK 
אאאא K

אאאK 
אW Earthing Materials 

 J  אConductors W  א    א א
אאאאא95mm2אא

0.25-0.50 mא3-7mK 
 J  אConnectionsW  אא    א 

אאאאאאKאא
אFאEK 

 J אEarthing RodsWא
אאאאאא Kאא 

אאאK 
 J א Switchyard Fence Earthing  Wא

אא 0.5m1.5 mKאK 
אא

אאK 
אאאאא،W 

 JאGround grid 
 -אאא Overhead ground wires 

-אFאENeutral conductors 
 JאאUnderground cables  
 JאFoundations 
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אאW 
 א  א  א  א   א  אStep 

voltageאTouch voltageאאא
אW 

mL
G.Ii.Kmρ.K

mE = 

W 
EmWאStep voltageW 
ρWאאSoil resistivityW 

KmWאאאThe geometrical factor 
KiWאThe correction factor 

IG(p.u) W  א א  א א The average current in the 
grounding system 

LmWאאThe length of the conductor that makes up  the 
grounding system 

 א אא(IEEE-80 Guide for safety in AC 

substation grounding  אאא
K 
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אComponents of a substation automation system 

    א  א א  אא
אאאW 

 J  Intelligent electronic devices (IEDs)    
א، אא,(PLC)אאא 

אאאאK 
 Jאאאאא.Conventional remote terminal  unit 

(RTU)אא אאאא א 
אK 

 J  :SCADA א א   SCADA System Master Station 
אאאאאK 
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אאאא(4.23)Wא 
אא(Gas Insulated Switchgear for substation) 

 

אאאא،אאא
אא،אאאאאא

אא،אאא
 SF6F4.25 א  4.27EKאאאאאא

אFאEאאאא،אאא
Kאאאאא 

אאאאאאאא
אW 

 J אאאאSF6אא
K 

 J אאאאאאאא
אK 

 J אאאאאאאאא
אאKאאא

אאאאK 
 J אאאאאK 
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4.25אWאאGIS substation 
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4.26אWאאאאGas Insulated Switchgear for substationK 
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4.27אWאאאאאK 



א ٢٦٤  
 אאא  
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١ Jאא12אא

אKאאI=4A48VאKא
אא8אKאאא

אא1.5K 
אW 

 Jאא٢٤ 
 Jאאא 
אאאאאאW 

GאZ1.5A GאZ   12V 
 JאאאאאאאK 
 JאאאאאאK 

         FאFWE2AFE9AFE24E  
 

٢ JאΥ،P=10MW
P.F.=0.85(Lag.)U=11kVKאאאXS=0.66Ω Kא

אאK 
 

٣ JאאאW 
 J אZ30.5% 
 J אאאZ18000kW 
 J אאאW7500kW, 5000kW, 3400kW, 4600kW, 2800 kW 

 Jאאא 
 JאאK  

FאFWE48.09x106 kWhFE1.3E 
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٤ JאW10MW, 5MW, 8MW  

7MWKאא1.5אא60K٪W 
 JאאK 

 JאאK     
 FאFWE20MWFE105.12x106 kWhE

٥ Jא 43000kW، אא
20000kWאא61500000kWhKאW 

EאK 
EאK 
          FאFWE46.5%FE35.1%E 

٦ JאאאאW 
  

אאא אא
  p.m.126a.m. 200W 

6a.m.12noon 3000W 

12noon 1p.m. 100W 

1p.m.4p.m. 4000W 

4p.m.9p.m. 2000W 

9p.m.12p.m. 1000W 

 
Eא 

FאFWE46.1%E 
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אSymbols 
 

 
A   :אAmpere or area 
C   :אCapacitance  
D  :א،אDiameter, Distance  
E   :אאVoltage of cell  
f   :אFrequency  
F   :אFarad  
G   :אאConductance  
H   :א،א،Head, Henry  
I   :אCurrent  
j   :אא Vector operator  
εο   :אאPermittivity of air  
εr   :אאRelative permittivity  
L   :אInductance  
l   :אLength  

m   :אMass  
n   :אSpeed 
  P :אאActive power  

p   :אאNumber of 
poles   

Q   :אא،Reactive power  
R   :אResistance  
r   :אRadius  
S   :אאApparent power 

T   :אא،אTemperature, Cycle  
V  :אVoltage per phase  
U  :אLine to line Voltage   
X  :אReactance  
Y  :אAdmittance  
Z  :אImpedance  

ωm  :אאAngular Velocity  
Ω  : أومOhm  
η  :אEfficiency  

EmWאStep voltageW 
ρWאאSoil resistivityW 

Km WאאאThe 
geometrical factor 

KiWאThe correction factor 
IG(p.u) W א א 

  אאThe average current in 
the grounding system 

Lm W  אאThe 
length of the conductor that makes up  

the grounding system 
 

 


