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Abstract:

The paper presents a method to measure the parameters of four circuits AC lines on the same
tower. At first, the positive sequence open circuit impedance and short circuit impedance are
both measured for any one of four lines. Secondly, four cases of 2-phase systems are
assembled by four lines on the same tower, and then the open circuit impedance and short
circuit impedance of 2-phase systems are measured for each case. Based on open circuit
impedance and short circuit impedance measurements above, the distributed impedance and
admittance for each case are accordingly estimated. Finally, the mutual inductance and

coupling capacitance, as well as self-parameters of each line can be calculated.
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0 Introduction

Four circuit AC transmission lines on same
tower have an advantage to narrow corridors,
and now are popular on the world. To ensure
the normal operation of the lines, the calcula-
tion of protective settings, secondary arc current
and over voltage is necessary, but the calcula-
tion needs accurate parameters. The parameters
in four lines on same tower are quite complex.
Despite of resistance, inductance and capaci-
tance to ground in each phase of a 3-phase line,
there are also mutual inductance and coupling
capacitance between any two phases of a
3-phase line. Besides, there is also mutual in-
ductance and coupling capacitance between any
two of four lines, they are emerged during the

zero sequence current through the lines.

There have been some references discussed the
parameter measurement of multi-lines on same
tower. Reference [1] developed the theory and
method based on Laplace transform to measure
the parameters in four AC lines on same tower,
but the theory and the measurement procedure
IS too sophisticated. Reference [2] gave only a
model for simulation. Reference [3] and [4] in-
troduced the online measurement of zero se-
guence parameters among multi-lines. The key
procedure was artificially to make an open
phase operation for a short interval at one of the
line. Meanwhile, the 3-phase voltage and cur-
rent waveforms on each terminal of multi-lines
were recorded, and then the zero sequence pa-

rameters were analyzed. In order to maintain

the safety of the system, the power dispatching

center would not agree to do so.

Reference [5] was the primary discussion on the
zero sequence parameter measurement of four
AC lines by the author. It looked a 3-phase line
as a bundled conductor, and then configured
four lines as a type of zero sequence circuit, as
well as three types of 2-phase circuits. By open
circuit impedance and short circuit impedance
measurements on above four types of circuits,
all the mutual inductance and coupling capaci-
tance between any two of four lines could be
calculated, but the parameter measurement by
this way could not distinguish mutual induct-
ance and coupling capacitance between phases

inside a 3-phase line.

As known to all, the power system fault analy-
sis was mainly based on decoupled sequence
components of 3-phase system. The typical and
frequently occurred fault on four-circuits of
lines was mainly on a single phase, and any
fault on a single phase would induce a zero se-
quence voltage and current on its own 3-phase
line, but also the zero sequence voltages and
currents on other perfect 3-phase lines. The zero
sequence current through a line might trig a
protective relay and trip the corresponding cir-

cuit.

Based on the distributed model for single con-
ductor ground return, the paper developed an
algorithm and method to measure the parame-

ters of four circuit AC lines on same tower, in-



cluding the mutual inductance and coupling
capacitance between the phases inside a
3-phase line. By getting the open circuit im-
pedance and short circuit impedance measure-
ments of a 3-phase line in positive sequence
configuration, then the open circuit impedance
and short circuit impedance measurements from
a zero sequence circuit configured by four
3-phase lines, also the positive sequence open
circuit impedance and short circuit impedance
measurements from three types of 2-phase sys-
tems configured by four 3-phase lines, all the
parameters in four lines on same tower can be

estimated

1 Telegraph equations for four cir-
cuit AC lines on same tower
Figure 1 is a typical arrangement for four cir-

cuit AC lines which are identified by I to IV and

are set on same tower.

Ground Ground
wire wire

Fig. 1 Four circuit AC lines on same tower
It is supposed that

(1)AIl the distributed self-impedance z=r+ jo!
and self-admittance y = g + jwc, for each phase of

conductors are the same;

(2)The 3 phase wires of each line are fully

transposition, so the mutual inductance m, and
coupling capacitance ¢, between phases inside

a 3-phase line are same;

(3) The four lines are rectangle arranged and are
symmetrical to the tower, and the space be-
tween lines | and Il equals to the space between
lines 11l and IV. So, the mutual inductance and
couple capacitance between one phase of a
3-phase line and one phase of another 3-phase

line meet following equations.



