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Pelican١٨ ٠٠٠}٤٧٧L١٠٠٤}٤٤١٠}٠٢٦٤٠}٢١٤٨٠}١٩٥٧٠}٠ ٠٣٦١}٠ ٨١٤}٠ ٢ ١
Flicker٢٤ ٠٠٠}٤٧٧L٠٩٩٢}٤٣٢٠}٠٢٨٤٠}٢١٣٤٠}١٩٤٣٠}٠ ٠٣٥٩}٠ ٨٤٦}٠ ٢ ٧
Hawk٢٦ ٠٠٠}٤٧٧L٩٨٨}٤٣٠٠}٠٢٨٩٠}٢١٢٠٠}١٩٣١٠}٠ ٠٣٥٧}٠ ٨٥٨}٠ ٢ ٧
Hen٣٠ ٠٠٠}٤٧٧L٩٨٠}٤٢٤٠}٠٣٠٤٠}٢١٠٧٠}١٩١٩٠}٠ ٠٣٥٥}٠ ٨٨٣}٠ ٢ ٧

Osprey١٨ ٥٠٠}٥٥٦L٠٩٨١}٤٣٢٠}٠٢٨٤٠}١٨٤٣٠}١٦٧٩٠}٠ ٠٣٠٩}٠ ٨٧٩}٠ ٢ ١
Parakee

t
٢٤ ٥٠٠}٥٥٦L٠٩٦٩}٤٢٣٠}٠٣٠٦٠}١٨٣٢٠}١٦٦٩٠}٠ ٠٣٠٨}٠ ٩١٤}٠ ٢ ٧

Dove٢٦ ٥٠٠}٥٥٦L٠٩٦٥}٤٢٠٠}٠٣١٤٠}١٨٢٦٠}١٦٦٣٠}٠ ٠٣٠٧}٠ ٩٢٧}٠ ٢ ٧
Rook٢٤ ٠٠٠}٦٣٦L٠٩٥٠}٤١٥٠}٠٣٢٧٠}١٦٠٣٠}١٤٦١٠}٠ ٠٢٦٩}٠ ٩٧٧}٠ ٢ ٧

Grosbea
k

٢٦ ٠٠٠}٦٣٦L٠٩٤٦}٤١٢٠}٠٣٣٥٠}١٥٩٦٠}١٤٥٤٠}٠ ٠٢٦٨}٠ ٩٩٠}٠ ٢ ٧

Drake٢٦ ٠٠٠}٧٩٥L٠٩١٢}٣٩٩٠}٠٣٧٣٠}١٢٨٤٠}١١٧٢٠}٠ ٠٢١٥}٠ ١٠٨}١ ٢ ٧
Tern٤٥ ٠٠٠}٧٩٥L٠٩٢٥}٤٠٦٠}٠٣٥٢٠}١٣٠٢٠}١١٨٨٠}٠ ٠٢١٧}٠ ٠٦٣}١ ٣ ٧
Rail٤٥ ٠٠٠}٩٥٤L٠٨٩٧}٣٩٥٠}٠٣٨٦٠}١٠٩٢٠}٠٩٩٧٠}٠ ٠١٨١}٠ ١٦٥}١ ٣ ٧

Cardina
l

٥٤ ٠٠٠}٩٥٤L٠٨٩٠}٣٩٠٠}٠٤٠٢٠}١٠٨٢٠}٠٩٨٨٠}٠ ٠١٨٠}٠ ١٩٦}١ ٣ ٧

Ortolan٤٥ ٥٠٠}٠٣٣}١L٠٨٨٥}٣٩٠٠}٠٤٠٢٠}١٠١١٠}٠٩٢٤٠}٠ ٠١٦٧}٠ ٢١٣}١ ٣ ٧
Bluejay٤٥ ٠٠٠}١١٣}١L٠٨٧٤}٣٨٦٠}٠٤١٥٠}٠٩٤١٠}٠٨٦١٠}٠ ٠١٥٥}٠ ٢٥٩}١ ٣ ٧
Finch٥٤ ٠٠٠}١١٣}١L٠٨٦٦}٣٨٠٠}٠٤٣٦٠}٠٩٣٧٠}٠٨٥٦٠}٠ ٠١٥٥}٠ ٢٩٣}١ ٣ ١٩

