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A Study on the Assessment of Electrical
Environmental Characteristic to Decide an Optimal
Bundle Type for HVDC Overhead Transmission Lines

by Mun-No, Ju

Department of Electrical & Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

Corona characteristic of conductors depends on the electric field conditions
in the immediate vicinity of the conductors. For high voltage direct current
transmission lines, in particular, the space charge plays an important role in
the electric field distribution. Therefore, the HVDC transmission line
conductor configuration needs to consider corona interferences such as radio
noise, audible noise and television noise in its design. In addition, the
transmission line design requires data that estimate the corona performance
of any set of conductors. This paper first presents the design and
construction of DC power supply, measurement system and data
acquisition system to carry out the corona cage simulation and then
shows the corona cage test results for three types of conductors. The DC

corona cage was longitudinally divided into five equal lengths, and three

= vii -



inner sections were isolated from the outer cage ground to measure radio
noise and corona current. The research measured the following: radio noise,
corona current, television noise, audible noise, ion current density and
meteorological conditions. The radio noise and corona current measuring
circuits were installed between the outer and inner sections of the cage, and
then calibration experiments and cage simulations were conducted. Since
television noise has high frequencies 75 MHz, an antenna pick-up system has
been selected to measure the television noise. The audible noise was
measured by a conventional method, which measures the noise level with a
microphone attached to the cage. The ion current density was measured by a
plate electrode manufactured from a metal flat board. To obtain a satisfactory
set of conductor design data, it is necessary to examine corona test results
on a large number of conductor geometries. Therefore, a number of
experiments were conducted on several bundle types. To reliably analyze
corona discharge phenomenon, corona cage test data were obtained over a
long period of time, under various weather conditions, and expressed as a
statistical distribution. In conclusion, it is quite clear from test results that
conductor geometries play an important role in establishing the magnitude of
corona noise. Based on this result, we determined the environmentally
friendly conductor bundle type for HVDC +500kV overhead transmission

line.
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Table 2.1 HVDC system condition of NORDEL countries
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2.1.2 CROSS-CHANNEL(II) HVDC SYSTEM
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Fig. 2.1 HVDC transmission interconnection network of Northern Europe
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Table 2.2 Principal prospect scenario of "Russia ~ North Korea ~
South Korea” system interconnection

H 7 o] 7 o} & O E A H iRl 88 A A3
= M2 oo | B rrwnan| T8 e | PE | o
[GW] R TR | B [ F] °
A
g u) g8 7}
1| ROK~DPRK| - | /345 | - - 0.85 - -
> 22,01
RFE (Uchur 6
Hydro) ~NEC }
3
2 | (Shenyang) |3500| 500 | 385 17 45 (UCE‘HS 105 23;47 ;
~ROK Hydro) )
(Seoul) Y
RFE (Uchur
Hydro) ~DPR
7 A
; K 900 | o | 4 ) ) K Al A
(Pyungyang) | 250 8 A
~ROK
(Seoul)
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Table 2.3 Present world situation of +500kV DC transmission project

. HVDC Year Power DC Line &/Or ,
Project . o i Location
Supplier | Commissioned | Rating(MW) | Voltage(kV) | Cable(kM)
Mocambique
Cohora Bassa J 1978 1920 +533 1414 e
-So.Africa™
. J 1978 900 +£250 930 Canada, <21
Nelson River II §
1800 +500 g 21>
Inga-Shaba 1982 560 +500 1700 Zaire
Pac Intertie Upgrade .
" 1984 2000 +500 1362 US.A
Intermountain 1986 1920 +500 784 US.A
| B+G 1989 600 500 1000 .
Gezhouba-Shanghai China
1990 1200 +500
PAC Interitie 558
. B 1989 1100 +500 1362B-B | U.S.A.
Expension
. . AB 1991 750 500 910 .
Rihand-Delhi India
1991 1500 +500
Chandrapur-Padghe| AB 1998 est 1500 +500 900 India
KII Channel HVDC 2000 est 1400 +250 102 I
Link 2800 +500 apan
Tian-Guang G 2000 est 1800 +500 960 China
Norway
Norned 2001 est 600 500 600
—Netherlands
Talcher Bangalore 2002 est 2000 +500 1200 India
Three Goreges I 2002 est 3000 500 - China
Three Goreges II 2007 est 3000 +500 China
Sarawak-Mal
Bakun AB 2003 est 2130 3x£500 1335 .
aysia
Norway-Ger
Eurocable 2002 est 600 500 600
many

+) A - ASEA, B - Brown Boveri, G - Siemans, ] - HVDC W.G.
(AEG, BBC, Siemens)
§ 2000 MW in Winter

