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Abstract

In this paper, impedance characteristics of overhead medium-voltage (MV) power line for power line communication
(PLC) is analyzed. For analysis, a two-port equivalent network model of MV power lines is derived. By applying the
equivalent model and basic transmission line theory, input impedance at the signal induction part is calculated. And also
calculated input impedance of power line itself that the medium voltage coupler and coaxial cable effect are removed. For
verification, impedance of power lines is measured at a test field for an MV PLC. The results show that impedance of
MV power line itself is between 200 9 and 300 @ and converges to a half of their characteristic impedance with increasing
frequency. And also measured data is very similar to calculated data.

Keywords : Powerline communication(PLC), Input impedance, Medium-voltage power line
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Table 1. ACSR-OC Medium-voltage power line.
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Fig. 1. (a) Cross sectional view of ACSR-OC Cable,

. (b) Equivalent hollow conductor model.
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Fig. 3. Medium-voltage power line model over the
ground plane by image theory.
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AsA He BEAMY x & a,7,6,6,0,7,8,8
gt a9, AyR Y FE 479 JAE&F @2
a,,f,0% «,7,8,6 R 7,76,0 & A BEd
Mo BREFe AE 234 AL @ 2,
ac/ = A, (y), oy, = A (y), yrv = A3(y),
af=af =78 ==Ly Yy=A,y),& ¥
o HA AALFS 2 2ol duFANA Yerd
+ g

+m dy

C=a) I

e A )+ A () +

4L ©

a9 6.2 AN FF £ o8 KA 29
9 B4 24y A5H2 AAEFS AANF ¢, 2
299 FAAY FAE WANAZY 29 39 20]
o ageERE f435 A% fAA FA% 37
5% SA 34 AR =5} o Bol 139
o= a8 FAEF gol FHgE ¢ 4 Ak 41
AT €, 0ps FAA EAG W BAEF G,
FAAE EANA @ W AREF C,F o8 o
23 2ol Aac

67',eff = Cd/az (4)

o

a9 7. & f33T 2 FEA FA ¥se] uE
FEFASS #E depdd. o] =3 F4A FA7)
57t &5 f &2 vl & (Effective filling fraction) ©]
S7¥t7] wEel gtol FHEE ¢ 4 Atk

o HHM R YmHA §Y Hez 9

o

3. X X|He RE4ds ¥ EHES 1HHY
me| Mzutetn|H

AA AW AojA 7F3F PEC 7} ofd 78 E =
A&e Zu 9F @Y AN =28 tevh wHA
olm|Ajo] gl <t #Ao] opd B} HEF 30| &
23tt), @A71A) Carson, King 50| ©)2g EA4ol o
& HE WES A sen, o F & AA9 Fug
g9 2 o8 7k A REEHL P g A
P4 ANG King o WHEe gz e 4
A AEE nHIA HA AA A o A9l H=
AMEE AAEFE Wt QAT JAYE2zY A¢
Aol PECS A4 Hlgl A& (Flux) o ¥3hFo)
A7) Qo] AW AA Y AHA2E uFHFoloF &
of welq @9 do] 3 ¥E o=nEaE g 2
o] Axg 4 il

6.75

6.70

8

Capacitance [pF]
o o
& 8

o
2

645 L 1 1 i 1
0.0 05 10 15 20 25 30

a8 6. =:EE R A ¥ FAlel Wl
w2 Mg

Fig. 6. Capacitance by change of dielectric constant
and thickness of coated dielectric material.

Effective dielectric constant

0.0 05 1.0 15 20 25 30
Dielectric thickness [mm}

a8l 7. IEE S A ¥ Fre #slo
£ FERMYE

Fig. 7. FEffective dielectric constant by change of

dielectric constant and thickness of coated
dielectric material.



20054 118 MXA3es =X A 42 A TC

Y=jwC,= —’——21—11”(“’7‘;'/%— [S/m] 5)

A le

—_—

2 A Judst golA M #
L ojulxol g <3 AN A

r_VE l:kl
&

R

A
se _

Z=R,+jo(L,+L,)

, (6)
= Rse+jw(% In (2h/R)+L,) [2/m]

NN L, ¥ psl2m 2 FALH ok
koh= N wpy(jo,+ weye,,) o 2719 wEA o
27 Aitd. Ao X339 2% Bessel@o @
A wEolth o7)A kB AWM B4E YEh
W, bz AAF Fo|, o, & AW EAE, €, = A
A FAYS 7 e o]2RE k<1 4 9

N

o].E_

Azz{L_ K,\(4) | jx(A)
A? A 24
__im Ay 2
x| EGa- L)
=2{L_ K\(4) | jxl(A)
A? A 24
A A A5
3t 99225 ]} @)

[e]

T

AN A=2kh olx
Bessel¥<7, K,

I,
FRA 15 2 &
2 13 2% Besseld

49 13 1%
Bessel&%, E,
g vehdth oz ki>1

L.

