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Abstract

In this paper, the investigation of characteristic impedance on low voltage distribution system is described.
The residential area of LV distribution systems is researched for the modeling. At frequency range from
1IMHz to 30Mhz, the input characteristic impedances of low-voltage distribution network are obtained with
experiments. The low-voltage distribution system based on the model is built at the laboratory building. S
parameters are measured by performing experiments. Finally, the characteristic impedances are reported

1. Introduction

As the IT industry growth, commmunication systemns
improve rapidly and it is applied to other industry in
the world. The power system is not exceptional. For
utility demands, the high speed communication
systems provide AMR(Automatic Metering Reading),
DAS(Distribution Automation System), etc., with less
expense. For customer demands, home automation
security, internet, etc., are offered at low cost [1], [2].
For these reasons, PLC(power line communication) is
one of the most accomplished communication system.

There are many advantages of PLC. High or
middle-voltage power supply networks can be utilized
to connect a longer distance to avert building an
extra infrastructure. Low-voltage supply networks are
available worldwide in a very large number of
households.

However, there are difficulties to be a high speed
communication. The power system is not designed
for communications. Accordingly,
characteristics of power line channels are not
favorable for data transfer. Definitely, studies for the
transmission  characteristics are necessary to
understand PLC. In advance, LV distribution system
must be investigated at transmission frequency band.
Charles in [3] the experimental

the transmission

performs on

investigation of influence of high frequency signal
attenuation on the load in the house and the building.
In the aim to analyze a distribution network in high
frequency range some methods are carred out [4],
[5]. However, above these papers do not investigate
the characterisic impedance of low-voltage
distribution systems with an experiment or a
simulation. Young-Jin in [6] finds the average
characteristic impedance of low-voltage distribution
networks but it is limited to only home network.

The main contents of this paper consist of three
parts and the each part is summarized as follows.
Section 2.1 defines the basic concept of PLC. The
Classification of low-voltage distribution system is
reported. Finally, the model of LV distribution system
is described. In section 2.2 and 2.3, the experimental
tests of distribution
performed with Network Analyzer 8712ES. The
condition of test is in detal. Consequently, the
characteristic impedances of low-voltage distribution

low-voltage system are

system are found.

In this paper, at frequency range from 1IMHz to
30MHz, the characteristic impedances are investigated
by performing the test based on. the model of
low-voltage distribution system between the pole
transformer and a consumer.

_78_



2. Modeling of LV Distribution
System

2.1. Distribution Network

Low-voltage supply networks directly connect
the end customers in a very large number of
households worldwide. In the residential area,
the number of the customer is depends on a
capacity of pole transformers. Also, there are
different types of transformer connection. Those
affect the configuration of low-voltage
distribution networks Fig.l shows
typical low-voltage distribution networks in
Korea. The low-voltage distribution network is
tree system. From the general low-voltage
distribution network, - only

greatly.

one customer is

chosen and the configuration is described in
detail. :

154KV

Fig. 1. General Distribution System

2.2 Configuration of LV Distribution

System

PLC access network can be realized to include
a whole low-voltage power supply network or
to include only a part of a supply network. To
reduce the number of users per PLC system

and the network length, it is possible to divide
the low-voltage network into several parts [7].
The basic unit of communication is shown in
Fig.2 The elements of low-voltage distribution
networks are reported in Fig.2.
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Fig. 2. Model of Distribution Sysem

At the pole transformer, the 100 mm® diameter

wire is used to be connected. The wire length

is 2m. The 38 mm’diameter wire is 100m
length. There is the power fuse between the
main wire and the drop wire. The Drop wire is
15m length. The interior wire is 10m length of

CV55mm*, The watt-hour meter is also
connected to low-voltage distribution line.
2.3 Equipment Set and Test

Condition

In this thesis, at frequency range from 1MHz to
30MHz, the measured with
Network Analyzer 8712ES from the pole transformer
and the what-hour meter which is located at an
Fig3
configuration. For the test, the

S parameters are

entrance of the house. shows the test of
condition and
low-voltage distribution is built at the laboratory

building.

Fig. 3. Test Bad

loads. The
table.1 shows the different connection of loads. The

test with various

We perform the

loads are all household goods.
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Table 1. Test of Load difference

Test Load
1 empty
2 A
3 A+B
4 A+B+C

The first test is that S parameters are
measured with no load. The second test is that
the parameters are measured with load type A
which is a hitter, the third test is with load
type A and B. B is a refrigerator. The last test
is that the parameters are found with A, B, and
C type all connected.

2.4 Results of Test

From the tests, All S parameters are measured
with Network Analyzer.

Magnitude (decibels)

Rt
Freq (MHz}

(b)

Magnitude {decibeis)

(d

Fig. 4. Syparameters from the test

In Figd4, (a) is Spwith on load, (b) is wiith
load A, (c) is with load A and B, (d) is with
A, B, and C loads. As the results of test, Sy is
largely affected by the especially
frequency range at IMHz “15MHz.

loads

250

200

Fig. 5. Impedance from test results

In TFigh, the characteristic impedances are
obtained from frequency range 1MHz to 30MHz.
Fig.b shows the with
frequencies. Fig.9 calculation  the

condition of full load and From the results, the

impedance various

shows

impedance is fluctuated by load variation.
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3. Conclusion

For PLC, the characteristic impedance
distribution system is one of the most important
matters. From the

in a

point of view for
communication, the attenuation characteristic of
the HF signals is greatly caused by impedance
mismatch. Therefore this paper investigates the
characterisﬁc impedance in order to analyze the
attenuation characteristic of HF signals in the
low voltage distribution system. For evaluation
of the characteristic impedance, the modeling of
the low voltage distribution system is proposed.
For modeling, the general distribution system is
researched. The components and line structure
are accurately described. Moreover,
low-voltage

on the
system model, the
experimental tests are performed.

distribution

The important results of this
summarized as follows:

paper are

1) For PLC, the modeling of low voltage
distribution system is described in the section
between the pole transformer and the consumer.
In the residential area, the typical Korean low
voltage distribution system is applied to the
modeling.

2) The experimental set-up of the low-voltage
distribution system model is  built atthe
laboratory building yard. S parameters and
reflection coefficients are examined by using
network analyzer. From the results of test, the
characteristic impedance of the model is found

It is expected that the low voltage distribution
system model could be used as a primary model
to analyze more diverse and complex
In addition, the obtained

characteristic impedance of the system from the

distribution system.

tests is essential information for improving the
channel condition. It is worthwhile to provide
the characteristic impedance of broad-band in
the distribution system for the better PLC
channel condition.
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