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ELECTROMAGNETIC UNBALANCE
IN
UNTRANSPOSED OVERHEAD TRANSMISSION LINES

BY

Sayed ahmed Hassan® and Mohamed Abd-El-Moneim Tantawy*

ABSTRACT:

This paper presents a complete analysis for the unbalance
problem in O.H.l.L. which arises due to T.L untransposition.

Derivations for the electromgnetic unbalance factors by
the application of symmetircal component analysis are intro-
duced.

The main factors affecting electro_magnetic unblance fac-
tors are discussed with special regard to doubls ci cuit T.L.

Numerica)l application is made to clearify the degree of
effectiveness for each factor.

1« INTRODUCIION:

For untransposed transmiesion lines, the electromagnetic
effects may be so large that affecting the balance of T.L.
phase impedances which when become so-out-of balance, create
unbalanced voltages, unbalanced currents at the raeceiving-end
leading to additional heating im terminal equipments. For
synchronous macrines, and induction motors, the negative secqu=-
ence stator currents cause a field of double frequency and
opposite direction to be set up we.r.t. the rotor. This field
causes circulating rotor currents which produces additional
rotor heating. [he degree of this heating is' greatest for
synchronous machines and least for induction motors. So, The
study of the eleccromagnetic unbalance in untransposed lines
and factors affecting it, is so important.

2e ANRLYS1S:

In untransposed multi-circuit lines with common buses,
the induced voltiages cause unblanced current that are not be
in phase with each others. The in-phase portions lead to the
overall net turough current unbalance causing additional heat-
ing in terminal equipméents. The out-of-phase portions lead to
circulating currents flowing down one circuit and returning
through the others causing additiona)l transmission losses and
may cause false tripping in a line circuit-breakers.
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2ele Definitions:

For untransposed overhead transmission lines, we have two
elactromagnetic unbalance factorsi=-

a) Negative sequence unbalance factor (ma):-

It is the ratio between negative, and positive = seque=~
nce components of the unbalance current

- -
m :-—I'a‘—=_‘2"a‘l“-=_-a'l-‘ o--o..--ooo(l)
2 i 2 Z
1 22 11

) Zero sequence unbalance factor (mo):-

It is the ratio between zero-, and positive = sequence
components of the unbalance current.

1 -2
o ol
m = lt(»ocucoo.l(a)
o 1, 2,0

wheresi-

IO; 12, Il are the symmetrical components of current I,

2.+ Transemission line impedance matrix:-

The inductive characteristics of a4 multi-conductor T.L.

can be defined by its serice impedance matrix Z per unit
lelﬂistho

The vojltage~current relation in matrix form for the series
impedance of T.L. is: '

A 2, Sip wereese 200 I
Ya za.l By weevess Ly L |
L_‘;“ L_z'.‘l By, eeeeese 30 I
Or.rav:\ _ [z] . [I] eevesossssll)
! |

whera,
[ﬁ ] is the series voltage drop along the line.

[1:] is the line current,
[Zt] is the T.l. impedance including the earth effect.
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2]
g

X

(] « [ar] » JSL[x] . [u” ceeee(5)

diagonal metrix of conductor resistance.

]

\_IL__I
"

square matrix of conductor reactance.

[gr] ' [Ax. square matrices calculated from Carson's earth
correction formulae.

The elements of the impedance matirix [Z] for conductors
arrargement shown in Fig. (1).

Zii = I‘ii'b Arii“' J(xii"‘ Axii) 00-00-030(6)

zik Arik# j(xik-b Axik) .oocco-t.(?)

Ty = resistance of conductor at system frequency.

= =3 —_—t
Xy = O.?7411 « 10 s W o 103lo GHRi
= -3
Xig = 0.7411 . 10 . W 10310 1

ik
042628 o 1073 + W o 4 24599 « 10" owoh, .

s §
[
[

L]

L\ 272

0.7411. 1072 *¥¢ 1084 2162V $/f + 2.595 o 1077
v. b, \ £/% ceennesss(8)

Ll
fos
[

i

0.2528 . 1072 . w 4+ 2.599 . 1077,
D

ik "
2 COB gik‘ [ ] f/-P ". --.o-o----(g)