U &t e 2ol T,
_ 2 2 13 45
a=Fr+B{1+ GAYL ™ GAY T TGAy ®
st ) AR G)
(FA)® A

sz AYA B4 dze) B4
2E vhgn o] Adr,

ky=V —ZY
Z,=VZ]Y [ ]

2 S4499d

L& o183 o83} 2ol ﬂl*&%

(791)

HANSE 7
18
sk e
E 14 - ------
z
2 12 e
E s,g=5, cg—ll)
10} g = =10"
g &,=5, o=10
gost T | §,=5, o=10"
=
£ o6} ]
- I T
go4f . __---"7
k-] bl -7
< o2 -7
', -
00 1L 1 1 1 n 1 L L
0 5 10 16 20 25 30 35 40
Frequency [MHz]
a8 8 e,=5 Y O XN M| Walol oz
A
Fig. 8. Atienuation constant by change of ground
conductivity when €,,=5.
M
w2k T
5 )
CRT]E , 6=10
A 1
g | ---¢g=10, c=10
‘g osf | e g,=10, o =10’
g
S 06} .
eSS
] -
S 04t e
] -
s L - -
Zo2ff -7
It -~
7
0.0 i 1 1 1 L 1 1 - 1
0 5 10 15 20 25 30 35 40
Frequency [MHz]|
a3 9 6,=10 ¢ o XH ZHES HE| o #
M Ak
Fig. 9. Attenuation constant by change of ground
conductivity when ¢,,=10.
a9l wEhA ghe] WEFo] Y& Aotk F HHA

S 5~15 4L 10°~1072 S/m ARY &
Hdvn deA ok wE SA857t 242 5, 10,
15 o]a EAgo] 10°,107,107% S/m o @ AxA
e vyt $5 +A35E 299 FAA9 &
AN%7E 23 olm 77 3 mm o W) ghel 10327
2 AR, AAF Eo] h=13 m, AFA EAo)

/\1_

=
=

A& R=485 mm & AAsATt 18 8 & AHY {F
AdFES = 3'_7513}1 SALS WA AT A

serk Z7keka AW R
&0l FHgE ¢ F 9k 2

9 $28471 10,15 Q W Av 24
I

=] A~
ZLETE Z éﬂ’“



72 HAMENS AR 1Y WEHMEY YTHA §Y HE 9
e 516
------------ s14 i —_— =10’
— 10 % Pt o “Ii &,=10, =10
E o £m=15, cg=10 5131 - srg=10, o-gglo-l
% 08| e - - - 8,715 010" seft e &,~10, o=10"
— 1’ ------- =] =] 2 H .
T | y &;~15, o~10 g sif
g L - Nsol %
1 ':' """"" g ! ‘\s
g ol ". PP & 509..\\ ..
- A s
e oal) -~ - 507 !;- e e -
< R
r/ ’ 506 i Il — 1 1l Il 1 1
0.0 Lo . PSR TN 0 5 10 15 20 25 30 35 40
0 5 10 15 20 25 30 3 40 , Frequency [MHz] ~
Frequency [MHz]
I8 12 ¢,=10 ¢ XH X9 Ml i
2 = o XMeo| 3 2 7 "
a7 10, e,=15 & o XH THge| Wl wE A sMoTEHA
Al N . ‘.
- :{té"' y et by ch f g Fig. - 12. Characteristic impedance by change of ground
. A nuation - n Cl I -
9 © ua.o. consial Y _cnange ol groun conductivity when - &, = 10.
conductivity when &,,=15.
' 515
515 L
+ 514 4 <n?
H \ g =15, c=~10
514 ! s'g=5’ G!=10 513 i ) , ® ] .
H H - = -g_ =15, a=10
5131 ~ - - §,;=5, a=10" : WA
! IR sizpt . | e &,=15, =10’
s2fy e £,~5, a=10 g + ' . X
\ 51|
g- LN 3 Hy
N Noswo} Y
N s} 3_p
[} 1 Y
& 509 14 o 3 _\\ .
., .
507 | e - e :-:--':-_..:.‘:.-;"_"_".‘.';";-:_--_ o7 T e e S amee
m e | 1 1 L 3 1 Il
1 e, 1 - i L i e i i R
) 5 10 15 20 2 30 35 40 ° 5 s v ® s % x4
Frequency [MHz] quency | 1
a8 1. e,=5 Y0 N THB watol mE sy ¥ 1B e, =15 o O XY SHE wstol HE
Qlm| e A EMdojmEA
Fig. 11. Characteristic impedance by change of ground  Fig. 13. Characteristic impedance by change of ground

conductivity when &,,=5.

o WAt Fhse A ¢ 4 dlek 39 810,
czRE AW FANF ol It 85E FAYS &
& PS5 9

£ Ao £ HaFE BAAS ol F
lete olfe Awol $AM/EAPEC) 7t ok
HEd g4 Woz AgHE AW AAe ARl
2437 Wit 17 11-13. & $A4S 2 A9
TAge W3l M 54YNRaY SRR A
3 Azl AR =g 2SS AU
EASe ARl FUHs] Wi S4YHE2 E
@ Z48e & 5 Yk B3 TR0 FAEE A
o) #3444 BgelA Awo] PEC B ZHstel of
nA ol&g Hgste] ANG AR 507 Q o2 5

N

(%)

conductivity when €,,=15.

e ¢ & Ak 2AT KA FALES 54
LA ool F7pol whet AW o AFF &

2 FEge ¢ 5 Yo

II. ®=M 84 AILHEo o umEA

1. MM SN NAHS 453 29

29 14 @F gAAS $Ae A4s A" B
Nz"e FAEelth Rz A 1Y AT
g&e BAsy] g8 AgdY 1 ASY Aol

COS (Cut-Off Switch) 7} EA@dth 2% AFHG 2
Witele BQ FEANER Ad€H. AHUEA ¢

T e

29 oo Fr7iEds vehid 29 14 (b) ¢ 2



20059 118 TXSs =X A 42 H TC H

Port1 Port I
®)
38 14 (@) M SA A|AH”Hel RME () 2 ZE
7t=4.

Fig. 14. (a) A schematic configuration of PLC system.

(b) 2 port equivalent model.
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