Tom Penick

EE368 Electrical Power Transmission and Distribution
Homework 2

2/12/99

Problem:
Consider acoaxial conductor with an outer to inner radiusratio of 2.7 and arelative
permittivity of 2.5. R=0, G =0 (lossessline). Vg =100kVgrusP0°, S=10 MVA
@ pf = 0.90 lagging, f = 60 Hz.

Plot the voltage magnitude and current magnitude over a distance of 5000 km.

Matlab Program:

%************* GVEN VALUES khkkhkkhkhkhhkhkhhhhhhkhhhhhhhhkhhhhdhhdhrxk*x*x

format short % 5-digit results

Pwr Qut = 10000000; % CQut put Power

pf = .9; % Power Factor (I agging)

Qut put Vol t age = 100000; % (phase angl e 0)

Frequency = 60; % Frequency 60 [ Hz]

Hei ght AboveG ound = 10; % Hei ght of transmission line [m

Radi usRatio = 2.7, % Quter radius/Inner radius

Lengt h = 5000000; % length of line [mM (5000 kil oreters)
Epsilon = 8. 85e-12; % Permittivity of free space constant [F/ nm
Rel ativePermttivity = 2.5 %Relative permttivity

Mu = 4*pi *10"-7; % constant [T-nlA]

Onega = Frequency*2*pi % Frequency converted to radi ans

R = 0; % Resi stance per neter [Chns/nj

G=0; % Conduct ance [V/ n]

%************** CALQJLATIO\IS hkhkhkkhkhkhhhkhhhkhhhkhhhhhhhhhhhk dhrrhrx*k

% ut put Power — Use to obtain Qutput Current
Radi anPwr Qut = -acos(pf) %hase angl e
Degr eesPower Qut put = rad2deg(Radi anPw Cut)

Real =Pwr Qut * cos( Radi anPwr Cut ) ;

Cpl x=Pwr Qut *si n( Radi anPwr Qut ) ;

% Convert two real variables to a conplex nunber
Vect or Pwr Qut = j *Cpl x+Real ;

Qut put Current = Vect or Pwr Qut/ Qut put Vol t age

% Capaci tance per neter of |ength
C = (Epsilon*Rel ativePermttivity*2*pi)/| og(Radi usRati o)

% I nduct ance per neter of l|ength
L = (M (2*pi))*l og(Radi usRat i o)



% Sur ge i npedance
Zo = ((j*Qrega*L)/ (j *Orega*C))"(1/2)

% Attenuation constant, Al pha
Al pha = (R2)*(CL)1/2) + (F2)*(L/ICN1/2)

% Phase constant, Beta
Beta = Orega * (L*C)"(1/2)

% Propagati on constant, Gama
Gama = Al pha + j*Beta

% Wavel engt h, Lanbda [ nj
Lanbda = 2*pi/ (Orega*(L*C)"(1/2))

%************ CREATE PLO‘I’S Fm V(lTAE I\/AG\" TUE' khkkhkkhkkhkkhkkhkhkkhkhkk*k
% CURRENT MAGNI TUDE, AND PHASE

% CP2MP() returns the magnitude of a conpl ex nunber

% phase() returns the phase of a conpl ex nunber in radians
% Li neVol t age( x, Garma, Zo, Vout , | out)

% Returns the voltage as a function of distance, x, along
% a transmssion line with characteristics Gama (ganmg)
% and Zo, having an output of Vout and Iout.

% Li neCurrent ( x, Gama, Zo, Vout , | out)

% Returns the curent as a function of distance, x, along
% a transmssion line with characteristics Gama (ganmg)
% and Zo, having an output of Vout and Iout.