For the horizontal lines, there are
Con = Cuv =G 1)
My =My =M, 2
For the vertical lines, there are
Crn =Ciy =C, ©)
Mgy =My gy =M, (4)

For the lines between diagonal positions, there

are
Crv = Con = C4 (5)
My = My =My (6)
Figure 2 illustrates the above parameters

amongst phases of different lines. For example,
the parameters which are relative to the phase

‘a’ of line I are the self-impedance z =r + jw! and
self-admittance y= g+jwc,, the mutual in-
ductance m, and coupling capacitance c, with
each phase ‘a’, ‘b’, ‘¢’ of line II, the mutual in-
ductance m, and coupling capacitance c, with

each phase ‘a’, ‘b’, ‘¢’ of line III, as well as the

mutual inductance m,and coupling capacitance
c,with each phase ‘a’, ‘b’, ‘c’ of line IV. Be-
sides, there are mutual inductance m, and
coupling capacitance c, between phases inside

line I.

My

i
r
N

3

|
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3

Fig. 2 Coupling parameters among single phases

of four lines

If the currents in each phase of four lines

though a section are
I.I,a 1 I.I,b’ I.l,C 1 I'Il,a 1 I‘Il,b 1 I'Il,c 1 I'III,a 1 I.III,b 1 I'|||,C 1
lvas v+ e » FESPECtively, then the ground re-

turn current is

'Ilb + I.II(:
S (7)

+ I|v,b + I|v,c

g I,a+Il,b-}-Il,c-i_lll,a-’-I

+1 +|Ill,b+llll,c+|IV,a

Ila

Referred to figure 2, the voltage increments on

each 3-phase line can be written as

Ul,abc = Zl,abcI I,abc + Zh,abcI 11,abc + Zv,abcI 111,abc + Zd,abcl 1V,abc

UIl,abc = zh,abcI l,abc + Zl,abcl I1,abc + Zd,abcl 111,abc + Zv,abcI 1V,abc

UIll,abc = Zv,abcl l,abc + Zd,abcl I1,abc + Zl,abcl 111,abc + Zh,abcl 1V,abc

UIV,abc = Zd,abcl I,abc + Zv,abcl 11,abc + Zh,abcl 111,abc + Zl,abcl 1V,abc

d
dx
d
dx
d
dx
d
dx

(8)

And the current increments in each 3-phase line
1§

| l,abe — Y, Ul,abc - Yh,achII,abc - Yv,ab(:UIII,abc - Yd,achIV,abc

l,abc

| Il,abc = _Yh,achI,abc + YI,ahcull,abu: - Yd‘abculll,abc - Yv,achIV‘abc

d
dx
d .
dx

& | Il,abe = =Y, Ul.abc - Yd,achII,abc +Y, UIII,abc - Yh,achIV,abc

v,abc l,abc



e = YomU e~ VoD ~ VoD VoD

(9)
The voltage and current vectors in above equa-
tions are respectively as

Ul,abc:[Ul,a Ul,b Ul,c]T J Ull,abc:[ull,a Ull,b Uu,c]T

UIII,abC:[LJIII,a LjIII,b l']III,(:]T ’

UIV.abcz[UIV,a UIV,b UIV,C]T

lane = [I-I,a I-I,b Iil,c]T ’ lane = [I.Il,a Lo I.II,c]T ’
Lt = [I.Ill,a I.Ill,b IIII,c]T lvape = [I.IV,a I.IV,b I.IV,C]T
(10)

The self-impedance matrix for each line is
r,+2 ry+jom, 1+ jom,

rg + ja)mp (11)

