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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-

quence 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-
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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. 

 
Fig. 1  Four circuit AC lines on same tower 

It is supposed that 

(1)All the distributed self-impedance ωlrz j  

and self-admittance 0jωcgy  for each phase of 

conductors are the same; 

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

transposition, so the mutual inductance pm  and 

coupling capacitance pc  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 I and II equals to the space between 

lines III 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. 

III 

II 

IV 

Ground 

wire 
Ground 

wire 

I 
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For the horizontal lines, there are 

  hIII-IVI-II ccc       (1) 

        hIII-IVI-II mmm         (2) 

For the vertical lines, there are 

  vII-IVI-III ccc        (3) 

        vII-IVI-III mmm      (4) 

For the lines between diagonal positions, there 

are 

dII-IIII-IV ccc      (5) 

           dII-IIII-IV mmm      (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 ωlrz j and 

self-admittance y=  0jωcg+ , the mutual in-

ductance hm and coupling capacitance hc with 

each phase ‘a’, ‘b’, ‘c’ of line II, the mutual in-

ductance vm and coupling capacitance vc with 

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

mutual inductance dm and coupling capacitance 

dc with each phase ‘a’, ‘b’, ‘c’ of line IV. Be-

sides, there are mutual inductance dm  and 

coupling capacitance dc  between phases inside 

line I. 

I

II

III

IV

ch

ch

cv

cd

mh

md

r l

c0g

r l

c0g

r l

c0g

r

c0g

cv

mv

mh

mv

l

 

Fig. 2  Coupling parameters among single phases 

of four lines 

If the currents in each phase of four lines 

though a section are 

aI,I , bI,I , cI,I ; aII,I , bII,I , cII,I ; aIII,I , bIII,I , cIII,I ; 

aIV,I , bIV,I , cIV,I , respectively, then the ground re-

turn current is 

cIV,bIV,aIV,cIII,bIII,aIII,

cII,bII,aII,cI,bI,aI,

++++++

+++++=I

IIIIII

IIIIIIg




 (7) 

Referred to figure 2, the voltage increments on 

each 3-phase line can be written as 

abc,IVabc,dabc,IIIabc,vabc,IIabc,habc,Iabc,labc,I
d

d
IIIIU  ZZZZ

x


abc,IVabc,vabc,IIIabc,dabc,IIabc,labc,Iabc,habc,II
d

d
IIIIU  ZZZZ

x


abc,IVabc,habc,IIIabc,labc,IIabc,dabc,Iabc,vabc,III
d

d
IIIIU  ZZZZ

x


abc,IVabc,labc,IIIabc,habc,IIabc,vabc,Iabc,dabc,IV
d

d
IIIIU  ZZZZ

x


         

 （8） 

And the current increments in each 3-phase line 

is 

abc,IVabc,dabc,IIIabc,vabc,IIabc,habc,Iabc,labc,I YYYY
d

d
UUUUI  

x

abc,IVabc,vabc,IIIabc,dabc,IIabc,labc,Iabc,habc,II YYYY
d

d
UUUUI  

x

abc,IVabc,habc,IIIabc,labc,IIabc,dabc,Iabc,vabc,III YYYY
d

d
UUUUI  

x
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abc,IVabc,labc,IIIabc,h)abc,IIabc,vabc,Iabc,dabc,IV YYYY
d

d
UUUUI  

x

  (9) 

The voltage and current vectors in above equa-

tions are respectively as 

T

cI,bI,aI,abcI, ][= UUU U , T

cII,bII,aII,abcII, ][= UUU U  

T

III,cbIII,III,aIII,abc ][= UUU U ，

T

cIV,bIV,aIV,abcIV, ][= UUU U  

T

cI,bI,aI,abcI, ][= III I ， T

cII,bII,aII,abcII, ][= III I ， 

T

cIII,bIII,aIII,abcIII, ][= III I
T

cIV,bIV,aIV,abcIV, ][= III I  

(10) 

The self-impedance matrix for each line is 

























zrωmrωmr

ωmrzrωmr

ωmrωmrzr

Z

gpgpg

pggpg

pgpgg

abc,l

jj

jj

jj

 (11) 

The mutual impedance matrix between hori-

zontal lines is

 



















111

111

111

)j( habc,h ωmrZ g
   (12) 

The mutual impedance matrix between vertical 

lines is

 



















111

111

111

)j( vabc,v ωmrZ g
   (13) 

The mutual impedance matrix between diagonal 

lines is

 



















111

111

111

)j( dabc,d ωmrZ g
   (14) 

The self-admittance matrix for each 3-phase 

line is

 

