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Decreasing Technique of the Electric—field Intensity on Transmission
Conductor Surface using the Hybrid Conductor Bundle
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Abstract - Corona discharges form at the surface of a transmission line conductor when the electric-field intensity on

the conductor surface exceeds the breakdown strength of air. In order to decrease the electric-field intensity on the

conductor surface, a new 6 conductor bundle has been studied. This bundle, hybrid conductor bundle, consists of using

a larger subconductor at the bottom two conductor positions in the 6-conductor bundles of each phase of the line. The

electric field on these two larger subconductors is reduced which in turn reduces the corona noise. It is shown that this

is a better solution for decreasing the electric-field intensity than either the conventional bundle or the asymmetric

bundle proposed by EPRI.
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Corona Discharge, Electric-field Intensity, Hybrid Conductor Bundle.
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Fig. 1 EPRI asymmetrical arrangement
of six-conductor bundle.
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subconductor symmetrical arrangement.
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Fig. 3 Configuration of 765 kV double circuit transmission

line and conductor arrangement.
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Table 1 Each conductor arrangement and Code No. for
surface gradient calculation.
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Table 2 Average and maximum surface gradient of subcon-
ductors for each model arrangement
{(Upper phase case).

TR R

o)
Ist | 2nd | 3rd | 4th | 5th | 6th

Sub- | Sub- | Sub- | Sub- | Sub- | Sub-
cond. |{ cond. | cond. .{cond. | cond

: [kV/cml]

Avg.

CSM41
(480mm’

X4
+810mm”
X2)

CSM42| AVG
(480mm’

X6 |MAX

AVG| 1022|1206 | 12.11 1228 110.31 ] 11.534

MAX| 12.65 1460 | 14.74 112.78 | 13.942

1269 1240|1265 12.80 | 12538

15.13 14.60 | 1475 15.27 | 14934

CSI\/I43 AVG| 981 | 959 | 948 | 958 | 9.78 | 991
(810mm’
x6) |MAX

CSM44
(480mm-
X4
+610mm’
X2)
CSM45| AVG
(610mm’
X6) MAX|[13.45

9.691

11.84(11.97] 1225|1242

AVG 12.19|12.30 11.35

MAX| 1369 | 14.60 211467 | 14.90 | 13.82 | 14.364

11.00]10.77 | 1064|1075 {10.97 | 11.11 | 10.873

13151298 11312 | 13.42 | 13.60 { 13.286
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Fig. 5 Maximum surface gradient curve of subconductors
for each arrangement(Upper phase case).
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Table 3 Average and maximum surface gradient of subcon-
ductors for each model arrangement
{Middle phase case)

BB T R RAX

@9 [kV/cm]
Ist | 2nd | 3rd | 4th | 5th | 6th
Sub- | Sub- | Sub- | Sub- | Sub- | Sub-
cond. | cond. | cond. | cond. | cond. | cond

Avg.

CSM4]
(480mm’

X4
+810mm”
X2)
CSM42| AVG || 125
(480mm’
X6) | MAX

CSM43
(810mm

X6) MAX

CSM44

(480mm°
X4

+610mm’
X2)

CSM45| AVG
(610mm

X6) | MAX

AVG |[10.09112.19]12.37| 1229 | 12.04 | 10.03 | 11.500

MAX [ 1249|1461 | 1479|1469 | 14.42 | 12.40 [ 13.899

2]

125411253 (1246|1239 |12.45 | 12.481

14.92114.94|14.93 | 14.84 | 14.75 | 14.82 { 14.866

AVG | 968 | 970 | 969 | 9.63 | 958 | 962 | 9.652

12.12(12.14|12.13 | 12.05 [ 11.97 | 12.04 | 12.075

AVG | 11.11 1123512441237 { 12.20 | 11.04 | 11.917

MAX [ 1350 | 14.76 | 14.85 | 14.76 | 1457 | 13.41 | 14.310

10.86 | 10.88 | 10.87 | 10.81 [10.75 | 10.80 | 10.826

13.2813.30 { 13.29 | 13.21 [ 13.12 | 13.19 | 13.232
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Table 4 Average and maximum surface gradient of subcon-
ductors for each model arrangement
(Bottom phase case)

@9 [kV/cm]
5th | 6th
Sub- | Sub~
cond. | cond

2nd
Sub-
cond.

3rd
Sub-
cond.

Ist
Sub-
cond.

4th
Sub-
cond.

Avg.