Xip = 0.7411 . 1070 . w . 108, 2162\I P/E ¢ 2.599 . 1077,

L2 ]
s
|3

[}}

D

2ik cos gik\’ f/P ' We oo-----co-(lo)

Equation ( 4 ) may be written asg-

l1l=[v] . [av] ceseveesae(ll)

where

[Y ] is the series admittance matrix

=[z.]"1
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2.3= Elimination of earthwiresi-

For single-circuit O.H.TeL. with three conductors
the voltage esquations are:-

and ground wire

Va = Ia Zaa +

Vb = Ia Zba +
v =1 12 +
[ a ca

0 = Ia Zwa +

from the last o

-.o I - - _EL—- :
v ww i = a,b,

Substituting fo
anging, we have

ZU (new) =

For T.L. with multi-earthwires, eqﬁ (14) can

W,

Ib Zab

Ib be + Ic Z
Ib Zcb + Ic Z

Ib Zwb + Ic Z

* 1o 24

wC

quation,

c

rl

Zij TR zjw/zuw

+ Iw Z

be M

+
cc

+

1
w

I

w

w

1

aw

wa

Z

Cw

LA J

many times as the number of earthwires,

2 J4= Symmetrical component analysis:-

Z

in the 15t three qui of

1?7

o.-c-..--l(la)

0.....---.(13)
(12) and rearr=-

--0-0030-0(14)

be applied for

Equation (12) can be written in matrix form after elim-

inating the ear

thwire ass=-

zab za.c
bbb Fpe | -
zcb ch

Ava zaa

Avb = Zba

AV(: ca
I =

or | ]
Apply¥ing

e, ]
e 1]

[
b [Ys]=

1g] - [avy]

symmetrica)l component analysis.

s]'[AVJ

el ] - [l

ooooo.oooo(ls)

....-.....(15)

S50:=-

] = () - [a] - [av%]
5 [e ]« [vg) o ley] . [av]

-o-ooono(l?)

.-.-...-..(18)

eeveseease(l9)
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wlhareg -

[Yg] is the phase series admittance matrix

[Ys] s the Eeguence admittance matrix,

.--.o-.---(ZU)

2 eaesef2l)

I -7

loooo.uno(aj)

(N

Yoo Yor Yo
= Y
10 LSS Y12
Y20 Y21 Y22
. 1l
‘C is the spinor transform = 1
1
1 1 1
<’1 = 1 a8 a
1 a al
- -1 e
[Llj T3 [c_]
e
a =-keJ 2 ; a®=-p.-y
2
the suftix (S) indicate the symmetrical component values.
a3
ay I
o o
Avs = Avl & = Il
Ava 12

and suffix (#) indicates the phase values.

Substituting for (C) ,
solving for (Ys) in expanded fornm,
For a multicircuit 11no(with"parallel circuits) as

5] 1a

hﬂ}uu

(Yg), and (C)) in aq® (19) then

(24)
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For a double=circuit line,

. wil}l be:i- ;
[C] i[o] [ﬁﬂ] 11 Bg] 12 [CJ [0]
o) 1Tl | fg) 5yl ) pp | 101 | Ley]

19

the sequence admittance matrix

esessesel25)

So, eqE (18) in expanded form (considering balanced voltage
drops) will be:-

Io

Yoo < Yor . Yop | Yoo Yo Yo
,h;®%¥10,,,yll 112 100 N1 Y2
YaquﬁYgl Y22 Y200 Yo S

R o'o* Y.d 1 1 0:2 1 0'0’ Y 0’11 1 0’2’
RTINS SRR P Wo Y Y
Y50 Y Y3 Lo Yi %%

g =Ygy +

B SR R

I2 = (Y21 +

Io" = (Yo’l +

I/ = (1{{1 +

Ly Ry e

&

(Ip + Ig) = (g,
(1, + 1)) = (Yll
(1, + Ié) = (Y21

N.B. dash refersd
Therefﬁgrpgl

Y

to the second circuit
4 e O .
Yor? « oY)
1) oY
217 &Y
Yol’) .« AV .

1
Yrr/) o AV

11 1

1) . av)

Y

vessel(26)

lfucdoocooca?)

