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Abstract—A DC micro-grid distribution system isdescribed
inthispaper. A number of DC/DC convertersareconnected in
parallel in the samepower distribution lineand a server PC is
programmed to generate a carrier in high frequency with
modulated signal to regulate each power converter. Experi-
mental results have confirmed that the method can be used to
regulate Buck converter successfully and the address and data
signals of each converter can be controlled.

|. INTRODUCTION

AC distribution was a conventional method because the AC
transformer can be used to convert voltage easily. With the
rapid development of power electronics, DC voltage trans-
formation can now be achieved easily. Theefficiency of DC
transformation is also very high, aound 90 to 97%. Also
most of the digital and modern equipment requires DC.

These includes

Motor drives— DC, which is currently obtained from
rectification of AC power, drivesthe inverter.

Electronic ballast — driven by DC for the resonance
circuit of the electronic ballast.

Audio and video equipment. They require low volt-
age DC for the audio and video electronics

CRTs: require high voltage DC voltage

Lighting: Besides electronic balast, the conven-
tiona incandescent lamp can also be powered by DC

PLC: power line communication can be performed
easily by DC distribution and the performance is
much better than that of AC PLC.

Direct use of direct current has several advantages for dis-
tribution networks. DC distribution links can directly supply
power to digital devices on customer’ s site, and connect
distributed generation systems to the grid without the need
for DC/AC converters.

Distributed generation system may consist of renewable
resources such aswind or solar power connected in parallel
to abattery energy storage system. The energy storage sys-
tem alowsfor increasein servicereliability by reducing the
spread of disturbances from one customer to another and
enables facility of each customer to operate as inde-
pendently as desired. Also most of the alternative energy
such as solar panel, fuel cell and many DC generators pro-

duce DC. Therefore using DC distribution is a convenient
method for future di stribution.

DC cables could aso be placed in the same ducts as gas and
water pipes because they eliminate the generation of AC
induced currents. Potentially DC cables can cost less than
ac cables of the same power rating because they need less
electrical insulation and experiencelessresistivelosses and
no dielectric losses.

Recent literature survey on DC distribution system shows
numerous research works have been carried out all over the
world in this area. Studies on AC and DC conditioning sys-
tems[1], the stability of DC distribution [2], modeling [3],
soft-switching breakers [4], fault analysis [5], power elec-
tronic building boards[ 6] and soft-switching [7-8] have been
reported. However, few have considered the issues of
energy storage and power electronic design optimisation,
which isthe main aim of this project.

DC distribution has been researched extensively in the DC
conversion side which includes application in vehicle, the
impedance analysis voltage regulation and zona analysis
[9-12]. On the other hand, the research using power line
communication hasbeen conducted in AC system for utility
power lines[13] and local communication [14] in the areas
of modelling and hardwareimplementation This paperisto
describe a DC distribution using power electronics tech-
niques and power line communication. An Amplitude- Shift
Keying (ASK) modulation is used for transmitting signals.
Thetechniqueisthen applied to control anumber of DC/DC
power converters which are connected in the DC distritu-
tion lines together.

II. THE DC DISTRIBUTION SYSTEM

A schematic diagram of the DC distribution system under
study isshownin Fig 1. The DC power lineispowered by an
active rectifier from the mains. The communication signal
is generated from the host computer which generates
communication signal on theline. The signal isdistributed
along the DC distribution line and all the units connected to
the DC power line can receive the signal. The signa is
usually modulated by a higher frequency carrier. A -
modulator is used to obtain the control signal from the
modulated signal. The control signal can then be used to
regulate the units connected. The mains DC isfiltered and
becomes DC for each of the power unit connected to the
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line. Each unit has an address. Two items can be obtained
fromthe control signal. They are the address and the control
data
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Fg.1 A schematic diagram of a DC distribution

I1l.MODULATION

The modulation method is based on the ASK demodu &ion.
Fig 2 shows the diagram in which the modulation signd is
added to the line through a pul se transformer.
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Fig. 3Modulation circuit diagram