Iy + jom, r,+z

p

Zl,abc =| Iy + Jom, Iy +2

I, + jom,
The mutual impedance matrix between hori-
zontal lines is
111
Zyy o = (1, +jom,)|1 1 1 (12)
111
The mutual impedance matrix between vertical
lines is
111
Z, a0 = (g +jom)) 1 1 1 (13)
111
The mutual impedance matrix between diagonal
lines is
111

Zyape = (1, + jomy)|1 1 1 (14)
111

The self-admittance matrix for each 3-phase
line is
ys —jCOCP _ja)CP

Yl,abc = _ja)cP ys _ja)CP ’

i ; 15
_Ja)cp _Ja)cp ys ( )

Y, =Y+ jo(2¢, +3c, +3c, +3c,)
The coupling admittance matrix between hori-
zontal lines is
111
Yo = Jocy|1 1 1), (16)
111

The coupling admittance matrix between verti-

cal lines is

Y,

v,abc (17)

= Joc,

[E TN

e

e
-

The coupling admittance matrix between diag-
onal lines is
111

Yyame = jocg|1 1 1|, (18)
111

The matrix for three phase components trans-

formed to and from symmetrical components is

1 1 1 1 a a° -

Tola a 1), T=i1 a2 als a:ej_
a a2 1 811 1 1| @a'=en?
(19)

The voltage increment (8) which described in
phases can be transformed to symmetrical vec-

tors

d - . . . .

& UI,120 = Z|,120I 1,120 + Zh,120I 11,120 + Zv,lZOI 111,120 + Zd,lZOI 1V,120



LJII 120 — Zh 120I 1,120 + ZI 120I 11,120 + Zd 120I 111,120 + ZleOI 1V,120

Um 120 =2, 120I 1120 + 24, 120I o +Z; 120I mazo + Zn, 120I IV/,120

d
dx
d
dx
d
dx

UIV,lZO = Zd,lZOI 1,120 + Zv,lZOI 11,120 + Zh,120I 111,120 + ZI,lZOI 1Vv,120

(20

And the current increment (9) can also be

transformed to symmetrical vectors

d . . . .
dx I 1120 — YI 120U| 120 Yh,lZOU 1,120 — Yv,lZOU 120 — Yd,lZOU 1IV,120
d . . . .
dx I 11120 = _Yh,120U|,120 + Y|,120U 1,120 — Yd,120U|||,120 - Yv,lZOUIV,IZO
d . . .
dx I 120 = Yv 120U| 120 Yd,lonn,lzo + Y|,120U|||,120 - Yh,lZOUIV‘lZO
d
dx

I V120 = Yd,lZOU 1120 — YV,lZOU 11120 — Yh,120U 111,120 + Y|,120LJIV,12[)

(21)

The voltage and current vectors of each line

expressed by symmetrical components are

U120 [UI 1 Uz UI,O]T = TilUI,abc ’
Ui 120 [Uu 1 Ui Lju,o]T = TilUII,abc ’
Uiz = [Um 1 Uiz U'm,o]T = TilUIII,abc ’

IV 120 ['JIVl L'.'IV,Z LJIV,()]T = TilUIV,abc ’

_rr ; Y p—
||,120,—[||,1 ||,2 I|,o] =T Il,abc’

] ST — 1L
Li20 [|||1 L2 Iu,o] =T e ?

A,
IIII,O] =T Ilu,abc’

III12O [Illll IIII,Z

I'|v,o]T =T 1y abe (22)

IV 120 [I v,1 I 1v,2

The impedance and admittance matrices in
equations (20) and (21) are in the form of
symmetrical components, they are respectively

as following.