The net-through symmetrical component currents aret-

’ ’ a4
+ YOl + Y5, ¢+ Y51) - Avl
; P Yy VR
MR ST IR SRR Y ')
’ Py

il (28)



2,20 S.A.Hassan & M, Tantawy

5>, The circulating symmetrical component current aret-

(Ig - 1) = (g + Yoy = ¥§, =Ygy ) - AV,
(Il + Il’ ) = (Yll + Yll + Yl’l + Yllll ) . Avl 0000000030(29)
(I, =170 = gy # Y0 = Y5 = Y500 . AV

3- Numerical applicationg=-

For the double circuit O.H.T.L. with admittance matrix
given in Table (1), it is required to havei-

1) The individual circuit unbalance, The net through unbalance,
The circulating current unbalance.

2) The effect of terminal impedances on the unbalance.

3) The effect of series capacitor compensation on the unba-
lance.

+) The effect of T.L. phase arrangements on the unbalance.

Results: =

3.1= Unbalance factors

Applying equations (26, 27, 28, 29) and by the use of
computer programming the individual circuit unbalance, the
naet through unbalance, and the circulating currsnt unbalance
are computed and tabulated in Table (2).

3.20= Effect of terminal impedances:-

Consider a terminal impedance of,

ZOOT = 211,1. = J 0,5 ohm:

In series with the double circuit O.,H.T.L., Tecomputing
the zero-, and negative-sequence unbalance factors, it is found
tnat the net through unbalance factors variation isi
sercent m, is reduced from 1.3019 to 0.9531.
sercent m, i5 reduced from 4.6676 to 1.7926.

Whilest the terminal jimpedances has no effect on the
sirculeting current unbalance factors.
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£ A renit T Circuit II

i . ' - " rd - -

i 0 1 “ 0 1 L2

5 ¢ | G.0072| 0.070C | -0.0674| 0.0481| 0.019L | -0.0344

i 1-0.7372| 0.0341| 0.0293| 0.3791| 0.1001 | 0.0949

b | 0:0706| ©0.1059 | 0.0844] -0.0720| -0.0491 | -0.0361

' |o.0341| 0.0863 | -1.5552| «0.0732| -030375 | -0.0498

R

i |0.0f74| ©0.0844 | -0.1173| 0.0842| 0.0413 | 0.0529

- | o0.0205| -1.5552 | 0.1091| ~0.0625| ~0.0433 | =0.0308

é’ 0.0481| -0.0720 | 0.0842{ 0.0975| 0.0233 | -0.0209

. |o.3791| ~0.0732 | -0.0625| -0.7372| -0.0693 | -0.u742

s | 0.0191|-0.0491| 0.0413| 0.0233| 0.1160 | 0.0B4s ..

' , ce Co

{ |0.1001| -0.0375| =0,0433| -0,0690| 0,0731 |-1.5552 .

O A . . ! -

¥ (0.1891| -0.0361| 0.0529| -0.0209| 0.0844 |-0.1237 .

] . ' % 4
0,0259 | ~0.0498 | -0.0308| -0.0742| =1.5552 | 0.0%55

| 1

: 0 iyl !

|

é o TIPS

j Symmetrical commonent madmittance matrix (mhr-miles)

i . Lo

E for untransposed double c¢ircait T.L, -

) :

] Table 1 |

21

PO



E.22+, S.A.Hassan & M. Tantawy

Cicult I Circuit 11
Teq 0.0706 + J0.0341| Y5 -0.0725 + J0.0732
Vg 0.0191 + JO.1001 | Y& 0.0233 + JO.0690
To/ hEq 0.0897 + JO.1342 | Ig/ DE; -0.0487 - JO,1422
v, 0.1059 + JO.0B63 | Y5, -0.0491 - J0.0375
¥, ~0,0491 ~ J0.0375 | Yz 0.1160 + J0.0731
I,/ LE, 0.0568 + J0.0488 | IS/ AE 0.0669 + J0.0356
g - 4 ‘ -— -
Yiq 0.0844 « J1.5552 | Y{; 0.0361 = JO.0498
Yy 0.0413 - J0.0433 | Y,7 0.0844 = J1.5552
I,/ 8E) | 0.1257 - J1.5965 | I/ AE, 0.0483 - J1.6050
rercent m_ 10.0658_‘ percent m~ 9.3609
rrecent m, 4.6703 percent m 4.7195

