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1. Introduction

The basic concepts of Infegrated monitoring,
protection, and control systems are described
along with the wvarious functions that can be
provided m integrated systems. It i1 shown that
the integrated systems are very flexible and can
be expanded easily.

The electric power system environment is in
a state of constant flux. Customer loads have
evolved from simple linear devices, such as

motors  and  incandescent lighting to  more
sophisticated power electronics based on loads
such ag computers, compact fluorescent lighting
etc. The nature of these new loads has created
the mneeds to clogse examine the existing
electrical infrastructure. In addition to this new
state, traditional facilifies are managing business
and manufacturing operations through sophis
ticated power electronics based on device for
contimuons perfonnance’

Besides the load change, the types of custo
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mer facilities have also been changed. The
emergence of 24 howrs per day, 7 days per
week operations are commonplace and required
to meet a new competitive marketplace. Today,
a clear example of this fechnological growth ig
the global emergence of Internet data centers.
The level of reliability demanded / needed /
required is now changing with the type of
facility and
productivity and

comtintal
electrical
environment needs to be pure and clean. Power

ity needs. To ensure

growth, the

quality can now be used as a metric for solving
the reliability
gensitive nature of a customer facility.

concerns  associated  with  the

The philosophy of power quality monitoring
hag evolved from the sfrict troubleshooting
multitude  of purposes. These
purposes include! agsuring compliance fo a cont
ractual or legal standard; determining preventive

objective  to

practices; and establishing a predictive baseline.
In conjunction with the shifts in objective,
monitoring equipment has incorporated numerous
in the areag of
communication, data capture, physical size and
cost. Ag data itz being made available quicker,
the desire to uge that mformation to meet

is only natural. With the

technological  advancements

defined objectives
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increagsed emphasgis on reliability, the needs for
ensiring both the accuracy and the depth of
meastirements have become paramount’.

In this paper, mntegrated monitoring system 1s
S0C196KC  and
vigual programing for electronic power moni
toring, protection and control. Integrated monit

degigned with microprocessor,

oring system can improve the efficiency of
operating the power shedding system and the
reliability of customer operation.

2. Electronlc Power Monltoring System

The architecture of infegrated systems makes
it possible to configure the system for one or
purpoges.  The  architecture
possible to be easy to expand the system after

maote makes 1t
it hag been installed to add more of the same
functions or to add additional functions. For
example, it may be desirable to do monitoring
at first and then add control later”.

The basic purpose of the integrated gystem ig
to  provide more comprehensive monitoring,
It algo

provides for centralized moniforing and control

improve protection, and reduce cost
Integrated gvstem consigts of a number of
devices connected to a computer through a local
area network (LAN). The computer periodically
sends digital messages, requested information
from the devices connect to the network. The
computer also sends commands to operate
gwitches or change sget points on  automatic
controls. Each device has an address, so the
talk

The devices connected to the network perform

computer may to one device at a time.
one of more of the following functions:
Provide crcuit protection;
Supply metering data of V, I, watts, varg;
Supply status readings for various on off
devices,
Respond fo commands to activate output
contacts.
Fig. 1 shows integrated system to be deve
loped. The functions may be
multifunction devices to reduce panel space and

combined in

cost, but that may involve some performance

compromises. For example, mefers generally
measure harmonics while protective relays may
not. The devices are normally placed cloge fo
the input/output sources to minimize wiring
which reduces the ingtallation cost. Algo, the
computer human machine interface may be used
for confrol in lien of manual control ¢witcheg to

provide further savings in space and cost.
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Fig. 1 The function diagram of the developed
infegrated system

These capabilities, infegrated into a system,

provide the means fo report problems and

The

actual means of report and control are achieved

control the power system more efficiently.

through the central computer software.

3. Development of Electronics Power Monitor-

ing System

Power quality instrumentation has made
incredible advances over times. Advanced power
quality monitors are designed to accept voltage
and current gquantities. Typical instrument input
limits are around 600V RMS for voltage and 5
A BMS for current. To obtain usable wvoltage
and current signal levelg, voltage transducers
(PTs) and current transformers (CTs) are used.
Digital monitoring instruments also ufilizes A/D

converters for convert the analogue signals from
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the gignal conditioning circuits into  niumeric
values to process in the instrument. To get the
good resolution the A/D converter should have
a high order of bits, somewhere between 16 and
20. After the sigmals have been digitized, the
processor operates on the fundamental measure
ments of fime, voltage and current to derive
many power quality parameters.