The present modulation method isillustrated in Fig 4. The
digital signal f(t) is the data wanted to be transmitted. The
carrier signal s(t) isahigh frequency sinusoidal wave.  Its
equation is described as:

S(t) = AsSn(2pft +] ) D

The ASK modulation is used to transmit the parameters and
itsmodulated signal is:

fm(8) = F(O)Assn(2pfet +] ) @

Digital Signal

Carrier Signal

modulated
Signal

Fg. 4 lllustration of the ASK modulation

The modulated signal is the added in series directly to the
DC power lineasshownin Fig 2. The power line voltage V,,
is

Vp () =Vie + fm'(t) =Vge + N () Agsin(2pft +] ) (3)
whereV 4 isthe DC voltage of the power line, fy, (t) is the
modulated signal after through the pulse transformer and N
is the transformer turns ratio of the pulse transformer for
the connection from the PC and power line.

IV.DEMODULATION

A ASK demodulator

The modulated signal is added on the DC power lineand is
superposed on the DC distributed voltage. It can be d-
modulated by a high pass filter circuit. Fig 4 shows the
circuit developed. The power linesignal isconnected to the
input. TheDC linevoltageisblocked by the series capacitor
Cmi and only ASK modulated signal can be inputted to the
demodulator. A comparator is then used to help the
demodulation. If the ASK signal is greater than the power
linevoltageDClevel, the output capacitor C, is charged up
tologic “1". If it isless than the level, the capacitor is
discharged by the paralel resistor Ry, The two inverter
gates aredriversthat are used to re-condition the signal of
the demodulated signal to digital form for the input to the
microprocessor unit (MCU) or personal computer (PC).
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Fig. 4 ASK Demodulator

B. DC Load

The DC load connected to the power line will expose to
Vgc and ft). A simple LC filter is used to remove the ac
component as shownin Fig 5. In order toprotect the signal
f(t) from decoupling by any large decoupling capacitor
connected to the DC load, a diode is added in series in the
input side of the load.

Power
Line

Fig.5 The DC load

C. Device and host communication

In the DC power line, there are two wires and each are + and
0 for thetransfer of the power. The modulated signals are
injected to thelinein series. Theloadsareall installed with
MCU plus a demodulator. The MCU used in this study is
AKB89C2051 which has a 26MHz clock. They are all con-
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nected commonly to the power line. Therefore no other
connection is needed among the host computer, power line
and the load. Fig 6 illustrates the connection.

Signal flow
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Fig. 6 Load and host PC communication

The MCU and PPC are using Mode 3 port communication
method. This method is multi-processors application. One
more bit (TB8) is added to the data in order to identify the
address and data.

The mechanism of sending datais asfollows:

1. The PC or the transmitter sends the address with
logic “1" of TB8 to all the receivers and they all
setup the SM2 to ‘1’ to listen the address.

2. Allthe receiverswill compare the received address
withitsaddress. If they areequal, MCU thenclea's
the SM2 hit to ‘0’ inside the chipin order to start
the receive mode.

3. The transmitter sends the data with logic “0” of
TB8to al receivers.

4. Only cleared SM2 of the MCU has areceiving in-
terrupt to receive the data.

5. After receiving the data, the receiver sets up the
SM2 again to listen the next address.

V EXPERIMENT SETUP

A number of DC/DC power converters are connected to the
DC power line. Each is alocated with an address. It is &-
tempted to control the output voltage of each DC/DC con-
verter by using aCentral Server PC. Fig. 7 shows the Buck
converter used in the study.
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Fig 7. Buck converters used for the DC distribution system
The parameters used are:

L ;=450

C1=100nF

Q:=IRF540

D,=UF4001

Co=5nF

R,=100W

Do=UF4001

C,, Dy, and R, form the snubber of the Buck converter.

