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Abstract

The control of synchronous machines is now moving almost completely from analogue
electronic to digital. Therefore the very first reason which motivated us toward this
project is that we wanted some digital control (Microcontroller Based) for monitoring
different parameters of Synchronous Generator. Thus it is necessary to develop a digital
circuit for the monitoring of a power system. In this project Generator parameters like
Generator Voltage, Generator load Current, Temperature of windings of generator and
Frequency of system are sensed by Potential Transformer, Current tansformer,
Temperature sensor (LM35) and internal interrupt of micro controller respectively . Then
these parameters are monitored by applying limitations and using LED’s to show system
status and LCD is used for the Digital Display. After this the parameters are sent to
computer for serial port interfacing. At the end the data is uploaded on webpage through
data base.




Contents
1. Introduction

1. 1-HiStOTy Of POWET SYSIEIM ..c.veivieiieiiriirieienieeitete sttt sttt st sttt sr e esne b enaesreemee e 1
1.2-Synchronous MaChINeS .........cccevueiiiiiiniiniciiiiiece e e 1
1.3-Analog to Digital Control.........oceciiiiiniiniiiiiiiee e s 2

L3LT-FQALULES ..ttt 2
1.4-BasicC REQUITEIMENLS. ....c.eeriirieriieieeieeseesiee st sttt et et seeesheesaeesae e st e e bt e bt e sbeesbeesneesaeesasesnseens 2
1.5-Software REQUITEIMENLS .......cccueeiiieiiieiiieiie ettt st sttt sb e b b sae e s ereeas 3
1.6-Proton IDE ......ccooiiiiiiiii e s e 3
L.7-Proteus ISIS. ... e e 3

L7 1-FRALUIES ..ottt st r e sr e b e e re e e san e 3
L.8-OTCAD ..ttt bttt b e s a et s bt b e bt et b e b a et bt et e b nae eente e 4
LL9-PICEIASI ...t b e bbb sae e st 4
1.10-Hyper Terminal......cc.ccveiiiiiniiieiiiieieet ettt s e 4
1.11-Hardware REqUITEIMENLS. .......cocuteitieiieiieite ettt ettt ettt sb e sbeesaeesaeeeaeeereeneeas 4

2. Monitoring and It's Importance

B B s (T L o1 o) o T TSP P P PRSPPI 6
2.2-Generator monitoring PhiloSOPNIES......cc.eerieriiiiiieiieeeee ettt e e 6
2.3-Parameters t0 De MONILOTE......c..iiuieriieiiiertieeeeee ettt ettt st sb e sttt e e e e b ebee e 7
2.4-Generator termMiNal VOILAZE. .....ccuieuieiiieiierie sttt ettt st e et st e st e st et e eeeebeenbeenee 8
2. 5-FIEQUEIICY ..ttt ettt et s bbbt s san e s n e ene s 8
2.6-1.0A0 CUITENE ..e.uveeniieiieiiesie ettt ettt e st e st e st e satesabeesteesbeesaeesaeesseesssessseenseeseesseesseenseesssesnsenns 9
2.7-COTe tEMPETATUTE .....ueiviiviiii ittt st s b e s a s s e b sa e b saesasene 9
2.8-Sensors and INStIUMENTATION ...ceoveerueereirieeie et eeteer ettt sttt e e b e saeesaeesaneeaneeseeneenes 11

3. Monitoring Circuits Implementation

B T-HATAWATE ...ttt b et sttt et e sb et s bt et e st e eb e et e sbesbeenaeseesbeentenbesaeen aa 12
3.2-Block Diagram of HardWare ..........cccuerueiiierieiiiieieesieseesieestesee ettt s s s 13
3.3-Module base Block Diagram of Hardware...........c.cceeueriiriiiiinneenienieseeseese e 14
3. 4-MICTOCONIONIET ..ottt ettt r st r e e nenr e nenes 14
3.4.1-The microcontroller's building blOCKS........cccueveririereniiieneireeee e 15
3.4.2-MEIMOTY UNIE...eeutiitieiieiiiteeiertint ettt ettt ss et b s bt et b e st et e sb e sse et esbeese e b e s b e e st et e nbeeneeneeene 15
3.4.3-Central Processing Unit.........ccceciiiriinieiiiiiiiiciecce et e 16
B4 A BUS .ottt ettt h et b e h et b e h e et e bt be et e nae s sanen 16