The following drawingsg, Fig. 2 and Fig 3 are
the basic concept diagram of power monitoring
gystem in gwitchboard facility.
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Fig. 2 Basic concept diagram of power monitoring
gystemn in switchboard facility
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Fig. 3 One lne diagram of power monitoring

system

For wusers, the most important item fo
congider 18 not running out of memory while
capturing quality

event. A common method for friggering RMS

monitoring  but the power

variations s to set manual thresholds. Typical
gettings are +10% of nominal voltage.

An  alternative method i to provide full
disclosure monitoring with adaptive thresholds.
If the RMS walie changes by more than 2% of
the BEMS wvalue of the previous cyvele, the wave
shape change ig triggered and stored. Each of
the BEMS cycle values is stored and when the
wave shape stabilizes for two cycles, the end of
the event is designated. A maxmum number of
128 individiual wave shape cyveles can be stored
and displayed. If RMS has not been stabilized
after two secondg, the wave shape information
is discarded and then the RMS wvalues are used
to display the event. RMS events are also
graded by calculating the product of the square
of the BRMS deviation and the duration. The
perinds during which the RMS values value to
a new value defined ag transition.

This consists of hardware and
goftware part mostly. The hardware part ig
composed of measurement parf, communication

system

part, controller, and display part, which manage
measurement, communication, control and inpuf
/ output device wusing one chip microprocessor
(IntelR0C196KC). Multifunction indicator and / or
controller execute thege functions.

The software has various monitoring, datab
age, and control in PC using visual program
ming by graphic user interface (GUI).

3.1 Hardware
Some of the issues to consider when looking
at power quality hardware are:
Backiip of datal collected even when the
power fails,
Enclosire: depends on portable or permanent
application;
Sampling rate! ig it fast enoigh for RMS,
transients, energy and harmonics
meagturements?
Ease of use, set up and programming;
Procesging power: how much data 18 reduced
by instrument?
Communicationg: current state of the art 11ses
Ethernet, TCP/IP.
Many comininication devices are already
developed. These devices also have multifimction

and high performance. For example, it ig
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baitd rate of input and
output ftransmission, to freat various protocols

and multidron dafa, and to function ag ethernet

available to confrol

gateway and concentrator.

3.1.1 Measurement part

We measure the data of electric power. The
economics of electric power distribution netwo
tking dictate several configurations of AC power
trangmission. The number of phases and voltage
levels characterize these configurations.

A gingle phase system is a basic two wire
digtribution
applications, such as residential communities or
offices. Typically, the wvoltage iz 120V AC. For
such as small
commercial Tacilities, the typical power configur

gystem  ugsed M low  power

higher power requirements,

ation is two lnes of 120V AC opposite in
phase. Thig system produces 120 voltgs from line
to neutral for lLighting and small appliance use
The line to line voltage ig 240V AC, used for
higher loads such as water heaters, electric
dryers, ranges and machinery.
The power{W) in a single phase system is:
W=E-+T-cosf
E  electric potential, fF
phase difference between the electric potential

current and cos @

and the current.
Power in a 120240V AC system is:
W= (E Linet * I 1ineg * COSE)
H{E 1y * 4 1ipg * COSE)

Phase difference between the potential and the
current are resulted from a non resistive load,
either reactive ar capacitive.

(VAR): The additional
power constumed that dose not produce anv
work but must be delivered to the load,

VAR=FE+T+sin®® This 13 a measure of
the inefficiency of the electrical system.
(VA): The total power
delivered to the load, and the vector sum of

Reactive power

Apparent power

real power and reactive power.
Power factor (PE). The ratip between real
power and apparent power:

W W
VA~V i+ VAR

PF=

Ideal power distribution should have a PE of
1. Thig condition can be met only if no reactive
power loadsg exist. In real life applications, many
loads are Ioads.  Often,
capacitors are installed to correct poor power

mductive corrective
factaor.

A three phase gystem delivers higher levelg
of power for industrial and commercial applica
tiong; the three phases correspond to tree pot
ential line. A 120°phase shift exists bhetween
the three potential lines. A fypical configuration
hag either a delta connection or a wye conne
ction. In a three phase svstem, the woltage
levels between the phases and the neutral are
tniform and defined by:

E E E
En=En=En=75 = =4
Voltages phases could vary
according fo loading factors and quality  of
distribution The  three phase
gystem  is  governed by  Blondels Theorem.
Blondels sates

distribution network which has N conductors,

between the

transformers.

theorem that n a power
the number of measurement elements required
N1 A typical

configuration of poly phase system hag either a

to  determine power is
delta commection or a wye connection.

And we require the measurement of conguwm
ption, demandsg and poor power factors.