VI. EXPERIMENTAL RESULTS
A. Modulation

The above system has been setup to regulate the DC/DC
Buck converters. Fig 8 shows the waveforms around the
modulation. In the figure: Chamnel 1 is Modulated wave-
form after thefilter in therecei ver; Chamnel 2istheDC line
voltage; Chamnel 3isseria data and Channel 4 isthe wave-
form of the primary winding of the input waveforms from
the modulator of Series PC.
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Fig.8 Modulationwaveforms (Chan 1: Vpyj 5V/div; Chan 2: Vi 20V/div; Chan
3:Vdo 20V/div; Chan 4: §(t) 100mV/div)
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Fig. 9 Signa data (Top: Chan 1 f(t); Middle: Chan 3 Vyq
5V/div; Bottom : Chan 2V, 20V/div)
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Fig 9 shows the digital data signal f(t) before entering the
modulator and after demodul ation from the modulator, V.
It can be seenthat thereisvery littledelay. Thepower lineis

aDC voltage with some high frequency rippleswhichisthe
carrier.
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B. DC converter control
The digital data is used to regulate the duty ratio of the
transistor of the Buck converters. The 8 hit data is con-
verted linearly to the duty ratio and therefore the resolution
of the duty ratio is 8 bit which is good enough for most -
plication.
For the present study two Buck converters were used for
demonstration the method. The waveform of signal from
the host PC control s two converters though the DC power
line, whichisshowninFig 10. There are 4 bytes transmitted
inChannel 1. Thefirst byteisthe address of converter 2 and
thenext byteisthedatafor theconverter 2. The next byteis
the address of the converter 1 and thelast byte is the data for
the converter 1. The duty ratio of PWM outputs of two
converters under controlled are shown in Channels 2 and 3
for converters 1 and 2 respectively. After converter 1 re-
ceivesthe datasignal and it is convertedto duty ratio:
_Vdo

255 @
in which Vgo is of 8 bit number. Channels 2 and 4 show the
trasistor’s duty ratio and converter’ s output voltage of con-
verter 2. Itisclearly that the delay between the signal starts
and the output voltage settled-down is around 750rs.
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Fig. 10 Experimental waveforms of Converter 2
(Chan 1: f(t) 5V/div; Chan 2: Duty ratio of Converter 1 5V/div; Chan 3: Duty
ratio of Converter 2 5V/div; Chan 4: Vo of converter 2 5V/div).
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Fig. 11 Experimental waveforms of Converter 1
(Chan 1: f(t) 5V/div; Chan 2: Duty ratio of Converter 1 5V/div; Chan 3: Duty
ratio of Converter 2 5V/div; Chan 4: Vo of converter 2 5V/div).

Fig 11 shows the waveforms of the converter 1. The 1% 3
waveformsin Fig 11 arethe same as Fig 10. The channel 4
shows the output voltage waveform of Converter 1. It can

also be seen the delay isalso around 750n.

VII. DiscussioNn

As the rapid development in the DC converters, the con-
nection of many DC unitsin the same DC distribution lineis
becoming more common. The proposed ASK modulation
has been shown to be successfully used inthe DC micro grid
systems. The number of convertersisunlimited and eachis
communicated using bits address. For the present setup, it
is used to control the duty ratio of the converters. The
drawback of the systemisthe DC decoupling capacitor. Itis
not allowed to insert large capacitor because it will remove
the modulated signal amplitude and hence the signal is dis-
torted. Unidirectional diodeisinstalled in the entry of each
converter and its signal data is filtered and converted into
control signal.

VIIl. CONCLUSION

An ASK modulation method has been described and its im-
plementation in DC distribution micro-grid system has been
described. It can be found that using a low cost micro-
processor, the regulation of Buck converters can be suc-
cessfully regulated without any degradation of the per-
formance. The response time is fast. The method can be
used to control as many as converters as we liked because it
depend son the address byte. The resolution of the data
signal for the duty ratio can also be increase when needed.
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