The self-impedance of each 3-phase line is

Z- jom, 0 0
Z0=T"Z T = 0 Z- joom, 0
0 0 3r, + 2+ j2c0m,

(23)
The mutual impedance between horizontal lines
IS

000
Z120=T7Z, 10T =3(r, + jom,)| 0 0 0| (24)
00 1

The mutual impedance between vertical lines is

000
T=3(r, + jom,)| 0 0 0| (25)
001

Zv, 120 = Tz

v,abc

The mutual impedance between diagonal lines
is

000
Zgaoo =T 72y T =3(r, + jomy) 0 0 0| (26)
00 1

The self-admittance matrix for each 3-phase

line is
ysl 0 0
Yii0 = TilYl,abcT =0 vy, 0}
0 O ysO

Yo = Y+ j8o(c, +¢, +¢, +Cy) (27)
Yo = Y+ 18w(c, +C, +¢y)

The coupling admittance between horizontal

lines is

., (28)

o O O
= O O

0
Yhizo = Tith,abcT = J3wc,| 0
0

The coupling admittance between vertical lines



YVYlZO—T’lY T = j8we,

v,abc

» (29)

o O O
o O O
= O O

The coupling admittance between diagonal

lines is
000
Yir0=T Yy T=j3wc|0 0 0|, (30)
001
After each equation which describes the

3-phase line transformed to symmetrical com-
ponents, it can be found that the positive se-
guence component is equal to the negative se-
quence component, while the coupling admit-
tance and mutual impedance left among 4 lines

are the zero sequence component only.

The positive sequence component of each
3-phase line is in fact the form of telegraph

equation [5] as

d . .
&Ul =z, (31)
d . .

™ I, =y,U; (32)

Where the positive sequence component of the

distributed impedance and admittance is
z =1+ jo(l—m,) (33)
y;=0+ jolc, +3(c, +¢, +¢, +¢,)] (34)

The zero sequence component of voltage in-

crement for each 3-phase line is

iu’,o = @3r, + 2+ j2om)l, o+ 3(r, + jom, )1,

dx ' " (35H)

+ S(rg + jom,) I.|||,0 + 3(rg + jomy) I'|v,0

d . . . ] )
&U,,_O = 3(rg + jom)| o+ (3rg +z+ jZa)mp)IH‘O (36)

+3(r, + joomy) I.|||,0 +3(r, + jwmv)I'IV,O

d . ) . ) .
d_XU|||,o:3(rg +mev)||,0+3(rg + Jomg) (37)

+ 31, + 2+ j20m) 1y o+ 3(1, + jom,) Ty,

d
_UIVO 3(r, +med)||o+3(r + jom, )Ino

dx (38)

+3(1y + jom, )y o+ @, + 2+ j20m)) 1
The zero sequence component of current in-
crement for each 3-phase line is

o=y +Jjo(3c, +3c, +3Cd)]U| 0

i[
dx . (9
= J30cU, o~ j3oc U, o — j3ocU 4

d
dX o=y + jo(3c, +3c, +3Cd)]UIIO (40)

_j3wChU|o j3a)cd 1,0 j3a)cU,V0

d
ix Lo =Ly + jo(3c, +3c, +3Cd)]UIIIO (41)

- j3wch|,o - j3wch”,0 - j3a)chU IV,0

—I1 VO) = [y + jo(3c, +3c, +3c4)U v

dx (42)

_J3wcd 1,0 JSWCUHO jswchum,o
If the voltage and current increments (35)-(42)
can be transformed into as the form of telegraph
equation, there will be the possibility to meas-
ure and calculate the parameters of illustrated

on figure 2.



2 The method to measure the pa-
rameters of four circuit 3-phase AC

lines

After deriving the theoretical models as above
section, the detail steps to measure the param-
eters can be set up. Herein the 5 types of cir-
cuits described by telegraph equations are con-
stituted by the combination of the four 3-phase
lines, then the open circuit impedance and short
circuit impedance are measured on each type of

circuits.

2.1 Case 1, positive sequence impedance

measurement on a 3-phase line

The positive sequence component of voltage
and current increments (31)-(34) which de-
scribe the single 3-phase line are of the form
telegraph equation. This means the positive se-
guence components in four 3-phase lines are
decoupled each other. So, a positive sequence
short circuit impedance and open circuit im-
pedance measurement can be done on any of a

3-phase line.