Power consumption:
WH= WxT

W  instantaneous power, 7 fime in hours.

The total electric energy usage over times
period ig the consumption of WH. Typically, the
unit m which power consumption 1g specified 1
the kilowatt hour(KWH):
consumed over one hour. Utihities use the WH

one thousand watts

equation to determine the overall consumption in
a billing period.
Demand: Average energy consumed over a
specified time interval is determimed by the
utility, typically 15 or 30 minutes. The utility
measures  the maximum demand over a
hilling period. This measurement exhibits
from average consumption causing the ufility

to provide generating capacity to satisfy a
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high maximum consumption demand. The
highest average demand is refained in the
metering systemn until the demand level is
reset.

Poor power factor: Results in reactive power
consumption. Transferring reactive power
over a monitoring reactive power consumption
and penalize the user for poor power factor.
Ideal digtribution  hags  sinuscidal

waveforms on voltages and currents. In real life

Dower

computers, and
and  distorted
digtortions
fundamental

applications, where inverters,

motor  controls are  used,

waveforms are generated. These
consists  of harmonics of the
frequency.
Sinuscidall 4 « sin(w + H
Distorted waveform:
A-sin{w-H+A; sin{aw + H
+ Ay csin(ay - H+ -
Total harmonic digtortion (THD):
% of THD

" RMS of 1] i di . ional
o RMS of the fundamental signal
=100

Harmonic distortion: A destructive force in
power distribution systems. It creates the
gafety problems, chortens the life span of
distribution transformers, and inferferes with
the aperation of electromic devices. A recent
device monitorg the harmonic distortion to
the 31st harmonic. The capturing digtorted

waveform is also possible.

3.1.2 Communication part

The device of communication part 1s the
interface converter. Generally it converts signal
of RS 232 or RS 422/485. It is the needs of
compact size, Lghtweight, multi protocol support,
and various commimication mode support.

RS 232 communicafion is used for linking a
gingle mstroment with a computer or device
such as RTU or PLC. The link is capable for a
digtance up 100 ft (about 30 m). A standard
G pin female serial port allows direct connection
to a computer with a 9 pin cable.

RS 422/485 parallels multiple instruments are

on the same Ink like RS 232, Its operation

capability is up to 4000 £ (about 1220 m).
When using only 2 wires, the link can include
up to 15 ingtruments. When using 4 wires, the
link can include up to 31 mstruments. Each
instrument has a unigque address up to four
digits length. It
commimicate with up fo 10,000 instruments.
Avaitlable standard baud rate are 1200, 2400,
4800, 9600, 19200 and 38400 bps. To sgelect the
proper baud rate, apply the following rules:

The top port should always be operated at

9600 baud max;

Maximmm baud rate is 38400 for the main

ports

For a smaller number of instriments over a

long distance, use a lower baud rate;

Optimal recommended baud rate iz 1200

baud if noigy conditions exist.

Fig. 4 shows the developed RS 232 to
RS 422/485, RS 422/485 to RS 232 converter.
Thig able to support various
commumnication modes, for instance, full duplex,
gingle half duplex (Fig. %), twin half duplex, and
repeater mode.

allows for the user 1to

converter 18

31.3 Controller

{OCI9BKC ig able to confrol each input/
output ports with five 8 bit I/O ports and 8 or
10 bit A/D comverter. Main board of controller
using 80C196KC has two output ports, three
input ports and one A/D port Input ports are
used to receive the signal of each node, that is
ACB, VCB, and relay efc. Where as output
ports are uged to send the signal of switch
on/off and other device control. A/D port ig
used to transduce the signal of devices condition
to  the
measirement.

monitoring  or

of data for

gigmal

Fig. 4 RS 232 to 422/48; converter
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Fig. 7 Gate circuit of output

And Gate dreuit 13 added on board because
gignal level of 1/Q port is TTL. Fig. 6 and 7
ghow the designed gate circut. Controllers
firmware is programmed by assembly language
and A9 comriler.

Fig. 8 shows S0C1I96KC board in switchboard
for controller and relay board for node.

Fig. 8 80C1%6KC board in switchboard

3.1.4 Display part

The display part consists of LCD, VFD, or 7
segment LED etc and monitors various useful
values, kilowatt, kilowatt demand, kilowatt hour
readings, reactive power and <o on Digplaver ig
the tnigque part that is visual in front panel of
gwitchboard or instrumentation device. So it ig
the needs of smart design and good looking for
users convenlence. And it must be the needs of
representation for various values. Fig, 9 ig the
digital LCD panel of analog type displaved for
user.

