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Abstract

Since air transport is the backbone of the electrical power system, the quality
of performance and the ideal of operation must be known. Transmission lines
are known to enter many transactions but there will be limited performance
elements. The most important aspects of operation in the transmission line will
be identified through the design ofapropsed a transmission line that will
achieve the the ideal operation of 500 kv lines of the Sudanese electricity
transmission network. In thislight,the study tackled the main objective of the
research, the problem of research and the expected results and the general
concept of the air transport lines and the basic constants of the transmission
line (long - medium - short). The lines of the of the electrical transmission lines
including thedifferent types of conductors,(EHV) will alsoaddress the towers
oftransmission lines of alltypes and grounding wiresand dampers, whichare
important support for the absorption ofvibrations in line Speaking ofthe
operation in the transmissionlines was speaking in general about the flow of
power and stability of the system of power and failures that can occur in the
addition to thedifferent types of protection of transmission lines.

The study examined the calculations of theproposed line of
transmission(Atbara-Kabbashi) with avoltage of( 500kv) foroptimal operation
andsecurity.The MATLAB simulation program was used to find all the required
calculations in the proposed transmission line.
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AAAC All Aluminum Alloy Conductor

AAC All Aluminum Conductor

AACSR Aluminum Alloy Conductor steel Reinforced
ACAR Aluminum Conductor Alloy Reinforced
ACSR Aluminum Conductor or steel Reinforced
GMD Geometric Mean Radius

CM centimetre

M Meter

MM Millimetre

KM Kilometre

KG kilo gram

KV Kilo voltage

OPGW Optical Ground Wire

OoC Open Circuit

SC Short Circuit

VT Voltage Transformer

W Watt

KW Kilo Watt

MVA Mega Voltage Ampere

LF Load flow

OPF Optimal Power Flow
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Lgaazy pe Glasall Loy )l VLaty) Jlase (& Jang s Jaill Lo glad ) ddlica) A gacal) Call) ey
AS (8 A8 yall g aSatl) i L) Jlind 5 Jle ) e dasas

: AR Jai el clluatoo
:(Resistance e stiall Clua -0
Rrpe = Raopc (1 + a(T — 20))
Rgo = 0.1024(1 + 0.00403(50 — 20))

R50=0.115R<, = 0.115 Q /km
O (S Bansl) 50 a An ol Jliiely (pidliae ) ja iaal e sliall dad Gl o
.50°C J=ai
asiaall o il Jua sall dagliall daf Lol Jia gall dadad 33 gake Loluon o3 ) daglaall o)
Dot Aae Ol ge day i (ge (g 5Sall

R50=0.115Rgo = =~ = 0.0287  Q/km

:(inductance)stilaall lua 2-3-0

(Dove) & 5 (ACSR) (<l doa sall a5y (0-Y) Jiill



(Dove) ¢ 5 (ACSR) el daa sl (0-Y) IS

L_,uoL1 Dm+ 1
= or gty

D,, = V13 * 13 % 26 = 16.37m

n —_—
rB = ’n*r*ron 1

S 0.45

=" .= . =
251n(;) 251n(;)

= 0.1318

r = GMR stranded

r = 9.54mm

rB = /4 % 9.54 * 1073(0.318)*~1 = 0.187m

4« 1077 [16.37+ 1]
or o187 Tax4

L=894%10""H =8.94 +«10""H /km
Jhasall Cliial g (o WAAT 235 405 afy Lgibun & o e o o 20y Jadl) d3las s o
Jail Al paadl A A 6 Jeritasall ApladY) Lpallal Gupliall Js2a (e Dove g5 ACSR
(2) (ale B2 sanall £y oSl
A Al A ot 1) JaAl) A iad) Dailaall () s Al dilae Sl axy

X, = oL = 27FL



=21(50)(8.94 x 1077
= 0.28 mohm/km

: (capacitance) 4zl lusn3-3-5

2TT*E

2
ln[0.187 /1+(Ziff;5) ]

C =

2m * 8.85 % 10712 x 103

16.38
’ 2
16.37
0.187 1+(2*14.75)

27‘[*885* 10712 x 103

16.37
f 16. 37
0.187 1+ oia 75

= 1.28 * 10" 124F /km

= 0.0128uF /km

LY Lpalladl anliall Jsan e A5 a5 Lgalun &5 3 paie ad AV Jadll daudl day) o
AS 53l e 038 &3 (H) Jaill Jad ol ) 53 samall ol 5eSI Jail Aty sl 4,80 A Jerivual)
14.75km (A s o3k 48l as g
Als sl
Aellaa) a5 Al Tan 3 ya (a5 31 sall e el daits Ll (8 () 53 (5 ) ) dulia 5

Surge Impedance Loading
5 Surge Impedance Loading alaaiuls aall 3 )08 poad caag all ji) all aae sy

2

v
SIL = =
Zy

L [894x10-
0= [c7 |128+10-8



zo = 2643 Q

SIL = Vit _ (500" 945.8MW
oz, 2643 7
Can g 3 galal il (PN Sdjudac) haal SIL hall leleady 58 ol )