)3332(j

jj

jj

jj

Y

dvhps

sPP

PsP

PPs

abc,l

ccccωyy

ycc

cyc

ccy

























 ，







 (15) 

The coupling admittance matrix between hori-

zontal lines is

 



















111

111

111

jY habch, ωc ，   (16) 

The coupling admittance matrix between verti-

cal lines is

 



















111

111

111

jY vabcv, ωc ，   (17) 

The coupling admittance matrix between diag-

onal lines is

 



















111

111

111

jY dabcd, ωc ，    (18) 

The matrix for three phase components trans-

formed to and from symmetrical components is 



















1

1

111

T
2

2

aa

aa ，


















111

1

1

3

1
T 2

2

1 aa

aa

，
3/4j2

3/2j

e

e









a

a  

  (19) 

The voltage increment (8) which described in 

phases can be transformed to symmetrical vec-

tors  

120,IV120,d120,III120,v120,II120,h120,I120,l120,I ZZZZ
d

d
IIIIU  

x
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120,IV120,v120,III120,d120,II120,l120,I120,h120,II ZZZZ
d

d
IIIIU  

x

120,IV120,h120,III120,l120,II120,d120,I120,v120,III ZZZZ
d

d
IIIIU  

x

120,IV120,l120,III120,h120,II120,v120,I120,d120,IV ZZZZ
d

d
IIIIU  

x

  （20） 

And the current increment (9) can also be 

transformed to symmetrical vectors 

120,IV120,d120,III120,v120,II120,h120,I120,l120,I YYYY
d

d
UUUUI  

x

120,IV120,v120,III120,d120,II120,l120,I120,h120,II YYYY
d

d
UUUUI  

x

120,IV120,h120,III120,l120,II120,d120,I120,v120,III YYYY
d

d
UUUUI  

x

120,IV120,l120,III120,h120,II120,v120,I120,d120,IV YYYY
d

d
UUUUI  

x

  (21) 

The voltage and current vectors of each line 

expressed by symmetrical components are 

abc,I

1T

I,0I,2I,1I,120 T=][= UU
﹣UUU  ， 

abcII,

1T

II,0II,2II,1II,120 T=][= UU
﹣UUU  ， 

abcIII,

1T

III,0III,2III,1III,120 T=][= UU
－UUU  ， 

abcIV,

1T

IV,0IV,2IV,1IV,120 T=][= UU
﹣UUU  ， 

abc,I

1T

I,0I,2I,1I,120, T=][= II
﹣III  ， 

abcII,

1T

II,0II,2II,1II,120 T=][= II
﹣III  ， 

abcIII,

1T

III,0III,2III,1III,120 T=][= II
﹣III  ， 

abcIV,

1T

IV,0IV,2IV,1IV,120 T=][= II III      (22) 

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 























 

p

p

p

abcl,

1

l,120

2j300

0j0

00j

TZTZ

ωmzr

ωmz

ωmz

g

 

     (23) 

The mutual impedance between horizontal lines 

is

 

















 

100

000

000

)j(3TZTZ hgabch,

1

h,120 ωmr  (24) 

The mutual impedance between vertical lines is

 

















 

100

000

000

)j3(TZTZ vgabcv,

1

v,120 ωmr  (25) 

The mutual impedance between diagonal lines 

is

 

















 

100

000

000

)j(3TZT dabc,d

1

120,d ωmrZ g
 (26)

 

The self-admittance matrix for each 3-phase 

line is 

)(3j

)(3j

;

00

00

00

TYTY

dvh0s

dvhp1s

0s

1s

1s

abc,1

1

120,l

cccωyy

ccccωyy

y

y

y





















 

 (27) 

The coupling admittance between horizontal 

lines is 

















 

100

000

000

3jTYTY habc,h

1

120,h ωc ， (28) 

The coupling admittance between vertical lines 
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is 

















 

100

000

000

3jTYTY vabc,v

1

120,v ωc ， (29) 

The coupling admittance between diagonal 

lines is 

















 

100

000

000

3jTYTY dabcd,

1

d,120 ωc ， (30) 

After each equation which describes the 

3-phase line transformed to symmetrical com-

ponents, it can be found that the positive se-

quence 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 

111
d

d
IzU

x
       (31) 

111
d

d
UyI

x
       (32) 

Where the positive sequence component of the 

distributed impedance and admittance is 

)(j p1 mlωrz       (33) 

)](3[jg dvhp01 cccccωy    (34) 

The zero sequence component of voltage in-

crement for each 3-phase line is 

IV,0dgIII,0vg

II,0hgI,0pgI,0

)j3()j3(

)j3()j2(3
dx

d

IωmrIωmr

IωmrIωmzrU








  (35) 