Upe 0 |_A,51 Sending A
UB,Sl ~C I.B'Sl B
U cst b~ lest C

Fig. 3 Positive sequence short circuit impedance

Receiving

measurement of a line

UA,Ol 5 I.Aol Sending A
UB‘O]. U I.B'Ol B
Uc,m 0 lcos C

Fig. 4 Positive sequence open circuit impedance

Receiving

measurement of a line

Referred to figure 3, let one of the 3-phase lines
shorted at receiving terminals, and a symmet-
rical 3- phase source applied on sending termi-
nal. After

reading the voltage

Ug=[Uxs Ugs Ucql™ and current I =
[laa Tss lcal” from the source, the short
circuit impedance z, of the 3-phase line can be
calculated as

[l a a’Juy
L a 3-2:“51

(43)

S1

Referred to figure 4, let the corresponding
3-phase line opened at the receiving terminals.

After reading the

U01=[UA,01 LJ13,01 Uc,01]T and

voltage
current 1, =
oot st lcl” from the source, the open
circuit impedance z, of the 3-phase line can be

calculated as

[ a a']uy

I oa a’]ly, (44)

o1

2.2 Case 2, zero sequence impedance

measurement on all of four lines

Algebraically sum the equations (35) to (38),
and equations (39) to (42) respectively, and

merge similar items, the following equations

are finally derived.
4 ) -2, (45)
dx -3
4y (46)
dx 3 R

Where



U :Ul,ozuu,ozum,ozulv,o (47)

(48)

= 3(|.|,o + I.||,0+ I.|||,o"' I.|v,o)
z, =121, +r + jo(I + 2m, +3m, +3m, +3m,) (49)

Y, =0+ joc, (50)

Receiving

3|‘| . ‘Sending 1
!

3|'||,o r Il
. J——
Vo 3|-|||,o r U
Iz |t e
1 3o | !

= ~

Fig. 5 Zero sequence open circuit impedance meas-

urement of four lines

3|A| . ‘Sending 1 Receiving

Blio . I

N f

USJ 3|-|||,o T Ui
[ E f

* $ 3l r

— > 1

Fig. 6 Zero sequence short circuit impedance
measurement of four lines
To implement the above equations, the 12
phases of four lines are parallel connected to-
gether at sending terminals, and applied a single
phase source to ground. Referred to figure 5,
the voltage uU,, and current 1,, from the
source are read while the receiving terminals
opened, and the zero sequence open circuit im-

pedance Zz, can be calculated as

12>,

02~

(51)

IOZ
Then referred to figure 6, the receiving termi-
nals are grounded; the voltage U, and current
I, of the source can be used to calculate the

zero sequence short circuit impedance z,, as

120y (52)

S2 I
S2

2.3 Case 3, a 2-phase system configured by
connecting sending terminals of 3-phase lines
I and 11, also connecting the 3-phase lines 111
and IV

Equations (35) to (42) are algebraically
summed as (35)+(36)—(37)—(38) and
(39)+(40)—(41)—(42) respectively. After merg-

ing similar items, result in the following equa-

tions.
d .o I =1y
&[Z(UA_UB)]:ZS( 3 ) (53)
4 daztay g 1o, Uy (54)
dx 3 3 A B
—> 3y L
IA‘O3 3|'“‘0 ‘ i
Sending Receiving
3I‘|||‘o I
IB,OS‘ 3I'Iv,0 Wi

Fig. 7 Positive sequence open circuit impedance

measurement of 3- phase system for Case 3

3I'IO I L

Blyo | I

Sending Receiving

3' V,0

Fig. 8 Positive sequence short circuit impedance

measurement of 2-phase system for Case 3

Where

2(UA_U.B):(U.Lo"'uu,o)_(u|||,o"'U.|v,o) (55)

g = Tg =310+ 0) = (o + T1v0)] (56)



Z; =1+ jo(l +2m, +3m, —3m, —3m,)

(57)

Y; = g+ joo(c, +6¢C, +6¢,) (58)

So, referred to equations (53)-(54), connect the
sending terminals of 3-phase lines I and Il to-
gether, also connect the sending terminals of
3-phase lines 111 and IV together, and a 2-phase
source is applied across the lines | (I1) and 1lI
(IV) as figure 7. By reading 2-phase positive

sequence voltages U,,, , Uge, and currents

Inoss lsos While the receiving terminals are

opened, the 2-phase positive sequence open

circuit impedance Zz.,in such a case can be

calculated as

_ G(U.A,oai UB,OB)

