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ECL 4340

POWER SYSTEMS

LECTURE 9
TRANSMISSION LINE MODELS
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® Read Chapter 5.

© Homework #5 is due Friday, October 7.
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To keep system balanced, over the length of a
transmission line the conductors are rotated so each
phase occupies each position on tower for an equal
distance. This is known as transposition.

Positien

Aerial or side view of conductor positions over the length
of the transmission line.
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Define the geometric mean distance (GMD)
1
Dy = (dipdizdy )A
Then for a balanced 3¢ system ([, =-1,-1,.)

i = ﬂo{lalnl'—lalnl}:ﬂolalnD’”

'
T r | 27 r

L= “mPr_ 5510702 Hm
T r r

To increase the capacity of high voltage transmission
lines, it is very common to use a number of
conductors per phase. This is known as conductor
bundling. Typical values are two conductors for

345 kV lines, three for 500 kV and four for 765 kV.

G

o O

oo

3 %
9 o TG
LN eo
oo & 0o B
o ¢

Photo Source: BPA and American Electric Power




The per phase inductance is

L,= Hopy D
2r R,
where

R, = geometric mean radius (GMR) of bundle

1
(r'dlz...dlb)A in general
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Consider the previous example of the three phases
symmetrically spaced 5 meters apart using wire

with a radius of r = 1.24 cm. Except now assume
each phase has 4 conductors in a square bundle,
spaced 0.25 meters apart. What is the new inductance

o
permeter’ 1545102 m +'=9.67x107 m
0.25 1
Y R, =(9.67x107 x025x025x+2 xO.ZS)A
+ O O+
0.25M 0.25M =0.12 m (ten times bigger!)

L= > _746x107 Him
27 0.12 s

I oo

Calculate the per phase inductance and reactance of a
balanced 3¢, 60 Hz, line with horizontal phase spacing of
10m using three conductor bundling with a spacing
between conductors in the bundle of 0.3m. Assume the
line is uniformly transposed and the conductors have a 1cm

radius.
I Jem = |« fom >

Answer: D, = 12.6 m, R;=0.0889 m
Inductance = 9.9 x 107 H/m, Reactance = 0.6 Q/Mile

©
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High voltage transmission lines and cables can have
significant capacitance
For the case of uniformly transposed lines we

use the same D, and a similar GMR as with inducance,

c - éﬂé‘
In=m/ .
Ry

where D, = [dabdacdbc]%

1
Rf, = (rd12"'d1n )4 (note r NOT ')

ginair = ¢, = 8.854x10™'? F/m 10

Calculate the per phase capacitance and susceptance of
a balanced 3¢, 60 Hz, transmission line with
horizontal phase spacing of 10m using three conductor
bundling with a spacing between conductors in the
bundle of 0.3m. Assume the line is uniformly
transposed and the conductors have a 1cm radius.

I« Jom = |« fom >

» o -]
ozm ©
“

T o0 o o o o o

1"

RS = (0.01><0.3><0.3)% = 0.0963 m
D, = (leleZO)% = 126m
—12
¢ = 8B T 10 B/
12.6
In———"
0.0963
X, = e : -1
oC 2760x1.141x10" 'F/m
= 2.33%10® Q-m (NOT Q/m)
12
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Multi-circuit lines: Multiple lines often share a common
transmission right-of-way. This DOES cause mutual
inductance and capacitance, but is often ignored in
system analysis.

Cables: There are about 3000 miles of underground ac
cables in U.S. Cables are primarily used in urban areas.
In a cable the conductors are tightly spaced, (< 1ft) with
oil impregnated paper commonly used to provide
insulation

© inductance is lower

© capacitance is higher, greatly limiting cable length 5

[EnY
w

Ground wires: Transmission lines are usually
protected from lightning strikes with a ground
wire. This topmost wire (or wires) helps to
attenuate the transient voltages/currents that arise
during a lighting strike. The ground wire is
typically grounded at each pole.

Corona discharge: Due to high electric fields
around lines, the air molecules become ionized.
This causes a crackling sound and may cause the
line to glow!

Shunt conductance: Usually ignored. A small current
may flow through contaminants on insulators.

DC Transmission: Because of the large fixed cost
necessary to convert ac to dc and then back to ac, dc
transmission is only practical for several specialized
applications
© long distance overhead power transfer (> 400 miles)

© long cable power transfer such as underwater

© providing an asynchronous means of joining different power
systems (such as ERCOT to Eastern or Western grids)

15
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Previous lectures have covered how to calculate
the distributed inductance, capacitance and
resistance of transmission lines.

In this section we will use these distributed
parameters to develop the transmission line
models used in power system analysis.
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Define the propagétion constant y as

7=z = a+jp
where

a = the attenuation constant

S = the phase constant
Use the Laplace Transform to solve.

2
ZTZ W) =1 )

System has a characteristic equation

"=y =(s=p)s+y) = 0

N
(9]

System has a characteristic equation
(" =) =(=7s+7) = 0

—=s=+y or e inthe spatial domain

Selution so in tha form of
 WJBrx -J57 %
Vixi=Ae + B e

3 -J/z7
Nofe %:Jﬁ(/f eﬁx—ﬁe X) (2)

_:/{ix‘isg?(Af/ﬁx-fKC )

=37 VO A fd.jr;ﬁi;y #e wave
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Solution i2 In tFa Form of

Vix)=Ae

= T .1(1)=?f%

33 x “V¥F X

+ B e e (Aeﬁ;« ~ 37 x
EA
7

Defire line parameters:
r=a39 '}, prpapation conttat
=+ s, o = aifenwalion costant
/{ = //Im consland

. =E [ . cAuvacteritfic 7 @

TAen, 74 r\)a/#j’,e and cuntend ot X are:
—yx
vio= s + Be .

X 59X
1(,):—2’,2(Ae -5e’’")
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Aen, 74 4}»}#’;( and canent ot X are:
—yx
voo=ae X + Be -

L (a4 -5E")
Z
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conddifions  at x=o0:
Ve = V0()=A +8

L4~
Ze =L (A-B)

3./:/,"3 Sfv A& B,

A= ’/K + EZIp B= Yk —2cTr
=

2
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C = A () (S

Computadion o Hyperbolic Fanctions:

7

Recall #t
r=J%9 = d+js Wi, myp@v
TAw j j
Aus, A _ (I At )y
7"{"‘/ W - -
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Assume we have a 765 kV transmission line with

a receiving end voltage of 765 kV(line to line),
a receiving end power S, = 2000+ 71000 MVA and

_ . _ o Q)
z = 0.0201+j0535= 0.535/87.8° /.
. -6 _ —6 o O
y = j175x10° = 775x107°290.0° O/
Then

7 = \Jzy = 2.036 £88.9° / mile

Z. = |15 =207 /1.1°0
y

40

Do per-phase analysis, using single-phase power

and line-to-neutral Voltages‘

Then at the receiving end,

Ve = 76%/3 = 441.7/0° kV

I = [(2000 + 71000) x 1(3)6
3x441.7£0°%x10

V(x) = Vycosh(yx)+IzZ_ sinh(yx)

441,700.£0° cosh(x x 2.036.288.9°) +

443,440£ —27.7° x sinh(x x 2.036 £88.9°)

} =16882—-26.6° Al

41
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o B
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615 : ; =
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