88

Out of service 1994.
§88§ Out of service Oct.1993 to Nov. 1995.
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Table 2.4 Conductor allowed current (JCS 374A)

S

A4

24

T
it

i

71 40C, &% 5m/sec, YA 0.1 W/en, WAFF 0.9,

T3+ 60 Hz

160 (mr)
240 (mr)
410(m')
480(mr')
610(mr)
810(mir)

) =21

in

%

o)

[e)

T

wul

=

+500kV, 2.8 GW

_12_

Y

—

A
2ol AAHAAA B szl 7

'?,’I

Jd= 51 dE Anan-Kihoku
H
=

o Ao #7] 2
A8 Gradient 5.9

o,
B 1502 A

810 mm® x 4 Bo] t}.

1

3
i

k)

23 =244 A9

ol

-
R
=1



el

s

A7} Ay

2, At dzep AojA

o =

m

_H_

k3|
=

o))
o

)

—_
o

A=k

<

—~
fite)

o
M

)A

2B

.
sk,
H

15

ksl
R

A=
ZFol A 6x480 mm®

ol M A=
+500kV=
T
21

|

ol o
R

H
5B °]4, 810 mm

T
Al
-

-

H}

T A

Aol
o]

o Al 480 mm®

}

o
yad

20% =, £400kV ~ +£600kV7}

A Alvkel o) AAH

Fel
+
sol 7

[}

S

of Al

+ 500 kV

1
T

Alo) Aol A B2} 4

25
7} 4x810 mm®

3T
It

o

5

B

H

_13_



% 25 +500kVAE&AE AAZE & I2Y Alolx| A7kt
Table 2.5 DC cage applied voltage to simulate the conductor surface
gradient of +500kV commercial transmission line

500kV &A=z A8 AAZE| 22 AojA A7bAY
A2
[kV/cm] [kV]
6x480(C) mm” 16.83kV/cm 301.5
4x810 mm” 17.77 kV/cm 314.2
6x810 mm® 13.77 kV/cm 293.9
T 26 TREANAE 32} Aojx A7 AFAL

Table 2.6 Applied voltage by candidate conductor bundle at cage

AgAA

[kV/em]l 151 14 [ 16 | 18 | 20 [ 22 | 24 | 26 | 28 | 30

6x480 mm’ 215 | 251 | 287 | 322 | 358 | 394 | 430 | 466 | 501 | 538

4x810 mm’ 212 | 248 | 283 | 319 | 354 | 389 | 424 | 460 | 495 | 530

6x810 mm’ 256 | 299 | 342 | 384 | 470 | 512 | 555
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Table 3.1 Environmental interferences from HV transmission lines
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Table 3.3 Summary of state noise limits in residential area

R iRt
T N e
Colorado 55 50
New Jersey 65 50 Octave band level
55 45 T A o
linois 55 45 FdA4
61 51 T HA A
Oregon - 42 ZAANA BPA Ls A A
Washington =XA V=
Ohio
Virginia 37 A HE AR
W-Virginia
Montana 50 FAA AN &4 AAL 71F Lan)
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o A Az tig 2AAT 7 84 A7) mEol, AAE
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dgele] e dre s aral= WEA] Wt (regulation), 114
o] A (recommendation value) 2 & 3|ALe] A A E F A (design
guide) 5o & T2 F Uth  #HH L WF FAFHY HUMAFE A
B4 #Ze 2z o) FSH el SNR(signal-to—noise ratio)= AF&3}H,
el 2 7BE] FHARE e Fe AAEEA d3e oot ¢
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Table 3.6 CSA standard for radio interference in fair weather
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Table 3.8 Standards related to the measurement of radio interference
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® 39 3% 765kV FHRAZ YL F AAEEA
Table 3.9 Radio noise design guide of KEPCO 765kV transmission line
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Ve=3 & A o ‘ C=Cs+C,

a9 42 WAAFHRe] 2999
Fig. 4.2 Output waveform of half-wave rectification circuit
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Fig. 4.3 Voltage double and voltage triple rectification circuit
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Table 4.1 Design specification of DC power supply equipment

AL
F v A4 o rAdRdR ] £ | M
[e Jre]
(mm) (kg)
WA 4 | DC 300kV, 390 nF 7,500 500
ZHAEEdA | 2 | DC 300kV, 390 nF 7,500 500
o=
j_j% A7 4 | 600KkV, 200 mA 7,500 400 %%ﬁ@‘l‘i
7l | Damping 43| 2 | 4k - 35
HV &4A3 | 2 | 300MQ 7550 300 Fe=dd
Basic frame | 2 1,000
AC/DC A LA 2
HAZA 2
o AFHAY =4
_ o + — Aolzlo] & 8x
J ) 1w H o oI
A A Lle A mia 2 sdgt s
o AFSA, AJAFHE
- HV terminal + HV terminal
Damping resistor
Rectifier
S wmit 28