Bittern٤٥ ٠٠٠}٢٧٢}١L٠٨٥٥}٣٧٨٠}٠٤٤٤٠}٠٨٣٢٠}٠٧٦٢٠}٠ ٠١٣٦}٠ ٣٤٥}١ ٣ ٧
Pheasan٥٤ ٠٠٠}٢٧٢}١L٠٨٤٧}٣٧٢٠}٠٤٦٦٠}٠٨٢١٠}٠٧٥١٠}٠ ٠١٣٥}٠ ٣٨٢}١ ٣ ١٩
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t
Bobolin

k
٤٥ ٠٠٠}٤٣١}١L٠٨٣٧}٣٧١٠}٠٤٧٠٠}٠٧٤٦٠}٠٦٨٤٠}٠ ٠١٢١}٠ ٤٢٧}١ ٣ ٧

Plover٥٤ ٠٠٠}٤٣١}١L٠٤٩٤٣٦٥}٠٧٣٥٠}٠٦٧٣٠}٠ ٠١٢٠}٠ ٤٦٥}١ ٣ ١٩٠٨٢٩}٠
Lapwin

g
٤٥ ٠٠٠}٥٩٠}١L٠٨٢٢}٣٦٤٠}٠٤٩٨٠}٠٦٧٨٠}٠٦٢٣٠}٠ ٠١٠٩}٠ ٥٠٢}١ ٣ ٧

Falcon٥٤ ٠٠٠}٥٩٠}١L٠٨١٤}٣٥٨٠}٠٥٢٣٠}٠٦٦٧٠}٠٦١٢٠}٠ ٠١٠٨}٠ ٥٤٥}١ ٣ ١٩
Bluebir

d
٨٤ ٠٠٠}١٥٦}٢L٠٧٧٦}٣٤٤٠}٠٥٨٦٠}٠٥١٥٠}٠٤٧٦٠}٠ ٠٠٨٠}٠ ٧٦٢}١ ٤ ١٩

 
١}٥אWאאא(ACSR)K

 
 

אLine Reactance (XL)    
אאא،אאאא

Inductive ReactanceXL=ωLאאאא
אK



אאFאEאW
א

H/m L
D
r

o= +
µ
π2

1
4

( ln )KKKKKKKKKKKKKKKKKKKKKKK(٢}٥) 

µο=2π x 10−7
Wאאאא

DWאא
rWא

DD

D

2r

D1
D2

D3

2r

א א
٢}٥אWאא



אאאF٢}٥אEאאא
אאאאWD D D D= 1 2 3

3 KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣}٥) 
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WאאWD = ٥m

אW r =٥}١cm
אWf = ٦٠Hz

אWL x H m=
×

+ =
−

−4 10
2

1
4

500
15

12 12 10
7

7π
π

( ln
.

) . /
אאWXL = ωL=٣٧٧x ١٢}١٢x١٠ ٤٥٧}٠=٧ Ω/km

אאאאאאR=٠٧٤}٠ Ω/kmKא
אRXL א

אK
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א
אאאאא

אאאאאKאאאאאאK
אאאאאK

אאאKאאK
١٠٠km٣٠٠kV אאא

אאK

אא

Cn

Cn Cn

Cn

Cn Cn

CC

C

2r

D

D D

אאא
٣}٥אWאאאK


אאאW

אאאאאאאF٣}٥אEW
C C F mn D

r
= =2

2 0πε
ln

( / )אKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤}٥) 


εο=8.854x 10−12

Wאאא،Permittivity
DWאא
rWא
CWאאא

אאאF٢}٥אEאאא
אאאאWD D D D= 1 2 3

3
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אאCapacitive ReactanceFאאEאאW
X

Cc
n

=
1

ϖ
אKKKKKKKKKKKKKKKKKKKK(٥}٥) 

FHzEfWאKאאא w=٢πfK


אאא(Y) Capacitive admittance،
אאאאW

 Y j
X

j C
c

n= =
1

ϖ(Siemens)  אKKKKKKKKKKKKKKKKKKKK(٦}٥) 

 
W א  א    א ٢٠٠אkm   ٣cm  

٥mK
אאאאW

   C F mn =
× ×

= ×
−

−2 8 854 10
9 577 10

12

500
1 5

12π .
ln

. /
.

 

 : لكامل الخط والمحايد موصل ن آلبيسعة  ال∴
FCn

6312 10915.11020010577.9 −− ×=×××=    
אאCapacitive ReactanceאאאW

X
C x xc

n
= = =−

1 1
377 1954 10

13856ϖ .
Ω

אאCapacitive AdmittanceאאאW


Y j C xn= = ∠−ϖ 722 10 906 0(Siemens) K
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אא

אאאאאאאאאא

KאL(m)אא
אKאאאאאאא

אאאאKאאא
אאאאא

אK


אאאאאאא
אאKאאאאא٤}٥K

  VSאאSending end voltage per phase  

  VRאאReceiving end voltage per phase 
  ILאLine current 

RאLine resistance per phase 
XLאאLine reactance per phase 
∆VאאLine voltage drop per phase 

  PR(w)אאאActive power at receiving end  
  SR(VA)אאאApparent power at receiving end  