3.4.5-INPUL-OULPUL UNIL....cuiiiiiriiiieieiiiine et et s 16

3.4.6-Serial COMMUNICALION. .....eceiriirriiieieite ettt st st s s ee 16
34 T-TIMET UNI..teitiiiitieiieterteeitest ettt ettt ettt b et b e s ae et e s b e s st et e s bt ebe et e sbeeat et e nbesaeeneeene 17
34.8-WaALCRAOE ... ueeieeieeiee ettt et st s sh e sa e e e n e nreenre e 17
3.4.9-Analog to Digital Converter (ADC)......cceireeriiiiiiieesieeseee ettt seeas 17
3.4.10-Microcontrollers VS. MICTOPIOCESSOTS ....cccueerueerurirurieeeereeesieesieesseesseesseeseesssesnseenseesseesses 19
3.5-Microcontroller PIC LBF877A ......ooiiiiiiiiitectett ettt et e e s s 19
3.5.1-High-Performance RISC CPU .........cccooiiiiiiiiiiiiiicnincetete e 19
3.5.2-Peripheral FEatures.......cocvviiviiiiiiiniiieicicceee e e 20
3.5.3-ANAl0Z FEATUIES ....c.evviriiiiiiiiiiiiiteeeee et e 21
3.5.4-Special Microcontrollers FEatures. .......ccviiieereeriiiienieeiieieesieeieeseesee et 21
3.5.5-CMOS TECHNOIOZY ..uveuveeuiieiieiieiite ettt ettt sttt st st e bt esne e saeesaeesaee s 21
3.5.6-Basic connectivity of MiCTOCONIIOIIET ......eeiueiriiiiiiiiieiieie et 22
3.5.7-POWETL SUPPLY -ttt ettt e 22
3.5.8-ReSEt SIZNAL.....iuiiiiiiiiiiicic s 23
3.5.9-ClLOCK SIZNAL...ccuiitieiieiirieeieert ettt b et ee e 24
3.5.10-Special Features of the CPU ........ccccioiiiiiiiiiiiicce e 24
3.5.11-Analog-To-Digital Converter (A/D) Module..........cccceereiniiniiniiiiinieeeeseeeeeeseeen 25
3.5.12-A/D Acquisition REQUITEIMENES .......cceeruiireereeiieiieeiieesiee et e ettt e ebeeneeas 26
3.5.13-A/D RESULT REGISTERS .....oooiitiiieeeeere et s 26
3 0-TTANSTOTIIIET ...c.veeeete ettt sttt et b et sb e bt et b e sae e b e sse e enes 27
BT -RECHIIOT ettt et s b et h et sb e bt et nb e s b e s reshe et e renae e ea 27
3 8-FIItEr CAPACILOT ....eeuviriieieeiirieeieet sttt ettt sttt ettt a ettt s b et sn e s bt e s abeeeeensenbesneenenes 28
3.9-Regulator 7805/7812 ..cueviiiiiiiiieeeeene ettt 28
3.10-Current TranSTOIMIET ......c.viveriiiirieiiteee e et e s e 29
B0, L-USAZE. ..ttt sttt ettt et be ettt st et be bt nh e sheeshe e et e e neereereens 30
3.10.2.-Block Diagram of Current Measurement CirCUit..........ceecueereeerieeneeneeneesienieeieeseeeees 30
3.10.3-Hardware Implementation of Current Parameter ............ccoceevueeieeieeneenienicnieeeeeee 31
3.11-Voltage TranS OIIET .....ccueeuveriiriieiietirtietetre ettt sttt e b et be et eesre s 31
3.11.1-Block Diagram of Voltage Measurement CirCUIt ........ccccereereerererseenereeeeneneeseeneeneens 32
3.12-LCD — Liquid Crystal DiSplay ........ccceceeiriniiieiiiiinieieecteeeeeeeee s 32
3.13-LM 741 Operational AMPLITIETS.......ueruiriiirriiiiieiiesieneeneeetese et s s 33
BIBLT-FRALUIES ..ottt e e 34
3.13.2-UnNiqUE ChAraCtEIISTICS ...eeoveerveeruieruierieeteete et esteestee st e site st eteeeeebe e bee bt esseesaeesaeesaseearean 34




3. 13.3- AdVANTAGES ...eeuveveeieeee ettt ettt ettt et b et h et b e a e bbb e b bt e e e e e 34