10+Ig)/AE1
’ fa
12+12)/ A;_.rl
Il+Il)AE1
arnant mO

[ rcent m

2

;O—Ig)/AEl
:E-Ié)/ﬂE1
|7y +1{) /AB,

“wpreent m
Y BETC °

' rrcen t Mo

e

Net through unbalance
0.0410 -~ JO.008

0.1237 + J0O.0844

0.,1740 - J3.2035
1.3019 + 76.66

4.6676

121.6

Curculating current unbalances
0.1384 + J 00,2764
-0,0101 + J 00,0132

0.,1740 - J 3.,2035
9.6346
0.5180

150.3
-145.67

Table

2
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Table

(4) Nei t

hroush, ana

3irculating

ourrent un-

alance factors for different phase arrangements of double

Arcuit untran

sposed T.L.

““““““““““ "1“"""""""""“""’"“"“‘" 1 ————te—e—= o —— -
ey || BROUGH GUGNS | oTOWIIC Ui
LTy A ! ! l'
LRANGEMENT M M, M ; @2
............... 4___-_ﬂ__,_n-__#_“____m____________4-__-____-___-
\
3", - abo 0.02/”] 0.,0936 0.1928 i 0.0106
- [ N - - e amy = e a e r empere s ——— e f ______________
abc - bea 0.0583 0.1747 0.1862 0.1457
abs -~ agb 0.0188 0.0249 0.0958 00249
---------------- st e et 00 i D e ot A bl S i W AR e U O S Pt o R ] o T et 3 ot S o - P o ] o B A - o S e S Sy
abs - bac 0,010 0.0516 0.0239 1 0.0516
B Y I T LIt o s el oy e - W --‘l- ———————————— lass il vl eant i W @B aun Aty gt o o 3 o Wl S wing S pumn S Py shvs A ekl e ey |
ahe - cba 0.0327 0.0626 0.0038 ! 0,0616
ach ~ abc 0.0372 0.0739 70,1909 0,1483
e —————e el aa O R -—
900 ~ Vea 0.058¢ 0.2550 0.0077 0.J302
Y U S ) I e+ o e o  + S 4§ £ 4 5 i i g et
! \
a3 -~ cab 0.0211 0.0738 0.1867 0.1734
................ b o v e e e e i s e i e o e o e S Y S
] RS
a:h - ach 0.0126 L 0.0315 0.0963 0.0315
3ch - bac 10,0209 L 0.0626 .0064 0.0626
................... e o rte o e e et o e e e e e o 8 o 5 4 o o i Fo o+ P i ) e S o ol P e e
.T- ‘
ach - cba 0.0303 0.5112 | 0.0929 G.0659




Mansoura Bulletin December 1978. 25

3e3= Effect of series capacitor compensationt=

For 0.75 compensation, the compensation can be considered
as an impedance in series with easch circuit equal toi=-

Zooe = Zy1c = =9 (0.75) (211)-2 = 00,4674 | - 90

The through current unbalance of the compensated line is:-

percent m = le A = 14326
00*“o00c
-zal.loo 06-0000(30)
percent m, = g = 9.2424
11" 1l1le¢ .

S0, the effect of series compensation is as:~-

percent m_ is increased from 1.3019 to 1.9172

percent m; is increased from 4.6676 to 9.2541

3ot Effect of T.L,. phase arrangementsi-

For a double circuit O;H.T.L., the electromagnetic un~-

balance factors are calculated for all possible different
phase arragements.

Table (3) indicates the computer results of through-,
and circulating-currents for different T.L. arrangements.

Table (4) indicates the electromagnetic unbalance factors
within and at the terminals of the double circuit line.

4, CONCLUSIONS:

The circulating currents in double circuit untransposed
O.HeTeLe increase the 1ine current in one circuit and decrease
it in the other. The in~-phase portion causes the net through
unbalance at the terminals which Jeads to additional heating
in termina) equipments. The out-of-phase portion creates-
additional transmission losses.

Series capacitor compensation greatly magnifies the net
through unbalance.

‘Whilest the terminal impedances reduce the net through

unbalance, it has no effect in the circulating current unba-
lance. ‘

The optimum phase arrangement for minimizing through

current unbalance will lead to maximum circulating current
unbalance,
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So, from the ecomomical point of view, optimum phase
arrangement should be carried out to minimize circulating
current unbalance, Since the net through will decrease by
terminal equipment impedances.
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