  QR(VAR)אאאReactive power at receiving end  
  CosφRאא power factor at receiving end  
  PS(w)אאאActive power at sending end  

  SS(VA)אאאApparent power at sending end  
  QS(VAR)אאאReactive power at sending  end  

  CosφSאא power factor at sending end  
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XLR

XLR

XLR

VS
θs

VR
θR

Generatorالمولد Transmission lineخط النقل Loadالحمل

Sending endجهة الارسال Receiving endجهة الاستقبال

IL

∆V


٤}٥אWאאאK


אאאאאאאאא

אאF٤}٥EאאFEא٥}٥K



٥}٥אWאאאאאK




אאאW
אאWV V VS R= + ∆KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٨}٥) 

אVRאV
U

R
R=
3

KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٩}٥)
א∆V Z I I R jI XL L L L L= = +KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(١٠}٥)
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W  URאאLine voltage at receiving end  K
ZL=R+jXLWאLine impedance K

RIL:אאא Resistive drop in phase with IL K
XLIL:אאא Reactive drop in quadrature with IL K


אאאא


א٦}٥אאאאאKאא

OMAWאא
OM OA AM OK KA AC CM2 2 2 2 2= + = + + +( ) ( )KKKKKKKKKKKKK(١١}٥) 

OM OK KA AC CM= + + +( ) ( )2 2KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(١٢}٥) 


V V RI V X IS R R L R R L L= + + +( cos ) ( sin )φ φ2 2KKKKKKKKKKKKKKKK(١٣}٥) 
 

I
L

RIL

X L
I LVR

VS

θS

φR

φR

φR

O
B

C

A

K

D F

L

M


٦}٥אWאאאא
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אא


אאאאW
אא θSOM   OFאאOM=OFFKEא

W

OM OD DF OB BD DF= + = + +
V V BD DF V RI X IS R R L R L L R= + + = + +cos sinφ φKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(١٤}٥)

V V RI X IS R L R L L R− = +cos sinφ φ


אאאW∆V RI X IL R L L R= +cos sinφ φKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(١٥}٥) 
אאW   V V VS R= + ∆KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(١٦}٥) 


אאאאאאאאSolution in Complex  Notation 

אאVRReference vectorאא
א٦}٥א،אאW

V V j VR R R
o= + = ∠0 0KKKKKKKKKKKKKK(١٧}٥)

I I j IL L R R L R= − = ∠ −(cos sin )φ φ φ KKKKKKKKKKKKKKK(١٨}٥)
אאLaggingאאאאאאאא،

KאאאאאLeading
אK


θ∠=+= ZjXRZ LLKKKKKKKKKKKKKKKKKK(١٩}٥) 

∆V Z IL L L= ∠ −θ φKKKKKKKKKKKKKKKKKKK(٢٠}٥)
אאWV V VS R= + ∆KKKKKKKKKKKKKKKKKK(٢١}٥)

V V Z IS R L L R= + ∠ −( )θ φKKKKKKKKKKKKKKKKKKK(٢٢}٥)
V V I j R jXS R L R R L= + − +(cos sin )( )φ φKKKKKKKKKKKKKKKKKKK(٢٣}٥)
V V RI X I j X I RIS R L R L L R L L R L R= + + + −( cos sin ) ( cos sin )φ φ φ φKKKKKKKKKKKKKKKKKK(٢٤}٥) 

V V RI X I X I RIS R L R L L R L L R L R= + + + −( cos sin ) ( cos sin )φ φ φ φ2 2KKKKKKKKKKKKKKKKKK(٢٥}٥) 
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אאLeadingFאEאאW
I I j IL L R R L R= + = ∠(cos sin )φ φ φKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٢٦}٥) 

אאW
V V I j R jXS R L R R L= + + +(cos sin )( )φ φKKKKKKKKKKKKKKKKKKKKKKKK(٢٧}٥)
V V RI X I j X I RIS R L R L L R L L R L R= + − + +( cos sin ) ( cos sin )φ φ φ φKKKKKKKKKKKKKKKKKKKKKKKK(٢٨}٥)
V V RI X I X I RIS R L R L L R L L R L R= + − + +( cos sin ) ( cos sin )φ φ φ φ2 2KKKKKKKKKKKKKKKKKKKKKKKK(٢٩}٥)

אאאW
φ φ θS R s= +KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٠}٥) 



אאWVoltage Regulation of line 
א،אאאאאW

∆V
V V

V
S R

R
(%) =

−
× 100KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣١}٥) 


אאאWPower losses of the line 

א R אXL אאא(P)
Active Powerא(Q)Reactive Power אKא

אאאא P=I٢R)  (P∝I٢K
אא PLoss QLoss Kא

אאאאאאאא
אK

WאאPloss(W)אאאא
P RILoss L= 3 2KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٢}٥)