03

(59)

IA,03_ I B,03

Then referred to figure 8, the receiving termi-
nals are shorted, after reading the voltages

Unss, Ugs;and currents 1, I5s, the 2-phase

positive sequence short circuit impedance

Z, in such a case can be calculated by
_ 6(UA,53_UB,S3)

(60)

3 —
IA,s3 IB.33

2.4 Case 4, a 2-phase system configured by
connecting the sending terminals of 3-phae
lines I and Il1, also connecting the 3-phase
lines Il and IV

Equations (35) to (42) are algebraically
(35)—(36)+(37)—(38)
(39)—(40)+(41)—(42) respectively, after merging

summed as and

similar items, the following equations are fi-

10

nally derived.

d ... . |
&[Z(UA_UB)]:Z4( AS B) (61)
d I,—1Ig C
d_( ) =Y, '[Z(UA _UB)] (62)
X 3
Where
Z(UA_UB) :(U|,0+Uu,o)_(U|||,O+U|v,o) (63)
I'A - I'B :3[( I.|,o, + I.u,o) - (|.|||,0+ I'IV.O)] (64)
z, =1+ jo(l +2m, —3m, +3m, —3m,) (65)
Y, =g+ jo(c, +6c, +6¢,) (66)
—» 3Ln I 1
IADA ?;f:: ‘ m
Sending Receiving
3y i
[&OA ‘;ﬂ:; )\

Fig. 9 Positive sequence open circuit impedance

measurement of 2-phase system for Case 4

3l l

—
3l ; m

Sending Receiving

30, il

—
3l v

> |

Fig. 10 Positive sequence short circuit impedance

measurement of 2-phase system for Case 4

Referred to equations (61) - (66), connect the
sending terminals of 3-phase lines I and Il to-
gether, and connect the sending terminals of
3-phase lines Il and IV together. A 2-phase
source is applied across the sending terminals
of line 1 (111) and 11 (IV) with the receiving ter-
minals opened as figure 9. After reading the

voltages U,o,, Ugo, and currents l,q,, lgos



the 2-phase positive sequence open circuit im-

pedance z,, in such a case can be calculated by

_ G(UA,O4_UB,O4)

IA,O47 I B,04

(67)

o4

Then the receiving terminals are shorted as fig-

ure 10. After reading the voltagesU,, ,Ugs,and
currents I,g, , Igs, , the 2-phase positive se-

quence short circuit impedance z, is calculat-

ed as

_ G(UA,S4_UB,S4)

S4

(68)

IA,S47 I B,S4

2.5 Case 5, a 2-phase system configured by
connecting sending terminals of the 3-phase
lines 1 and 1V, also connecting the 3-phase
lines 11 and 111

Equations (35) to (42) are algebraically
(35)—(36)—(37)+(38)
(39)—(40)—(41)+(42) respectively, after merging

summed as and

similar items, the following equations are fi-

nally derived.
92U, +Ug = 2,2 ey (69)
dX A B 5 3
d I,y S
_(—) = yS[Z(UA +UB)] (70)

dx 3

where

2(UA +UB) = (U|,o +UIV,0) _(Uu,o +U|||,o) (71)

I'A + |.B =3[( |.|,0 + I.|v,o) - (I.n,o + I'|||,0)] (72)
z; =1+ jo(l +2m, —3m, —3m, +3m;)  (73)
Ys =g+ joo(c, +6¢, +6c,) (74)

11

- 3l ‘ I
i f
AOs | of I\
. VO
UA,OS? —» !
1] Sending Receiving
U 3y, ‘ 1
B,05 v ) E——
Ig05 3|‘|||,0 m
— —

Fig. 11 Positive sequence open circuit impedance

measurement of 2-phase system for Case 5

— 3|.| 0 T L
I - f

ASS | 3l ‘ v
.