CSM4l
(480mm°

X4
+810mm’
X2)
CSM42
(480mm’
X6)
CSM43
(810mm’
X6)
CSM44
(480mm®

X4
+610mm’

X2)
CSM45
(610mm’

X6)

AVG || 992 1210|1254 1264 }12.31|10.01 [ 11587

MAX |[[12.24 | 1450 | 15.00 | 15.14 | 14.76 | 12.36

AVG 123211245 12.71 1 12.81 | 12.66 | 12.42

MAX | 14.64 | 14.82 | 15.15

9.83
12.31

15.28 | 15.08 | 14.78

AVG || 951 | 962 991 | 979 | 959

MAX || 11.87 | 12.02 1243112.25(11.98

AVG (1092122611262 | 12721247 | 11.02

MAX 13251465 | 15.07 | 15.20 | 14.91 | 13.37 | 14.407

AVG |110.67 | 10.80 | 11.02 | 11.11 {10.98 | 10.76 | 10.891

MAX || 13.0213.18 | 13491361 | 13.43 | 13.14 [ 13.311
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Fig. 7 Maximum surface gradient curve of subconductors
for each arrangement(Bottom phase case).
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Table 5 Average and maximum subconductor surface
gradient of phases for each model arrangement.

@9 - [kV/em]

2nd
Sub-
cond.

1st
Sub-
cond.

3rd
Sub-
cond.

4th
Sub-
cond.

5th
Sub-
cond.

6th
Sub-
cond

Avg.

CSM41

(480mm’ AVG

1153

11.59

1153

11.50

11.59 111.541

X4
+810mm’
X2)

MAX

13.94

13.95

13.94

13.90

13.95113.930

CSM42| AVG

(480mm’

12.54

12.56

12.54

12.48

12.56 | 12.526

X6) MAX

14.93

14.96

14.94

14.87

14.96 | 14.920

CSM43| AVG

(810mm°

9.69

9.71

9.69

9.65

9.71 | 9.684

X6) MAX

12.12

12.15

1212

12.08

12.15|12.115

CSM44

(480mm’° AVG

11.96

12.00

11.96

11.92

12.00(11.959

X4 N
+610mm”

X2)

MAX

14.36 | 14.31

14.24

14.36

14.31

14.24 114.305

CSM45| AVG

(610mm’

10.87 | 10.83

10.89

10.87

10.83

10.8910.863

X6) MAX

1329113.23

13.31

13.29

13.23

13.31 | 13.276
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Table 6 Average surface gradient of phase conductor for
765 kV double circuit transmission line.

BEE X |99 4£XH| EPRIY 2 =EAA
T4 Wi JEH 2 18 FEEs
itk Al A | RS g A | A WAL
Phase A
(EEB #8) 12.538 12518 11.534
Phase C;
Phase B;
(FhfE] #8) 12.481 12.395 11.500
Phase B:
Phase C;
(FE #) 12.559 12.491 11.587
Phase A»
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Fig. 8 Average and maximum subconductor surface gradient
of phases for each mode! arrangement.
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Table 7 Maximum surface gradient of phase conductor for
765 kV double circuit transmission line.
@9 [kV/cm]
E=0 - Wik ?} AL EPRI%} 2 =FAA
T4 Y JHH 2 fi R
FHi e 4, ficsl w4 fesl A | A B
Pheseay | 14034 14.942 13942
Phase Ca
Phase B
chrd 14.866 14783 13.899
Ph(ageﬁBjﬁ :
Phase C;
CFE0 #) 14.960 14.885 13.950
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Table 8 Audible noise test results for both one-kind subcon-
ductor symmetric bundle and two-kinds subcon-
ductor symmetric bundle.

A=A 74 o

2 9):dB(A)
A1 A HkV]

. 245 | 263 | 280 | 208
OMAL | e 542 | 560 582 | 605

(480mrr X<
4+ 810 | e | 463 | 488 502 | 524

o X 2)
cSM42 | @i | 562 | 580 599 | 620

(480 mi
« g |BEEF| 471|490 | 533 | 599
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Table 9 Audible noise test results for both one—kind

subconductor symmetric bundle and two-kinds
subconductor symmetric bundle for 765 kV actual
transmission line

©9:dB(A)
ey | BS SEATH G2 wRAN 2F
A E A ATATZNH
. (CSM42) djj G v 2] (CSMA41)
Adzx
Lie]isd 52.9 51.8
FEE N 451 44.6
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