                
 P P PLoss S R= −KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٣}٥) 

אאאאQloss(VAR)W
              Q X ILoss L L= 3 2KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٤}٥)

              
 Q Q QLoss S R= −KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٥}٥) 
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Q

P

S
ϕ

אא،אאאא
אאאאK،אא

אאאאא
אאKאאאא

אאאאאאאאאK


אאאW
 SS(VA)אאאאאאאאא

אW S V IS S L= 3 *KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٦}٥) 
אאאPS(W)אQS(VAR)אא

אWS P jQS S S= +KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٧}٥)
אאK

 

אSR(VA)אאPR(W)אQR(VAR)אW
S V IR R L= 3 *KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٨}٥) 

S P jQR R R= +KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٣٩}٥)
אאאאW

W      Pאאאא V IS S L S= 3 cosφKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٠}٥) 
           Q V IS S L S= 3 sinφKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤١}٥) 

    S V I U I
P Q

S S L S L
S

S

S

S
= = = =3 3

cos sinφ φ
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٢}٥) 

אאאאWP V IR R L R= 3 cosφKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٣}٥) 
       Q V IR R L R= 3 sinφKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٤}٥) 

S V I U I
P Q

R R L R L
R

R

R

R
= = = =3 3

cos sinφ φ
KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٥}٥) 



אEfficiency of transmission line 
אאאאאא،

אאאאW
                     η(%) = ×

P
P

R

S
100KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٦}٥) 
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 W
אאK
א،f=٦٠HzR=٥ΩL=٣٠mH

אאP=١٠٠٠kW ٨}٠١١kVאאKW
JאאאK

JאK
JאK
–אאאK

אW
אאW

V
U

VR
R= = =
3

11000
3

6350
אW

I
P

V
AL

R

R R
= =

×
× ×

=
3

1000 10
3 6350 08

65 6
3

cos .
.

φ


φR
o= =−cos ( . ) .1 08 36 87

I AL
o= ∠ −656 3687. .

אW
Z R j fL j jL = + = + × = +2 5 2 60 0 025 5 9 4π π . ( . )Ω

אאW
∆V Z I V j VL L

o o o= = ∠ ∠ − = ∠ = +( . )( . . ) . . ( )10 65 62 65 6 3687 698 64 2513 632 296
JאאW

V V V j VS R= + = + + = ∠∆ 6350 632 296 6988 2 40( ) . 
אאW

U V V kVS S= = × = =3 3 6988 12100 12 1. 
אאW

Φ ΦS R R
o o o= + = + =θ 36 9 2 4 39 3. . .

cos .φS = 0 774
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–אאאא
P RI W kWLoss L= = × × = =3 3 5 65 6 64550 64 552 2. .

אאא
P P P kWS R Loss= + = + =1000 64 55 1064 55. .

אW
η = = = =

P
P

R

S

1000
1064 55

0 9394 93 94%
.

. .

–אא
∆V

U U
U

S R

R
(%)

.
=

−
× =

−
× =100

12 1 11
11

100 10%




I
L =65.6A

RIL=  632V X L
I L

=29
6V

VR=6350V

VS=6988V

θS=2.4o

φR=-36.9o

φS=-39.3o


٧}٥אWאאאא
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אאאא
אאאא،אא،א

אאאאאא
א א   K א א א א א  Leakage reactance

אא،אאאאK
אאאאא

אאאאאאא
F ١٠٠kmEאאאא

אא٨}٥KאאאIsא
אIRאאIcאאW





XLR

VS
θs

VR
θR

IR

∆V IC

IS

XC


٨}٥אWאאא


אאWI I IS R C= +KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٧}٥) 

אאאWI j CVC R= ϖKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK(٤٨}٥) 
אW   ∆V Z I R jX IL S L S= = +( )KKKKKKKKKKKKKKKKKKKKK(٤٩}٥) 

אאWV V V V R jX IS R R L S= + = + +∆ ( )KKKKKKKKKKKKKKKKKKKKK(٥٠}٥) 
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٩K}٥אאאאא


I
S

RIS

X L
I SVR

VS

θS

φS

IC

φR

I
R


٩}٥אWאאאאא


אאאT ( T - Method )  

אאאאאא
אאאאאTא١٠}٥K



VS
θs

VR
θR

Sending endجهة الارسالMedium lineخط نقل متوسط Receiving endجهة الاستقبال

IR
XL/2R/2 XL/2R/2

XC

IS

IC

XL/2R/2 XL/2R/2

XC

IS

IC

XL/2R/2 XL/2R/2

XC

IS

IC


١٠}٥אW T(T-Model)
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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  : אRelative 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:  أوم Ohm 
η : אEfficiency 

µο : אאPermeability
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