newpl ot
= -5000000 : 1000 : 0O; axis([-5000 0 -180 100])
V = Li neVol t age( x, Gana, Zo, Qut put Vol t age, Qut put Current);

pl ot ( x/ 1000, CP2MP( V) / 1000, "k-"); grid on % Pl ot vol tage

x|l abel (' Distance in Kiloneters') % | abel the x-axis

yl abel (" Kilovolts') % | abel the y-axis

figure; newpl ot; %opens new wi ndow for second pl ot

x = -5000000 : 1000 : O; axis([-5000 0 -180 250])
| = LineCurrent(x, Gama, Zo, Qut put Vol t age, Qut put Current);

pl ot (x/ 1000, CP2MP(1),"k-"); grid on % Pl ot current

x|l abel (' Di stance in Kiloneters') % | abel the x-axis

yl abel (" Current in Anps') % | abel the y-axis

figure; newpl ot; % Wile we're at it, plot phase

hold on; x = -5000000 : 80 : 0; axis([-5000 0 0 650])

V = Li neVol t age( x, Ganma, Zo, Qut put Vol t age, Qut put Current);

| = LineCurrent(x, Gama, Zo, Qut put Vol t age, Qut put Current);

pl ot (x/ 1000, 720+phase(1)*180/ pi, " k-', x/ 1000, 720+phase(V) *180/ pi , " k:"');
X -5000000 : 200000 : O;

V = Li neVol t age( x, Gana, Zo, Qut put Vol t age, Qut put Current);

I Li neCurrent (x, Gama, Zo, CQut put Vol t age, Qut put Current) ;

pl ot (x/ 1000, 720+phase(1)*180/ pi , "' k+', x/ 1000, 720+phase(V) *180/ pi , ' ko' ) ;
hold off; grid on

x|l abel (' Di stance in Kiloneters +- +- Current 0-0-Volts') % x-axis
yl abel (' Phase i n Degrees') % | abel the y-axis



Gp ***xxxxxx%  CREATE MATRI X OF VALUES FOR DATA SHEET **#x#xskxsxsxsx

x = 0; % Counter (neters)

Kilometers = []; VoltageMagnitude = []; Vol tagePhaseAngle = [];
Current Magnitude = []; CurrentPhaseAngle = [];

while x > -Length-1

Vconpl ex = Li neVol t age(x, Gama, Zo, CQut put Vol t age, Qut put Current) ;

| conpl ex = Li neCurrent(x, Gama, Zo, CQut put Vol t age, Qut put Current);
Kilometers = [Kil oneters; x/1000];

Vol t ageMagni t ude = [ Vol t ageMagni t ude; CP2MP( Vconpl ex) / 1000] ; % [ KV]
Vol t agePhaseAngl e = [ Vol t agePhaseAngl e; phase( Vconpl ex) *180/ pi ];

Current Magni t ude = [ Current Magni t ude; CP2MP( | conpl ex) ] ; % [ Al
Cur rent PhaseAngl e = [ Current PhaseAngl e; phase( | conpl ex) *180/ pi ] ;

X = x — 100000; % Decrenment the counter

end

format bank % Results to 2 decimal places

Qutput = [Kiloneters Vol t ageMagni t ude Vol t agePhaseAngl e Current Magni t ude
Cur r ent PhaseAngl e]



Formulas Used:

C= 2pe,e,

L:ﬂ|nr_0
2p .

_ |R+ jwL
Z,= | ———
G+ jwC
_R\/E G\/T
a=—,|—+—.|=
2\L 2\VC

b=w/LC

g=4/(R+ jwL)(G + jwC)
Vg =Vgcoshad + zl ;snh od

g :%sinhgj +1 ; coshod

€ = Permittivity of free space 8.85x10° [F/m]
€ = Relative permittivity

h = height of transmission line [m]

I'o = outer radius of the conductor [m]

I'i = inner radius of the conductor [m]

My = (mu) constant 4px10°" [T-m/A]

a = attenuation constant

b = phase constant [rad./m]

g = (gamma) propagation constant

Zp = surge impedance (has nothing to do with
resistance) [W]

R = resistance [W/m]

L = inductance [H/m]

G = conductance [v/m]

C = capacitance [F/m]

d = length of the line[m]

V s = voltage (complex) at the sending end [V]
VR = voltage (complex) at the receiving end [V]

Program Output:

Omega= 376.9911
RadianPwrOut = -0.4510
DegreesPowerOutput = -25.8419
OutputCurrent = 90.0000 -43.5890i
C = 1.3996e-010

L = 1.9865e-007

Zo= 37.6741

Alpha= 0

Beta= 1.9878e-006

Gama= 0 +1.9878e-006i
Lambda= 3.1608e+006
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Phase in Degrees
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Voltage and Current Data:

KILOMETERS VOLTAGE (KW) V.PHASE (°)  CURRENT (AMPS)  CURRENT (°)
0 100. 00 0 100. 00 -25. 84
-100. 00 98. 36 0. 39 489. 46 79. 62
- 200. 00 92. 85 0.81 990. 98 85. 20
- 300. 00 83. 68 1.30 1456. 58 87.07
- 400. 00 71.23 1.95 1865. 62 88. 06
-500. 00 55. 99 2.91 2201.55 88. 72
-600. 00 38. 57 4. 69 2450. 99 89. 22
- 700. 00 19. 74 9.73 2604. 06 89. 65
- 800. 00 3.40 95.13 2654. 69 90. 04
-900. 00 20. 32 170. 62 2600. 89 90. 43
-1000. 00 39.13 175. 46 2444. 79 90. 85
-1100. 00 56. 49 177. 19 2192.55 91. 36
-1200. 00 71. 66 178. 14 1854. 19 92.02
- 1300. 00 84.01 178. 78 1443. 16 93.03
- 1400. 00 93. 07 179. 27 976. 14 94. 95
- 1500. 00 98. 47 179. 69 473. 95 100. 81
-1600. 00 99. 99 -179. 92 107. 96 - 146. 41
-1700. 00 97.58 -179.53 589. 19 -98. 54
- 1800. 00 91.33 -179. 10 1085. 72 -94. 31
-1900. 00 81. 49 -178.59 1541. 69 -92. 69
- 2000. 00 68. 45 -177.90 1937.63 -91. 79
- 2100. 00 52.73 -176. 83 2257.57 -91. 17
- 2200. 00 34.97 -174.75 2488. 80 -90. 69
- 2300. 00 15. 98 -167. 87 2622. 16 -90. 28
- 2400. 00 5. 39 -38. 89 2652. 37 - 89. 89
- 2500. 00 24.07 -7.83 2578. 24 -89. 49
- 2600. 00 42. 67 -4.09 2402. 70 -89. 05
- 2700. 00 59. 65 -2.58 2132.70 -88. 53
- 2800. 00 74.31 -1.72 1778. 94 -87. 82
- 2900. 00 86. 06 -1.12 1355. 55 - 86. 69
- 3000. 00 94. 42 -0. 65 879. 79 -84. 43
- 3100. 00 99. 07 -0.24 374.31 -76.19
- 3200. 00 99. 83 0.15 186. 04 61.16
- 3300. 00 96. 65 0.55 688. 48 82.78
- 3400. 00 89. 68 0.99 1178. 87 86. 11
- 3500. 00 79. 17 1.53 1624. 49 87.52
- 3600. 00 65. 56 2.27 2006. 70 88. 35
- 3700. 00 49. 39 3.46 2310. 17 88.93
- 3800. 00 31.31 5.94 2522.84 89. 40
-3900. 00 12. 24 16. 00 2636. 29 89. 80
- 4000. 00 8.76 157. 34 2646. 04 90. 19
-4100. 00 27.80 173. 30 2551. 69 90. 59
- 4200. 00 46. 14 176. 29 2356. 99 91. 04
- 4300. 00 62.73 177. 62 2069. 63 91.59
- 4400. 00 76. 86 178. 41 1701. 02 92. 36
- 4500. 00 87.98 178. 98 1265. 91 93. 62
- 4600. 00 95. 63 179. 44 782. 24 96. 35
- 4700. 00 99. 53 179. 84 275. 87 108. 97
- 4800. 00 99. 51 -179. 77 280. 58 -108. 58
- 4900. 00 95. 58 -179. 37 786. 99 -96. 24

- 5000. 00 87.89 -178.91 1270. 29 -93. 54