Doubling rb

Capacitor

[ 1
-

_Smoothing
Capacitor

Rectifier
AN Cowit 28 ==
Smoothing
3 g Capacitor
= Existing

19 45 DC A

AC test Transformer

AAdni ek AC A8 W]

voltage
divider

Fig. 45 DC power equipment and AC test transformer
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Fig. 46 Measurement system and control flow chart for DC test
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Fig. 4.7 Plane figure of DC test equipment 200 mA /600 kV
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Table 4.2 Capacitance per unit length among candidate bundle types
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Fig. 417 Flowchart of DC radio noise measuring method at corona cage
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o)A Wy Fel 1Y 4195k ol FRATL WA o] o] LAFAEE

2R3 9t J3e A= JFEARE 22 08meoln HJAFo R o)E

o0 Gain: x20 ~ x1000

o Attenuation: 100

O Qutput: DC £10V, £15 mA

o Frequency Response: DC ~ 100 kHz
o Noise: 1uV w7k

o Filter: Cut-off 50 Hz ~ 50 kHz

o Operating Temperature: 0 ~ 50T
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Fig. 419 Measuring plane electrode for ion current density

_61_



A" = EFFECTIVE AREA

L

J//

|
T

|

A= AREA
J = 10N CURREENT DENSITY
E = ELECTRIC FIELD

-

l

;

FLATE

=

i

Fig. 420 Plane electrode for measuring ion current
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Fig. 421 Displacement current compensation
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Fig. 4.22 Diagram of calibration for plane electrode
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T 43 7NAeAx ASFAY ALY
Table 4.3 System specification for measuring weather condition

A a7 AL %k
oF AW 1 2% -40~+120°C, F% 0~100 %
f o8 geat 1 5:+/-01°C, FX= +/-1%RH
:i oZ&#At% ' 0~10 Full Scale Analog out
;; oMY : 95. 155 VDC, 20 mA
oA AA : IFvyE EAAY
oztA WX Ad
OSAHL 0 4360 °
- osdE : 56 °
Z‘i 07]E%FS 1 < 04m/s
. 0 AFRE | 50 155°C
oM 95 . 155 VDC, 20 mA
o ®A AA : &FFHH ZHAY
o EMC : EN 50081-1, EN 50082-1
oA W Fd W
oZAH9: 04 .. T5m/s
odl4d%=: 1 Hz ~ 01m/s
_ o7g 44 1 20m
f‘ 07]EFE 1 < 05m/s
; oZEF2% . 50 .. +55°C
oM 195 . 155 VDC, 20 mA
oEA AA  GFvE ZHAE
o A ' A
oEMC : EN 50081-1, EN 50082-1
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a9 423 7148 A AL V1A Tower
Fig. 4.23 Meteorological tower for measuring weather condition
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Fig. 424 Equivalent circuit of cage and power equipment
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a9 425 AYEF Z28%9 A8 Blocking Coil
Fig. 4.25 Blocking coil for trapping unwanted noises from power supply
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Dipole
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IZLIER oledse

A £ B CHDAS
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GPIB N GPIB
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Sound Noise
JARA Analyzer I

258

DC &R

| so=s | 4435 Front-END

b y .
DAQ RS232C | [ ¥ (st ELL
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19 426 PC-Based DAS 7l AA=
Fig. 426 Diagram of PC-Based DAS

(1) GPIB &4l

GPIB &A1& at7] $1siA= ¢4 PCel GPIB Card 3 Aol Eo] 3

AR

of 3 tA} &Anjol= GPIB Port7b 9lojoF @t} 3k GPIB Cardell 3l

gate metoluzh PCl AAHo] glojop @tk ¥ AwelAE 1oy

(¢

?1o]Ql LabViewz ASH| o] =etolv S 7dste] Anjete] FA&
Ao AbgE TS ded 2k
o PCI-GPIB Card
* High-performance GPIB plug-in and external controllers
« 8 Mbytes/s maximum transfer rates with PCI and HS488

Reduced development time using industry-standard NI-488.2

software
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e Large assortment of GPIB support and accessory products
* GPIB solutions for OEMs

o GPIB Cable
* Very flexible system
* High—quality shielded GPIB cabling to meet your system needs
* Optional rack-mount Kkits available

