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Abstract—Recently power-line network has been proposed terminal loads (infinite and low) impedancesd(& Z ow) On

for broadband power-line communications. The netwadk
construction in most of the countries is the mixtue of overhead
and underground networks. The underground cable powr
transmission system is widely used in urban low vialge power
distribution systems. In order to access the perfenance of such
distribution systems as a low voltage broadband posv line
communication (BPLC) channel, this paper investigas the
effects of load impedance, line length and branchesn such
systems, with special emphasis to the power line taerks found
in Tanzania. From the frequency response of the trasfer
function (ratio of the received and transmitted sigals), it is seen
that position of notches and peaks in the magnitudere largely
affected (observed in the time domain responses joby the
above said network configuration and parameters. Ta
observations presented in the paper could be helpfin suitable
design of the PLC systems for a better data transfeand system
performance.

Index Terms-- load impedance, broadband power line,
transfer function, multipath, branched network,
interconnections, low voltage channel, undergroundable.

|. INTRODUCTION

the signal response based on transmission ling<sisal
The information presented in the paper could bpfakin
BPLC system design that involves buried cables.

Il. SysTEMUNDER STUDY

In general the transmission line equations thattarke
solved for voltage and currents on the line aremiby (1).
Assume that the line oriented in the x direction.

dV(x @) ;. .
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In (1) V and | are the voltage and current on ihe bnd Z
and Y are the total series impedance and shuntt&aroé of
the line. The configuration of an underground caibever
line beginning from a distribution transformer isow/n in
Fig. la and the corresponding transmission

representation for an adjacent conductor returgh@wvn in
Fig. 1b. Fig. 1c shows the cross section of a &lppower

cable that has four conductors. Thus for the cagh w

ECENTLY power-line have been proposed as afljacent conductor return the series impedance shuht

infrastructure  for  Broadband  Services,
entertainment systems, and other services in mbghe
countries. However, the network is affected in terof
channel attenuation, variable position of notchsignal
distortions, etc. In literature e.g. [1-7], theddtastic signals
attenuations, notches, etc. are due to switchingOPR of
equipments (sudden changes in loads), additiorewf lmes
or customers, etc.
For this reason in the case of buried power trassion

system working as a BPLC system, we shall study the

influence of number of branches4\N line lengths (d from
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digit&'pdmittance of the line needed for solving (1) idahg the

possible skin effect phenomena [8] of the conducioe

shown below Ajd=7(ja) +jel, and
Y(ia)=G(ja) + jwIT,.
Zi(jo)= A+BJjw (2a)
A= Ry = —— (2b)
To.r
B=_1 £ (2c)
27T g
G(jw) = 2T C,.tanp) (3a)
o= 2 (3b)
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Fig. 1a: The underground cable with adjacent comlus a return conductor
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Fig. 1c: Cross section of a typical power line ealdl conductors)

For the configuration corresponding to fig. 1g,i$ the
depth of the cable below the ground, with raditend L is
line length. The per unit length transmission lpagameters
are given by (4) for self inductance and capaciaofcthe
line [6].

L. = a
e_:uo-,ur-r (4)
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I1l. POwWERLINE CHANNEL MODEL

For a transmission line with distributed brancheg.(fig. 2)
the generalized transfer function can be repredebye(5a)
[9-16]. In (5a), N; is the total number of branches connect
at given node (e.g. see ‘node 1’ in fig. 2) andnieated in
any arbitrary load. Let n, m, MH_ . (f )and T_,
represent, any branch number, any referenced (tated)
load, number of reflections (with total of L numbef
reflections), transfer function between a givenrseupoint
(transmitter) to a referenced load termination nansmission
factor with reference to any load termination ngpestively.