IV,0vgIII,0dg

II,0pgI,0hgII,0

)j3()j3(

)j2(3)j3(
dx

d

IωmrIωmr

IωmzrIωmrU








 (36) 

IV,0hgIII,0pg

II,0dgI,0vgIII,0

)j3()j2(3

)j3()j3(
dx

d

IωmrIωmzr

IωmrIωmrU








(37) 

IV,0pgIII,0hg

II,0vgI,0dgIV,0

)j2(3)j3(

)j3()j3(
dx

d

IωmzrIωmr

IωmrIωmrU








(38) 

The zero sequence component of current in-

crement for each 3-phase line is 

IV,0dIII,0vII,0h

I,0dvhI,0

j3ωj3ωj3ω

)]33(3cj[
dx

d

UcUcUc

UccωyI








 (39) 

IV,0vIII,0dI,0h

II,0dvhII,0

j3j3j3

)]33(3j[
dx

d

UωcUωcUωc

UcccωyI








   (40) 

IV,0hII,0dI,0v

III,0dvhIII,0

j3j3j3

)]33(3j[
dx

d

UωcUωcUωc

UcccωyI








   (41) 

III,0hII,0vI,0d

IV,0dvhIV(0)

j3j3j3

)]33(3j[
dx

d

UωcUωcUωc

UcccωyI








   (42) 

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.  
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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-

quence 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. 

C

A

B

Sending Receiving
1S,AU

1S,BU

1S,CU

1S,AI

1S,BI

1S,CI

Fig. 3 Positive sequence short circuit impedance 

measurement of a line  

C

A

B

Sending Receiving
1O,AU

1O,BU

1O,CU

1O,AI


1O,BI

1O,CI

 Fig. 4 Positive sequence open circuit impedance 

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 

T

1S,C1S,B1S,A1S ][ UUU U and current =S1I  

T

S1C,S1B,S1A, ][ III   from the source, the short 

circuit impedance 1SZ of the 3-phase line can be 

calculated as 

1S

2

1S

2

1S
]1[

]1[

I

U

aa

aa
Z      (43) 

Referred to figure 4, let the corresponding 

3-phase line opened at the receiving terminals. 

After reading the voltage 

T

1O,C1O,B1O,A1O ][ UUU U and current =O1I  

T

O1C,O1B,O1A, ][ III   from the source, the open 

circuit impedance 1OZ of the 3-phase line can be 

calculated as  

1O

2

1O

2

1O
]1[

]1[

I

U

aa

aa
Z      (44) 

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. 

)
3

()4(
d

d
2

I
zU

x


      (45) 

)4()
3

(
d

d
2 Uy

I

x



     (46) 

Where  
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IV,0III,0II,0I,0 UUUUU  
   (47) 

)(3 IV,0III,0II,0I,0 IIIII  
   (48) 

)3332(j12 dvhpg2 mmmmlωrrz   (49) 

02 jωcgy       (50) 

I

Ⅱ 

Ⅲ 

Ⅳ 

2OU

2OI

I,03I

II,03I

III,03I

IV,03I

Sending Receiving

Fig. 5 Zero sequence open circuit impedance meas-

urement of four lines 

I

Ⅱ 

Ⅲ 

Ⅳ 2SI

I,03I

II,03I

III,03I

IV,03I

2SU

Sending Receiving

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 2OU  and current 2OI  from the 

source are read while the receiving terminals 

opened, and the zero sequence open circuit im-

pedance O2Z can be calculated as  

O2

O2

O2

×12
=

I

U
Z 


     (51) 

Then referred to figure 6, the receiving termi-

nals are grounded; the voltage 2SU  and current 

2SI  of the source can be used to calculate the 

zero sequence short circuit impedance S2Z  as  

S2

S2

S2

×12
=

I

U
Z 


     (52) 

2.3 Case 3, a 2-phase system configured by 

connecting sending terminals of 3-phase lines 

I and II, also connecting the 3-phase lines III 

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. 