3.13.4-Block Diagram of Frequency Measurement Circuit ..........cceecveeveereeneenienieneenseeeseeennes 34
3.14-Temperature Sensor (LIM35) ....ooiiiiiiiiiiieiiee et s s 35
3.14.1-Temperature Sensor BIOCK .........couiiiiriiiiiieierie et 35
3.15-Serial Port INteTfacing ........c.eevuieiuieiiiiie ittt st st s s 36
3.15.1-Basics of Serial COMMUNICATION ....c..cevverrireierierrieeeree sttt 36
3.15.2-Half- and full-dupleX tranSmiSSION. .......c.ceeeererrereeriereneerenreseeie st ee e s ne 37
3.15.3-Asynchronous serial communication and data framing ...........ccccceceveveciiininenecenennenn 37
3.15.4-Start and STOP DItS .....coiveriirieiiiieieee e 37
3.15.5-Data tranSTer TALE ....cevvervireeitereriete ettt sttt sttt sttt s b et sbe et e 38
3.15.6-RS232 Standards........ccoeeeiveeniiiiieniiecen e e e 39
BLL5.7-RS232 e e et bbbt e b e bbb r e e ens 39
3.15.8-RS232 Data TranSmiSSION ....c..eecverrerreeeerierrieeenresreeeesre st s st st sre e e sre e seesre e s 40
3.15.8.1-TTanSIMISSION «...eeuveverreeeerteeiietesteste et e sttt stesbe et e stesbeetesaesbeesebesseemsesresreeneensenbens 40
3.15.8.2-RECEPLION .ttt s s et 41
3.15.9-RS 232 PINS weeuviiieiieiereeeiete ettt et be e nne e 42
3.15.10- RS 232 pins Configuration..........ccoeeveveiiininieieiniiinieeeeetse et 42
3.15.11-Limitations of the standard.............ccoccoviriiiininiiiin e 43
3.15.12-RS-232 LeVel CONVEITETS ...cueereeririeeeentenreeeenresre ettt st sre e e e s snesre e e 43

3. 10-HyPEr TeIMINal ...cc..eiieiiiiiiie ettt sbe e bt et e sab e sab e e b e e sbeesbeenbeens 44
3.17-Common applications for SErial POTLS ........ceecuerereeriinireeierereeee e e e 45
3.18-Hardware schematic diagram.........cccevueruiriirieniineeieniesese et s 46

4.Data Logging

O Y B U3 (o4 L1 et )  H OSSO PSPPSR URPPRP 47
4.1.1-Introduction to data LOZEING .......eecververrirreerierieieserteeter ettt s seesre e 47
4.1.2-Data logging verses data aCqUISItION ..........ecveveeiriiinieniciniieneee e 47
4.1.3-Future Directions about data [OZZINg ........cccveriiriirieiiieiieiere e e e 48

4.2-Datd ACUISTEION .uveeuvieieerieerierteete et et e steesteesttesaeesab e et e e bt e sbeesbeesbeesaeeeaeeeaseebeebeenbeenseenneennees 48
A2 T-SEIISOTS ..ttt sttt ettt sttt st sttt sttt s r et a e s r e st aesr e st r e s h e et r e e r e et e e s re e 49
4.2.2-SigNal CONAILIONINE +..uveeutieiieiienieeie ettt ettt te st st st e et e e bt e sbeesbeesaeesaeeeaeeeaseeseenns 49
4.2 3- AMPLTICALION 1.ttt ettt st sat e st eat e e be e bt e sbeesbeesaeesaeeeneeeaees 49
4.2 4- AEEIIUATION ...c.veveeieerteeteeee st ettt st st e e s bt s bt et e st e s bt et e st e sbeeeesbesbeeee b e sbeeate b e sbeeat et e sbeeaee e nne 49
4.2, 5-T80LAIOMN. ...ttt et bt st bttt s b et b e e bt bt st e e e 49
4.2 0-FIRIINEZ ..eneeeteeteeee ettt st ettt et b e s bt e s bt e s bt e s et et e st e e b e bt e beennees 50




4.3-L0gEING ANA STOTAZE .. veoveeierierieeieienteteste ettt sttt sttt sttt e st s b st et sbe et e stesbe et e sbesbeens 50

A4-SOTEWATE ..ot e a e r e nre e s 50
4.5-Data DISPIAY ...vivirrietiriieiteeste ettt sttt et b e et be st 50
4.6-Applications Of data IoZEING ....c..ceoeeiiiiiiiiieee e e s 51
4.7-Advantages and Disadvantages of data log@ing..........ccceeeereiniiniiniiiniieeeeeeeeee e 52
4.8-Real time Data BaSE .......cccceriiriiriiniereeieneneeeese ettt s 53

5. The Web Page

S L-INtTOAUCTION 1.ttt n e s r e n e sr e enr e nneenenes 54
5.2-Basic Block Diagram of Web Page.........cccovveieriiieiiiniieeeteeeeeeeee e 54
S3-MATLAB ..ot sttt e sttt s b et sb e eb e et e st bt e e sreebe et e resaeenn 55
5. 4-DICAMWEAVET ....ecuvieutiitieitieitiesite st st et e bt e e s bt e st e st e st e st e sabe s e bt e be e bt e sbeesaeesraessbesaseeneenseenseens 55
5. 5 WaMPSEIVET .....eeiiiiitieiteiee ettt sttt st sttt b e e be e sae e sraesrae s b e e n e neenreens 56