With these the signal contribution factar,, at referred

node‘d’ is given by (5b), whergd, 4 is the reflection factor
at node the referred node d between limt® the referenced
load m, ,qis the propagation constant of limat referred

node ‘d’ that has line length,. All terminal reflection

factors B 4 in general are given by (5c), except at source,
where p,; = psis the source reflection factor [10]. Al&Qis

the source impedancg,is the characteristic impedance of
any terminal with source whiléand 7z, are source voltage

and load impedance respectively based on fig.2.idvithe
total number of distributed nodes (1, 2...dpM

Transmitter

Flaceiver

L ZLMTm

Fig. 2: Power line network with distributed branshe
MT L Nt
HmMT(f): |_| Z ZTLn‘damndend(f) n#m (5a)
d=IM=1n=1
—pM-1_M-1_.- 2(M-1)¢
@y = PMLoM e /nd (2(M-1)/ng) (5b)

ps d=n=1(source)
I:)Lnd = .
Plnd s otherwise

(5¢0)

In (6) hur t)is the impulse response obtained by inverse
Fourier transform of (5a).

MT L Nr
hmM-r (t) = |_| Z ZTLn‘d T hmnd (t) n#zm (6)
d=IM =1n=1

IV. INFLUENCE OFLINE LENGTH

A. Length fromtransmitter to the Receiver

We consider the power line cables used in low gelta
systems, whereby the line ABC (see fig. 3) is NABYSE
with radius (r) per conductor equal to 6.9099mme th
insulation thickness (a=1.8mm), relative permityivi,
using (4) the per unit Ilength parameters are
(L1=0.32735uH/m, &0. 27191pF/m). The branched cable
BD is NAYY35RE with radius (r) per conductor equal

.9161mm, the insulation thickness (a=1.2mm), nedat
permittivity=4, using (4) the per unit length paraters are
(L= 0.45179pH/m, & 0.19702 pF/m) [5-7]. The
characteristic impedance of the line was calculated

asZ =,/Z(jw)/Y(jow) while the propagation constant
asy=+Z(jw)Y(jw) , whereby the parameterZ(jw and
Y(jw)is as described previously. The characteristic
impedance of line AB is ¢ while the characteristic
impedance of BD is Z In fig. 3, Z=2~Z,. For sensitivity,
analysis the line length AC was varied as 1.2kmQn&0
300m and 150m, with point B always at mid pointAsE.

The branched line length (BD) was kept constaritcat and
terminated in 10Q. The transfer function was calculated by



taking the voltage ratio of point C to that of &.iusing (5).
Fig.4 (a-d) shows the transfer function relating toltages at
the load and sending end for various lengths ofwit® the
same boundary conditions at line terminations. Frig,
the peaks and notches in frequency response deanptvith
either frequency or line length. The position ofe and
notches is independent of the line length from gnaitter to
receiver. However, the attenuation is increasintineslength
and frequency increases. The effects of branchtheage
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Fig. 3: Power line network with branch
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Fig. 5: Simulation Results for Low voltage chanpiel.2km with one branch of

length (a) 10m (b) 20m (c) 30m (d) 40m.

V.

INFLUENCE OFNUMBER OFBRANCHES

A. Multiple Branches at single node

Consider the configuration in fig. 6. The line |&m@f AC is
1.2km with all branches 15m long concentrated atenB
and terminated in 1@k We vary the number of branches as
2, 4, 5 and 6 and fig. 7(a-d) shows the transfactions for
different number of branches. It is seen that therpness of
notches are decreases with increase in numberanthes at
the same node, but with further increase in numdbfer
branches there is a tilt in the notch shape leadng
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Fig. 4: Simulation Results for underground cabla 6k with one branch (a)
1.2km (b) 600m (c) 300m (d) 150m.

B. Branched Length

The configuration is same as in fig. 3; but now lgrgyth AC
is kept constant at 1.2km, while the length of BRswaried
as 10m, 20m, 30m and 40m. Point D was terminated in
10kQ. Similar investigations as done previously wergied
out using (5). The transfer function for all caselsting the
voltage at the load (¥ and launched voltage at point A is
shown in fig. 5(a-d). It is observed that the gositof notches
and peaks are case dependant (dependant on bralirohed
length). As the branched line length increases, baunof
notches increase. The attenuation in each caserigaising
with the frequency. The generalized expressiorfrémuency
position (f in MHz) of an 1" notch in terms of branched line
length (X in m) is approximately given by (7). Negt us
study the effect of number of interconnected brasch