)
3

()](2[
d

d BA
3BA

II
zUU

x


 

    (53) 

)](2[)
3

(
d

d
BA3

BA UUy
II

x






    (54) 

I

Ⅱ 

Ⅲ 

Ⅳ 

3O,AU

3O,BI

I,03I

II,03I

III,03I

IV,03I
3O,BU

3O,AI

Sending Receiving

 

Fig. 7 Positive sequence open circuit impedance 

measurement of 3- phase system for Case 3 

I

Ⅱ 

Ⅲ 

Ⅳ 

3S,AU

3S,BI

I,03I

II,03I

III,03I

IV,03I

3S,BU

3S,AI

Sending Receiving

 

Fig. 8 Positive sequence short circuit impedance 

measurement of 2-phase system for Case 3 

Where 

)())(2 IV,0III,0II,0I,0BA UUUU(UU     (55) 

)]()[(3 IV,0III,0II,0I,0BA IIIIII     (56) 
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)3332(j dvhp3 mmmmlωrz    (57) 

)66(j dv03 cccωgy      (58) 

So, referred to equations (53)-(54), connect the 

sending terminals of 3-phase lines I and II to-

gether, also connect the sending terminals of 

3-phase lines III and IV together, and a 2-phase 

source is applied across the lines I (II) and III 

(IV) as figure 7. By reading 2-phase positive 

sequence voltages 3O,AU , 3O,BU and currents 

3O,AI , 3O,BI  while the receiving terminals are 

opened, the 2-phase positive sequence open 

circuit impedance O3Z in such a case can be 

calculated as  

O3B,O3A,

O3B,O3A,

O3 －

)－6(
=

II

UU
Z 


    (59) 

Then referred to figure 8, the receiving termi-

nals are shorted, after reading the voltages 

3S,AU , 3S,BU and currents 3S,AI , 3S,BI , the 2-phase 

positive sequence short circuit impedance 

S3Z in such a case can be calculated by  

S3B,S3A,

S3B,S3A,

S3

)6(
=

II

UU
Z 



－

－
   (60) 

2.4 Case 4, a 2-phase system configured by 

connecting the sending terminals of 3-phae 

lines I and III, also connecting the 3-phase 

lines II and IV 

Equations (35) to (42) are algebraically 

summed as (35)(36)+(37)(38) and 

(39)(40)+(41)(42) respectively，after merging 

similar items, the following equations are fi-

nally derived. 

)
3

(])(2[
d

d BA
4BA

II
zUU

x


 

    (61) 

])(2[)
3

(
d

d
BA4

BA UUy
II

x






  (62) 

Where 

)())(2 IV,0III,0II,0I,0BA UUUU(UU     (63) 

)]()[(3 IV.0III,0II,0I,0,BA IIIIII      (64) 

)3332(j dvhp4 mmmmlωrz    (65) 

)66(j dh04 cccωgy      (66) 

I

Ⅱ 

Ⅲ 

Ⅳ 

4O,AU

4O,BI

I,03I

II,03I

III,03I

IV,03I
4O,BU

4O,AI

Sending Receiving

Fig. 9 Positive sequence open circuit impedance 

measurement of 2-phase system for Case 4 

I

Ⅱ 

Ⅲ 

Ⅳ 

4S,AU

4S,BI

I,03I

II,03I

III,03I

IV,03I

4S,BU

4S,AI

Sending Receiving

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 III to-

gether, and connect the sending terminals of 

3-phase lines II and IV together. A 2-phase 

source is applied across the sending terminals 

of line I (III) and II (IV) with the receiving ter-

minals opened as figure 9. After reading the 

voltages 4O,AU , 4O,BU and currents 4O,AI , 4O,BI , 
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the 2-phase positive sequence open circuit im-

pedance O4Z in such a case can be calculated by 

 
O4B,O4A,

O4B,O4A,

O4 －

)－6(
=

II

UU
Z 


    (67) 

Then the receiving terminals are shorted as fig-

ure 10. After reading the voltages 4S,AU , 4S,BU and 

currents 4S,AI , 4S,BI , the 2-phase positive se-

quence short circuit impedance S4Z is calculat-

ed as 

 
S4B,S4A,

S4B,S4A,

S4 －

)－6(
=

II

UU
Z 


    (68) 

2.5 Case 5, a 2-phase system configured by 

connecting sending terminals of the 3-phase 

lines I and IV, also connecting the 3-phase 

lines II and III 

Equations (35) to (42) are algebraically 

summed as (35)(36)(37)+(38) and 

(39)(40)(41)+(42) respectively，after merging 

similar items, the following equations are fi-

nally derived. 

)
3

()](2[
d

d BA
5BA

II
zUU

x


 

     (69) 

)](2[)
3

(
d

d
BA5

BA UUy
II

x






    (70) 

where 

)))(2 III,0II,0IV,0I,0BA UU(UU(UU    (71) 

])()3[( III,0II,0IV,0I,0BA IIIIII       (72) 

)3332(j dvhP5 mmmmlωrz    (73) 

)66(j vh05 cccωgy      (74) 
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Fig. 11  Positive sequence open circuit impedance 

measurement of 2-phase system for Case 5 
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Fig. 12  Positive sequence short circuit impedance 

measurement of 2-phase system for Case 5 

Referred to equations (69)-(74)，the 3-phase 

lines I and IV are connected together, and the 

3-phase lines II and III are connected together. 