* Cable adapters

(2) DAQ 3t=4l°f

ARl DAQ Al&=®dE 37HA fa o 7|22l st=do] =
g EE AolE % DAQ DeviceZt 2831tk Huld 852 23 E A4
&t7] f1gk AAE A, dAeke] dddatel DAQ Deviceell 7o]&
= d4ds7] 9% AYEHE 4%t DAQ Devicew AEE Faib7]
el /O AYE, H3FH O g #eol= 32 3l AAZF A ="(RTSD S
2 TAEY /O AYEE 437 DAQ DeviceZ E°17F1 Ug 5 3l
EE5 e 7S AT /O AY9EH A = Devicedl wel ¥ (pin)57F
o2, AolE9 #%L /O AYEHY AAsty e %L Hud 55
of A%} AFE /O e Hol A 32 DAQ Devicedt HFH 7tol

5

Aust 459 AE% @k A7 A9 EFRTSD busi
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& thgt 2

o NI PCI-6013
8 digital I/O lines; two 24-bit counters; digital triggering
Basic functionality for simple applications or OEM products
Superior integration - LabVIEW, CVI, and Measurement Studio
for Visual Basic and
FREE award-winning global services and support
NI-DAQ Measurement Services to simplify configuration and

measurements

o CB-68LP
Low-cost accessory with 68 screw terminals for easily
connecting to 68—pin DAQ devices
Metal standoff feet for use on a desktop or mounting on a
custom panel

Vertical mounted 68-pin connector

Dimensions: 7.6 by 16.2 cm (3.0 by 6.4 in.)

o R6868
68-pin connector on each end
1 m length
Download datasheet for compatibility charts, more detailed

descriptions, and ordering information
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A5 Zz AolA RN ZEaH (AP ¥ mode)
Fig. 4.27 DC Corona cage simulation program (mode to input testing condition)
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Fig. 428 Window to set menu of measuring instrument
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A 795Y
=R A 483
NgzA e F 39
ARZACAY, F4): +500kV
71Eh WA S F
Time RI | TVI| AN | CC |Tem.|Hum.|W.V.| W.D.
1 2005 /7 /5 /19 :23:24|127 | 126 | 581 |0.751| 28 57 0 310
2 12005/7/5/19:23:34|128 | 127 | 480 | 1.46 | 28 57 0 218
3 12005/7/5/19:23:44|127 | 126 | 455 |2.063| 28 57 0 252
4 [2005/7/5/19:23:54|127 | 126 | 46.8 |2.452| 28 57 0 243
5 2005 /7 /5/19 :24 4 | 126 | 128 | 458 |2.308| 28 57 5 232
6 |2005/7/5/19:24:14 | 126 | 126 | 56.3 |2.445| 28 57 2 199
7 12005/7/5/19:24:24|127 | 126 | 582 |2573| 28 60 1 221
8 2005/ 7/5/19:24 :34 (126|127 | 461 | 264 | 28 85 2 210
a9 430 ARENE o HF A
Fig. 4.30 Final saved file after synchronization
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I 44 dolgHol A FAAY 2O AP i
Table 4.4 The items for DB processing program

23] - xy
200 Aere 5w EEE o
FOS e |e ANk, Aadk 24k TAEERE, H0]

Raw data B &+
FEZA A8 [ I BAATE T told ¥ F&
S gy FA2|lefaZzd A B CE and Bt or XU =E
2 data A4 Agh, Aag, TN, FARE %
e |[ex|e SR B Wzt Jdaied e o
g | #E 8 g @ 429 Aug, Axq 0 FHRE
AR [ga] % 2 HolE & EE E
o | & Raw [—leddd A3} Yol Wt gas us | o
data | %] me e Fe HHFHH 78 Text
. |ex |3 AN FE HolH ¥ 7= 2]
A | gazx |TF| . -
o | 5 "= A, B, CE and B or 2722 A&3 V)
T age |BE| ¥8s ws e dHe gl Hug,
P Hagh, 0%, FHEE % 2 doly &
‘;];O wop| @ TEEA A B CS and Ei or 2HOR
» e [P Agsia gde AR87e) os Jlda
- 4 Wgd ge YL e A4 78

19 432
Fig. 4.32
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Picture of DC corona cage DAS
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Fig. 54 Comparison of excitation function p between fair weather
and heavy rain (4x810 mm?)
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A2 HAF 1.9 3.9 2.9 ,
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o] LAFYUL 22.7 464 2989 ,
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IR 22(P1) 43.7 43.8 42.1 ,
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