6. Results, Applications and Future Directions

0. T-RESUILS ...ttt sttt b e a et bt e a e sb e sb e et e st e sbeeneesaesbe et ete s eebeens 57
6.1.1-Real Time Serial data on Hyper Terminal ............cccoeeveriirnieniieniiniineeeeeeeeeesee e 57
6.1.2-Real Time Data base on Excel using MATLAB.......ccccciiiiiiiiiineeeeeenee e 58
6.1.3-Real Time ONLINE Results on Web Page ..........ccocveviiiiinieniciiiieeecceceeeeen 58

6.2 APPIICALIONS ...ttt ettt et et et e e bt e s bt e s bt e saeesaeesabeeabe e bt ebeesbeesbeesbeesubeeabeeseeaseenseens 59
6.2.1-Monitoring @ Remote SUDSTATION ......cc.eeeverierieerienienierie ettt s 59
6.2.2-Applications that can be LogEed .........ceeveririirininieer e e 59

7. Learning through the Project
7.1-New Technical KNOWIEAZE .......coivviriiiiiiiiiiciic et 61

7.2-PrOject EXPEIIETICE ....eevueeiuiiriieiiieeie ettt st sttt ettt ettt et st e st st sat e e e et esaeesaeesane s 61

8. Basic Codes and References

Y] o 1= o Vo PR 62
8.1-Code for Voltage MEASUIEIMENL. ......c..cecveriirieeierieriieeertesie ettt et se et e e b s e s ennes 62
8.2-Code for CUITENt MEASUICITICIIL ......erveeureeerteeerentesteetetesteesessesseessessesseessessesbeensensesseensensesseennen 63
8.3-Code for Temperature MEASUTCINCNL .........evveveureririiirerteree ettt ss et sre e see e eneas 64
8.4-Code for Frequency measurement ...........covueeeeueeiniinienieieineniiesee ettt sse s seeeeneas 64
8.5-Serial CommuNICAtION COAE .......eecviriiruiiiiiiiieieiereee e e 65
8.6-Complete Code Of PIOJECT .....cocviiiiiiieeieecieeeee ettt st 66
8.7-MATLAB Code of Project Data Base .........cccecueeieiieiniinieiieiie ettt 68
BL8-RETTEICIICE ...c..eiteiiee ettt st b et b bt e e e sbe e et sae e s 71




Chapter 01
Introduction

1.1-History of Power system

In the year 1878, Thomas A. Edison began his incredible work on the research of electric
light and formulated the concept of the lighting in the surrounding area, which was driven
by a centrally located power station. Realization of the research came in the year of 1879
and by 1882, September 4, he set up a historic Pearl Street Station in New York City,
making him the pioneer batch of scientist in the World of Electric Utility Industry

In the beginning, the generator that supplied the electricity to the surrounding could only
support the initial load of 30kW for a 110V incandescent lighting. Due to the introduction
of the DC motor by Frank J. Sprague in 1884 and the development of the three wire 220V
DC system, this allowed the loads to increase. As the demand of electricity and
transmission distances started to increase, voltage problems were experienced. By the
year of 1885, William Stanley solved the problems with the development and design of
the transformer, which has the ability of transmit power at a high AC voltage and low
current, minimizing the voltage drops on the transmission lines; making AC source more
attractive than DC source. Growth of the AC systems started in the year of 1888, when
Nikola Tesla discovered two-phase induction and synchronous motors. This discovery
added to the advantages of the poly phase versus the single — phase systems, leading to an
expansion in the usage of three-phase line in Germany and United States of America.
Making the three-phase synchronous generator the workhorse of the industry

1.2-Synchronous Machines

A synchronous machine is an ac rotating machine whose speed under steady state
condition is proportional to the frequency of the current in its armature. The magnetic
field created by the armature currents rotates at the same speed as that created by the field
current on the rotor, which is rotating at the synchronous speed, and a steady torque
results. Synchronous machines are commonly used as generators especially for large
power systems, such as turbine generators and hydroelectric generators in the grid power
supply. Because the rotor speed is proportional to the frequency of excitation,
synchronous motors can be used in situations where constant speed drive is required.
Since the reactive power generated by a synchronous machine can be adjusted by
controlling the magnitude of the rotor field current, unloaded synchronous machines are
also often installed in power systems solely for power factor correction or for control of
reactive kVA flow.