Fig. 9 Digital LCD panel of analog type
digplaving for user
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3.2 Software

The evolution of the computer ndustry has
enabled that
facilitate the data collection and analysis the

gophisticated  tools to  emerge

process.  Advanced monitoring  software  tools
require the following capabilities:

An open database architecture (ODBC);

Automation of data collection and report /

alarm generation;

Text and graphic export into other application

(ie. Microsoft Excel and Word);

Report writer capability.

One of the most important of the above item
ig to use an ODBC compliant software tool
Depending on  the power quality monitoring
objective, different instruments may be used for
Az a resulf,
having the capability to extract information from

differing monitoring  situations.

different databases for comparigon into another
non proprietary database structure is essential
for correlation purposes.

With the available advanced tools, continiious
monitoring 18 possible. This data i3 needed to
determine how and where events were caused,
leading to the understandings of how they may
be avoided in the future, and how the effects
may be mitigated. Other henefits of continuous
moniforing are:

Harmomics mugt be monitored on a continu

ois basis to ensure that, over times, the

incremental addition of lnads doeg not cause
lead fo the
prematire fatlire of fransformers, conductors

excessive heating that can
and circuit breakers;
Continuoug  tracking of power congumption
and RMS quantities provide useful data for
planming  future plant  expansion  and  for
enswring that existing and future utility feeder
and substation capacities are adeguate. It is
also useful for planning the addition of new
discrete loads or new back up power syste
ms. The data 1s also useful in determining
whether an adequate level of investment in
the infrastructure is being made and if the
money 18 being spent in the most appropriate
areas;

Archiving power survey reports contamning all

in a databage
provides the ability to compare the existing

detailed aspects of power

conditions with the higstorical conditiong and
to predict when a fallure will occur. This
concept 18 called as predictive maintenance.
Advanced warning of a deteriorating power
gituation provides the ability to correct the
gituation before disaster strikes. The mission
of critical operations, data
financially vidnerable applications, prevention

canters  and

ig to yield enormoug economic benefits by
ensuring continuous system reliability and full
avallability. Predictive techniques provide the
information reguired to achieve 10086 up time;
Key personal alerted
when a power problem 1s detected by issuing
alarms or by sending messages to pagers or
PC screens. Immediate notification allows the

can be immediately

action to be taken to igolate a problem and

prevent a domino effect that would jeopardize

the entire facility:

Sophisticated  software tools algo allow the
ugeful comparigong of  varioug parameters.
Software fools are available for data analysis
and then
capability to overlay different guanfifies on top

after  monitoring it provide the
of each other for the correlation of parameters
with known events.

The advanced technology has enabled to the
gsignificant improvements in the collection and
the latest
being the Internet. The possibilities in the new

gharing of data acrosg all media;

meditm  are  extraordinary.  Miggion crifical
facilities are now able to deliver the information
to concerned individuals by smply gending a
web address via e mail, pager or fax. This link
allows for investigator to determine immediately
and remotely the information required to apply
predictive, preventive and mainfenance measures.

Fig. 1016 show monitoring program. Various
gereeng can be used to monitor and  analygig
data of devices condition and measuring value
Fig. 10 ig a main gcreen in moniforing program.
The moniforing system classifies ags main and
gubgystems. Fig. 11 ig a screen of annunciator
that helps to move quickly other subsystem for

needs. Fig. 12 iz a sgcreen of switchboard
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condition, which i1g similar to real facility go
that 1t provides wusers benefit. Fig. 13 i3 a
gereen of gystem one line diagram that helps to
understand system conceptually. Fig. 14 and 15
degcribe data analysis and demand control of
electronic power. And Fig 16 shows the report

Fig. 10 Main screen of electronic power monito
ring program
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Fig. 12 Switchboard condition screen

from monitoring  data  including  database for
printing or management. The monitoring system
carties out functions like following screens. Ag

windows program support  modtitasking  each

gereens, it may  always be activated by user
commands.
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Fig. 13 System one line diagram screen

FRINPREY R Tl e | gl g e
§mmﬂ‘,‘.ﬁl_ TEIHLLEUNT . B

& i

PETTIRT P B A

RN

Fig. 14 Data analysis screen
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Fig. 15 Demand control screen
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Fig. 16 Report screen

4, Concluslons
This  paper suggests  electronic
system wusing BOC186KC, visual
programming and databage. This gystem 18
described along with the various functions that

power
monitoring

materialize integrated monitoring, protection, and
comfrol gyvstems. Ag well, some of the more
important design considerations are digcussed.
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