945.8MW s s
gl 5 sise jlial 4-3-5
0.9 5,8 Jalxa945. 8MW 4 Asiiall s )l of (o 2y bkl 138 sana o

292 9458 0-5

V=55 *1000| = 540KV

116 M 100
5500 KV o& sl 3 Jaill Ja glad nga ae 40 )lie A8l Ayngall Al Lpaga A

e o TP
S shall Jall ladl 258 5 j3lall 5-3-5

Incremental length
of transmission line
s A N
I I+dr __2dx I Ip
———— e .+ s o LR s o
+ + +
‘[5 V VR
_ :
‘ X
> | e e
x=¢ x = ()

(292km) z rialdly shall Jaill las(0-¥) I
z=R+JX, =0.028+]0.276 Q/km/phase
Xm = 2zfc
y=G+]Xm =0+]4.11 =4.11us/km/phase
s 4l ) gil) 43 glaa
z = (0.028 4+ 0.276) * (292) = 8.176 + ] 80.592
= 8.176 + ] 80.592 O /phase
= 814£84.2 () /phase



2 4 (5 51 g3t 48 glaa
Y =] 4111075292 = ] 1.2 « 10~3s/phase
Y =1.2%1073290 s/phase
~YZ = (1.2 %10739.,0) = (81284.2)
= —0.0967 +J9.82 x 1073
= 0.0972 £174.2
~\YZ =0.312287.1 = 0.0157 +/0.312
VYZ = a +JB = 0.0157 4+ J0.312
or a = 0.0157radians

B = 0.312 radians

«Jz]y = 264.572 — 2.86

Zc= |%2 =26457,/-286
’ y

cosh,/yz = cosh (0.0157) cos(0.312) + J sin h(0.0157) sin(0.312)

= 1.0001 +J 8.5496 « 107>
= 1.0001£0.0049

sinhVYZ = sin h(0.0157) cos(0.312) + Jcosh (0.0157) sin(0.312)
= 0.0157 +J0.00545
= 0.0166219.14
: b AflaY) bdll cu o8 a8
A=D =coshVYZ
= 1.00014.0049
B = Zcsinh\YZ
= (264.572 — 2.86)(0.0166219.14)
= 4.392 £16.28



1
C =—sinhVYZ
Z;

0.0166 £19.14

264.57 £—2.86
=6.274% 1075222
AD —BC =1
Ve duiin¥) b 2¢a ded ) cany Is Jl¥) Cisb s Vs ¥) b aganaadl
T JutisY) Cayh s
Vi = 500 KV

Pq 945.8 x 106

I, = =
R 3V, cos@, 3 %500%103 %9

A= 1213.46
A= 1213.46 « — 25.84

: Jla YY) b 3
V. = AVy + Bl
= (1.0001 £0.0049 )(500 * 1032£0) + (4.392£16.28) = (12132 — 25.84)
V. = 5052 — 0.0955 KV
s dla¥) diph Ll
I, = CVy + DIy
I,_(6.274 % 1075222)(500 * 10%) + (1.0001£0.0049)(1213.462
— 25.841)
I, = 1234.842 — 24.76A
cos @, = cos(—.0955 + 24.76) = 0.91
« Jail) Belas

ff s 100
e = %
Pr + Ploss



Pyss = 3I2R = 3(1213.46)2 = 0.0287 * 292
=37 MW

945.8 x 10°

_ 1
ff = 54581063 37106 100

= 96.23%

:voltage regulation: ¢l adais
_Vs-Vr
Vr

*100

_ 505-500

*100=1
500

-t (LS el g il = el dgall s 6-3-5
2*xDm
7))

d
Vy = Ve /) log(

2%163.7

_ 4 i S
V; =500/( 5 * log( ac )) = 25.784KV/cm

D e il Glls 7-3-5
: gl Bk dua i die Jua gl e 8 isal 5 580
w, =dx*P
=23.55%x10"3 % 75
= 1.766 N /m?

w, = W2 + w2

=/(1.766)2 + (11.172)2
= 11.31 N/m?

: gLl Jagall gl i dis and i)
w L
8T




T=— =22 = 33666.7 N/m
SF 3

_ (11.31) % (400)?
"~ (8%33666.7)

=6.7m

:MatlabeDatal) slslaal) mald s -0

dadia V-£-0

led aadind doe 8 Cldle (o 435S 330l dae y da] (5 om pdlie wdid gl o

Aaliaall daas) BlSlan 5 dplual) Cilleall o) by ashy ¢ 4y puall Jlgall 5 Cilanaall 5 <l ghuadll
sloal ashy seb dadiiall Cluzmly)ll 5 aglell Jio @Vlae 32 4 Jilad Al € ooy 13
Gy S deliall by lgdliSinl Ul Jalad s 48l de yu 3aiead) dpluall Cillesd)
Castadl g 58 men Al Al ageai s 3lSlan (8 et g ¢ e 390 je 3 aranal
QXS 5 ALYl 5 Alu) addl gl 8 laad g g il 138 8 COlal el addiul ailg
A e
Al 5 4y jiall Al Gilea 2y o 38k Ladll Cllee 331 25 Y matlab gl 8
JAal Al el il 515k (e Ledlea 215 ZETO Sequence &positive sequence s sl
Sall(eng) a8 LS cidla sall ey