. Sending Receiving

3l ‘ 11
] "

IB,SS 3l 11,0 I
> |

Fig. 12 Positive sequence short circuit impedance

measurement of 2-phase system for Case 5
Referred to equations (69)-(74), the 3-phase
lines | and IV are connected together, and the
3-phase lines Il and Il are connected together.
A 2-phase source is applied across terminals |
(V) and 11 (IIl) with receiving terminals
opened as figure 11. After reading the voltages

Unos, Ugosand currents i, os, I505, the 2-phase

positive sequence open circuit impedance
Z.in such a case is calculated as
6(U,,—U
ZO5 — ( A5 i B,OS) (75)

IA,os - IB,os

Then the receiving terminals are shorted to-
gether as figure 12. After reading voltag-

esU, s, Ugssand currents 1, I, the positive
sequence short circuit impedance Zgin such a
case is calculated as

G(U AS5 U B,SS)

IA,SS - IB,ss

Zss = (76)



3 Parameters calculation

When the short circuit impedance and open

circuit impedance measurements
z, and 2z, , Z, and Zz, ,
z,andz.,,z,andz,,,z,and z. in above cases
are finished, the characteristic
ance Z.; and propagation constant y; in each case

I can be calculated as following

2 = ZsZo

coth™ /?’i
Tﬁ (i=1,2,3,4,5) (78)

Where D is the distance of four lines on same

(i=1,2,345) (77)

i =

tower. Then the distributed impedance z, and

admittance y, for each case are calculated as

(i=1,2,3,45) (79)

Zi =1

yo=n/z,  (i=12345) (80)

Subscript i=1, 2,..., 5 refer to the measurement
case above. Then the distributed parameters il-

lustrated in figure 2 can be calculated as

r:%real(zl+23+z4+25), (81)
1
g=Sreal (Y + Y+ Y+ Ve +Ys) (82)
_real(z,)—r
= (83)

1 -1 0 0 o7l z,
12 3 3 3|m z,
ol 2 3 -3 -3|m, [=imag z, | (84)
1 2 -3 3 -3|m, z,
1 2 -3 -3 3|m Zg
1 3 3 3 3]c,] [y, |
1000 0fc, Y,
ol 0 0 6 6|c,|=imag|y,| (85)
106 0 6jc, Vs
11 0 6 6 0jcy| | Ys

In equations (81)-(85), real(-) is the real part

and imag(-) is the imaginary part of a complex.

4 Discussion

All the impedance measurements should be at a
given frequency. To avoid the interference from
power frequency, it is suggested that the meas-
urement are done around the power frequency
fs, say at the frequencies

fo—Af | fo+AF .

Where Af may be 2.5Hz, 5Hz or 10Hz. The
measurement and calculation are done for each

frequency. Finally, the parameters at power

frequency can be calculated by interpolation.

Due to the induced voltage and current on the
line to be measured may be great, it should be
very careful in the measurement to avoid the
damage to the instrument and hurt to the work-

ers.

5. Conclusion

In general, multi-circuit AC transmission lines



might be decoupled if they are symmetrically
arranged in cross section geometry and are full
transposition. The measurement steps are: (i)
take the positive sequence open circuit imped-
ance and short circuit impedance measurement
on a 3-phase line; (ii) the zero sequence open
circuit impedance and short circuit impedance
measurement of all the ac lines connected at
sending terminals; (iii) all the 3-phase lines are
assembled as several 2-phase systems or
3-phase systems, and take the positive open
circuit impedance and short circuit impedance
measurement on the 2-phase systems or 3-phase
systems. The pre-condition is that by merging
the similar items of the zero sequence voltage
and current increments for each line, and left

only the form of telegraph equation.

After getting the open circuit impedance and
short circuit impedance measurement, then
characteristic impedance and propagation coef-
ficient for each type of systems can be calcu-
lated, further the distributed impedance and
admittance can be resulted. Finally, the
self-impedance and ground capacitance for each
phase, the mutual inductance and coupling ca-
pacitance between phases inside a single
3-phase line, mutual impedance and coupling

capacitance amongst the lines can all be solved.
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