A 2-phase source is applied across terminals I 

(IV) and II (III) with receiving terminals 

opened as figure 11. After reading the voltages 

5O,AU , 5O,BU and currents 5O,AI , 5O,BI , the 2-phase 

positive sequence open circuit impedance 

O5Z in such a case is calculated as  

 
5O,B5O,A

5O,B5,A

05

)(6

II

UU
Z








    (75) 

Then the receiving terminals are shorted to-

gether as figure 12. After reading voltag-

es 5S,AU , 5S,BU and currents 5S,AI , 5S,BI , the positive 

sequence short circuit impedance S5Z in such a 

case is calculated as 

 
5S,B5S,A

5S,B5S,A

5S

)(6

II

UU
Z








    (76) 
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3 Parameters calculation 

When the short circuit impedance and open 

circuit impedance measurements 

1SZ and 1OZ , 2SZ and 2OZ , 

3SZ and 3OZ , 4SZ and 4OZ , 5SZ and 5OZ in above cases 

are finished, the characteristic 

ance i,cz and propagation constant iγ in each case 

i can be calculated as following  

iii ZZz OSc,    （i=1,2,3,4,5） (77) 

D

Z

Z

γ
i

i

S

O1

i

coth 

  （i=1,2,3,4,5） (78) 

Where D is the distance of four lines on same 

tower. Then the distributed impedance iz and 

admittance iy for each case are calculated as 

ii γzz i,c   （i=1,2,3,4,5） (79) 

iii zγy ,c  （i=1,2,3,4,5） (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 

)(real
4

1
5431 zzzzr  ,   (81) 

)(real
5

1
54321 yyyyyg    (82) 

12

)(real 2 rz
rg


      (83) 
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33331

y

y

y

y

y

c

c

c

c

c

ω   (85) 

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 ffS － , ffS + . 

Where f  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 
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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. 

 

6 Reference 

[1] HU Zhijian，XIONG Min, LI Yan, et al, 

Measurement method of zero sequence param-

eters of EHV four-circuit transmission lines on 

the same tower, Proceedings of the CSEE[J], 

2015, 35(17): 4548-4556. 

[2]  Morched A, Gustavsen B, Tartibi M. A 

universal model for accurate calculation of 

electromagnetic transients on overhead lines 

and underground cables [J]. IEEE Transactions 

on Power Delivery, 1999, 14(3): 1032-1038. 

[3] LI Shusen, CHEN Xiaoyan, QI Geqing et 

al. Et al. Discussion on Live Line Measurement 

of the Parameters of the Transmission Lines 

with Four-circuit on a Tower [J]. High Voltage 

Engineering, 2006, 32（7）：17-20. 

[4] HU Zhijian, CHEN Yunping, HU Nin. 

New live line measurement methods of trans-

mission lines’ inductance parameters based on 

GPS[C]//2004 International Conference on 

Power System Technology．Singapore: IEEE, 

2004: 63-68． 

[5] XIAO Yao, DENG Jun, FAN Yi, et al, De-

coupling Measurement of Zero Sequence Pa-

rameters for Four-circuit AC Transmission 

Lines on Same Tower[J], Southern Power Sys-

tem Technology, 2016, 10(1): 54-59 

 

Authors 

XIZO Yao（1960），Experts in 

HVDC, power quality, electrical 

test. Email: hbxiaoyao@sina.com; 

DENG Jun（1985），Ph.D, Engineer in high 

voltage technology, electromagnetic averment 



 

14 

 

supvision; 

FAN Yi（1971），Ph.D，Chief Engineer in 

electrical measurement, 

CHEN Lan（1964），Ph.D, CEO of DYYT, 

mainly for the electrical measurement. 



改进的同塔四回交流输电线路参数测量方法 

肖遥 1，邓军 1，范毅 2，程澜 2
 

(1. 南方电网超高压输电公司检修试验中心，广州 510663；2. 武汉大洋义天科技股份有限责

任公司，武汉 430205) 

摘要：对同塔四回交流输电线路参数的测量方法做了改进。首先是测量单回线路的正序开路

阻抗和短路阻抗；然后将四回线路以两两组合的方式，组成四组两相系统，并对四组两相系

统的开路阻抗和短路阻抗进行测量；最后分别计算各电路组合下的分布阻抗和分布导纳，进

而精确地计算出各回线路之间的零序耦合电感和耦合电容，以及零序 r、l、c自参数。 

关键词：输电线路；阻抗测量；测量标准；线路参数测量,电报方 

 

 