Fig
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B. Distributed Branches

Now consider the underground cable with distribute
branches as in fig 8. The number of branches weredsed
in the link between point A and J. The length AlwWa2km
while all branches were 15m. The number of branchas
increased as 2, 5, 10 and 15 such that in eachtlvagevere
equally distributed between A and J. The termimetio/ere
each branch in any of the case was(10kig. 9(a-d) is the
transfer function for different number of branchkss seen
that the positions of deep notches are not changedhe

number of branches increase the attenuations téads
increase.
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Fig. 8: Power line low voltage network with distrted branches
(b)
0 T T T T
| | |
g - 8 5o - Vo]
c c ( | | |
= S o
I I -100F - - - - Y- - 74—+
N
150 L L | |
0 2 4 6 8 10
Frequency in MHz
©) ()
O T oo~ T T 1 O~ T AR ) T
| | | | |
| | | | | | |
D g00F - - -t dfo—ad 4 B 200 - A= - == A= = 4 A=A
c | | | | c | | | |
g R g Vo
I 200F - --m-o- -1 L 400 - - - - o- - - -
T N
-300 L L L L -600 L L L L
0 2 4 6 8 10 0 2 4 6 8 10
Frequency in MHz Frequency in MHz
Fig. 9: Simulation results for low voltage charwith distributed branches (a) 2
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Fig. 10: Simulation results for low voltage charwéh distributed branches (a)
5Q (b) 102 (c) 2@2 (d) Zo

B. High Resigtive Load

We consider the same case as in previous exampledw
with higher impedances for the load varied &500Q2,
1kQ and 10K2. Fig. 11(a-d) is transfer function. It is seen
that as the load impedance tends to be higher ¢hannel
characteristic impedance, the notches become tehe more
prominent.

The general expression for position of notches wiblen
circuit load impedance is given by (8).

f. :%2(1+2i)' 0i=012... (8)

Next let us see the influence of load impedance, length
and branches on the channel capacity of the unolengr
cable.

VI.

A. Low Resistive Load

We now consider the effects of load impedances. [dhe
impedances at point D in fig. 3 were varied & 502, 20Q
and characteristic impedance. The length of AC2&rh and
BD is 15m. Fig. 10(a-d) is a transfer function &k cases. It
is seen that as the load impedance increases t®w:

INFLUENCE OFLOAD IMPEDANCE

characteristic impedance the notches tend to ingarov
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Fig. 11: Transfer function Response for low voltaannel with distributed
branches (a)3Q (b) 10Q2 (c) 1kQ (d) 10k2

VII.

CONCLUSION

For underground low voltage cable channel the jositf
notches in frequency response do not vary with eeith
transmitted source frequency or direct line or lilgkgth
connecting the transmitting and receiving ends. &l@w the



signal attenuation increases as link length andufacy [
increases. Additionally the distortion increasesiiich a way
that the signal tend to lose its original shapee Pbsition of [6]
notches is case dependant, i.e. dependant on nuofber
branches, branched line length and terminal impesson
those branches

As the branched line length increases, number tihes
increase. The signal distortions also increase. Shtagpness [g]
of notches are decreasing with increase in number o
branches at the same node, but with further inereas g
number of branches there is a tilt in the notchpshaading
to a reduction in attenuation. The increasing numdke
branches at the same node causes the receivedssigrize
more attenuated and distorted. As the number dfilolited
branches in the link between the sending and riecgpiends
increase the attenuations tends to increase in guolnner
that there could be a reduction in the availabledeadth.
The reason could be due to the successive reftefitoon the
distributed branches.

As the terminal impedances on the branches increase
line characteristic impedance, the notches tendmfrove [13]
and both signal attenuation and distortions tenekdoice. As
the load impedance is increased beyond correspgritie
characteristic impedance, the notches tend to bee mp4]
prominent and both signal attenuation and distostio
improves further. It can be concluded that the tidapneans
is appropriate to be able to communicate appragyiand
equalizers is needed to overcome signal distortioaddition
for underground cables a number of repeaters ardedlefor
feasible communication.
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