1.3-Analog to Digital Control

In a world of change, new technologies replace old ones ever more quickly. In the early
years, change was slow with the transition process from the electro-mechanical voltage
controller with motor-driven rheostats to high gain rotating exciters.

In recent years, another major technology change has taken place with a move away from
the analog control to digital control. This has been made possible due to the rapid
developments of electronic devices and technologies such as high performance micro-
processors and high intensity integrated circuits. The controller is now reduced to
integrated assembly. This had greatly increased it reliability as multiple components are
implemented with just Microcontroller. The digital controllers are not simply a digital
version of the analog version, but can realize sophisticated control functions that will
difficult with the analog circuit thus making it possible to enhance the stability of the
power system .

1.3.1-Features
The digital Monitoring for synchronous generator has following features:

e Sensing the system parameters:

e Generator Voltage

e Generator load Current

e Temperature of windings of generator

e Frequency of system

e Monitoring the parameters by applying limitations and using LED’s to monitor
system operation

e Digital display using LCD

e Sending parameters reading to computer after specific interval of time Serial port
interfacing

e Data logging

e Uploading data on web page.

1.4-Basic Requirements

Monitoring of a Power Generator is hardware as well as a software project. As this
project is based on microcontrollers, it is important to check whether codes work well as
required. So, for development of this project, it can be said that this project is both
software and hardware based. Hence the requirements of the project are of two types.

Software Requirements

Hardware Requirements




1.5-Software Requirements
Following software’s are used in our project:

Proton IDE
Proteus ISIS
OrCAD

PIC Flash
Hyper Terminal
MATLAB
Dreamweaver
WampServer

1.6-Proton IDE

Proton IDE is a professional and powerful visual Integrated Development Environment
(IDE) which has been designed specifically for the Proton Plus compiler. A very
advanced code explorer for PIC based development on the market.

The code used in the PIC 16f877A has been developed using this amazing software. The
serial communication and analog to digital converter commands are studied using its help
feature. The PIC code is used to operate the transmitters in different logic combinations
from 0-15 and total combination are 16. The combinations can be implementing by
pressing respective key. And the sensor data is taken and sent by the PIC is continuous
process as in the code.

1.7-Proteus ISIS

This is very important software in the field of electrical engineering to implement the
circuit before developing its hardware design. It supports many electronics components
like resistors, regulators, capacitors, etc. Many different ICs and Motors are also available
as one of its amazing feature of its built-in library. This software is used for hardware
circuit implementation not for programming.

1.7.1-Features
Some key features of ISIS are highlighted below.

Supports large number of Microcontroller Units including PIC16F877A.

It generates the proper DC, AC signals for experiments.

Huge gallery of circuit components.

Electromechanical components like Servo and DC motors can be simulated.

Circuit can be transformed to design a Layout in Proteus ARES software




Hex file can be loaded directly to the MCU and observe the result.

Circuit can be simulating for serial communication also.

1.8-OrCAD

OrCAD is a proprietary software tool suite used primarily for electronic design
automation. The software 1is used mainly by electronic design engineers and
electronic technicians to  create  electronic schematics and  electronic  prints  for
manufacturing printed circuit boards.

1.9-PicFlash

The PIC FLASH Programmer is are liable and fast production grade programmer for PIC
12, 16 & 18 series Flash. The PIC FLASH programmer communicates to the microchip
throughputs cable which is also used for powering the programmer. It’s a very easy and
simple to understand. The project code is burned to the microcontroller using Easy PIC
trainer module and PIC Flash software.

1.10-Hyper Terminal
HyperTerminal is a built-in windows program that can be used to connect to other

computers, online services, and host computers and other devices using either modem or
a serial DB-9 cable.

1.11-Hardware Requirements
e Circuit Designing for Excitation circuit and monitoring module.

e Programming of PIC microcontroller.
e Making circuit hardware of modules.
e Assembly of all parts on a single board.
e Finalize checking of the working of all circuit modules.
e Data logging
e Uploading data on web page
Following are the hardware requirements for project:
e PIC Microcontroller

e Temperature sensor LM 35

e LCD (16*4 character)




Step-down AC transformer (220V-15V)
LED’s

Diode 1N4007

Zener Diode (6V8)

Switches

MAX 232

Positive Voltage Regulator LM7805, LM7812
Negative Voltage Regulator LM7905, LM7912
Heat Sinks

Opto couplers

Operational Amplifiers (LM741)
DB-9 connectors

Serial Port Extension cable
Breadboards

Vero Boards

Crystal Oscillators (20MHz)
Resistors

Capacitors