] Disply RLC Valuss

RLC line parareters:

3.39542-007 0.0012069 3.3954-007
-1.8044e-007 3.3954e-007  0.0012066

Inductance matrix L matrix (Hfkm):
0.00101 0.00018161 8.2754e-005
0.00018161  0.00101 0.00018161
8.2754e-005 0.00018161  0.00101
Capacitance matrix C matrix (F/km):
1.1434¢-008 -1.9537e-009 -5.8651e-010

-1.9537e-008 1.1738e-008 -1.95372-009
-5.8651e-010 -1.9537e-009 1.1434e-008

Positive- & zero- sequence resistance.
R10=[R1 Ro1 (ohm/km):

10.0012065 0.001207]

Positive- & zero- sequence inductance.
L10=1L1 Lo (Hkm):

10.00086132 0.0013073]

Positive- & zero- sequence capacitance.
C10=[C1 Col (F/km):

[1.3034¢-008 6 5396e-009]

n

Send RLC parameters to block:

Download: RLC Watrices

o Sequences

Selected block

I Send RLC parameters to workspace

l [ Create a report

zero sequence &positive sequence —lual Lellay) oy Al adll Jiay(€-0) Jil)

Sl JS&l) 8 LS zero sequence &positive sequence sy mali ull o i o

Powergui Compute RLC Line

. Line Geometry
Units: | metric -
Frequency tHz 50 Mumber of phase conductors (bundles): 3
. Mumber of ground wires (bundles): ]
Ground resistivity (ohm.m): v}
Comments: Conductor Phase x N tovever ¥ min Conductor
Example of a 735-kV three-phase line. - [bundle) number [rm) [m) [m) (bundle]) type
Bl 1 -13 1475 14.75 1
Three bundles of 4 Bersfort ACSR 1355
MCM conductors ; two 1/2 inch-diameter |= P2 2 0 14 75 14 745 1
steel ground wires.
g P 3 3 13 14.75 14.75 1
“tower and ¥min are the average - - - - -
heights of conductors. B

Conductar and Bundle Characteristics

Mumber of conductar types Conductor internal inductance evaluated from Include conductor skin effect

or bundle types: 4 ‘Geometric Mean Radius (GMR) =
Conductor Conductar Conductar Conductar Conductor DC Conductor Mumber of Eundle Angle of
Chundle) outside diameter T CGhiR resistance relstive conductors dismeter conductor 1
tvpe [cml ratio [cml [Ohmekm) permeability per bundle (=11} (degress)
1 2. 355 0.5 0.954 0.0287 1 26 374 0 =
2 2. 355 0.5 0.954 0.0287 1 26 374 0 -
[ Load typical data ] | Load user data | [ Save ]

[ Compute RLC line parameters ]

zero sequence &positive sequence ru(0-0)Jsill
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<= o) simarkhise  almarkhiat-alkabashy Three-Phese
{} s alkabashy

=
% almarkhiat Load2

Matlab z<U » 3 (500 KV) Jaill 4a shaie Jakada (0-1) JS
328l Jalase 5 active power adll 5 08l oo 5 by oSl e 8l Lingl) (pa diiial) 4l 247 a3
:aallal) () g8l Adani) g Lagia reactive power Aleliall s 508l Clus o3 5 power factor
P =VIcosé
Q=Vlsind
PF =cosé
_Psing
Y
o] 5 Aiall Aal) (ya e (e Alladl) 5 a8l A lin) o Gyl ial il Liad 45 jliall I
e oyl gl Aol 53 dpzal yidY) aill Ao liiall 5 08l s g, 35080 Jalee <l Al 8 Lgie Ji
Adaae JSTAadl) 3 a8l g agall G A8l (il J glas mada g g
:Atbara substation 3 _jac 4dasa V.00
At dleliall 5 a8l Ll (154MW)Aal 5 508l 5 (0.94) 3 _udae ddasa i3 380 Jalas
(YIS Lauaas




pf =cosd

0 =19.948

_pxsing
cosd

When P=154

154 %0.34
Q= 0.94

Q.

Q, =55.7MVAR

41 sala
negative var sy a s gl oY L positive var ol ai
:Alkabashi substation LSl &assY-0.0

ais Aleliiall 3508l Ll (168MW)aladll 3 558 5 (0.96) bl s 85 ol Jalas

pf =cosé

0 =16.26
_pxsing

Q= cosé

When P=168

168 * 0.28
Q= 0.96
Q. =49MVAR

(S Lanaas

-Almarkhiate first transmission line Js¥) <iba yall ad Yoo

5,3l Wi (260MW)aadll 3,080 5 (0.92) JsY) hall cila jall ddase 5080 Jalas

pf =cosd

6 =23.07

_ p*sing
A cosé

: YIS L yyans i Ale liial)



When P=260

260#0.39
Q= 0.92

Q, =110.217MVAR
:Almarkhiate second transmission line (SGl <ba jall i £-0_0
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