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2.1 METHODOLOGY

Thid project deals with control of active and reactive power in order to kdep fhq system in
steady statd .The main objective of this project deals with power in an intercqngecipdisystem as

economically and deliver power in an interconnected system as economicdlly apdireliability

while maintaining the voltage and frequency within permissible limit. Thi farjbg done by
AUTOMATIC GENERATION CONTROL using PI controller. The powef pengrfed at the
output is fefl back to the input through feedback path.

22 LFC

The main objective of LFC is to maintain reasonably uniform frequ

y, fofdivide the

load betwepn generators and to control the tie-line interchange schedules. It ncentrates

on control [of real power in the system; thereby the frequency of the syste: controlled

since real gower 1s proportional to frequency.

If the system of a single machine is connected to a group of lo e fspeed and
frequency ghange is in accordance with the governor characteristics as the lo
not imporfant to keep frequency constant, no regulation control is requig
normally would vary by about 5% between light load and full load conditions
if constant|frequency is required the operator can adjust the speed of the turb

governor characteristic as and when desired.

2.3 REASONS FOR LIMITS ON FREQUENCY

The following are the reasons for keeping strict limits on the system frequency Yaridtigns:

(i) The spged of a.c. motors is directly related to the frequency. Even tho:lf} mﬂi of the a.c.

o e 4 ] B o femitioan s vresyn e ey b orrmtn Sl e §
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(i) It the

frequency Iess than 47.5 Hz or more than 52.5 Hz, the blades of the turbi

damaged, hence a strict limit on frequency must be adhered to as stailing of]

further aggr

(iv) The system operation at subnormal frequency and voltage leads to lossﬁof Ie

suppliers dye to accompanying reduction in load demand.

{v) The mojst serious effect of subnormal frequency is on the operation of the

With reduded frequency the blast by fans decreases, as a result of which

decreases

plant if corfective measures like load shedding is not resorted to. Load sheddk
help of under frequency relay, which automatically disconnects blocks of 1
the under frequency relays is so adjusted that the least important load is

relatively higher frequency and vice versa.

COMPENSATION

of by the system in the following three ways:

(i) ‘Borrowed' kinetic energy from the rotating machines of the systerl

increase in load is supplied from the stored energy of the synchronous gener

speed of tHe machine goes down and the system frequency decreases.

normal frequency is 50 Hz and the turbines are run at speedic
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2.6 DISA
The

exist or may too expensive in case of computer processing and memory. A

empirical 11

input, the i
While desi;

(a) Operati

(b) Smooth

(c) Transient parameter changes,

(d) Effects

(e) Maxim|

important p

2.7 ADVIANTAGES OF FUZZY LOGIC

F

o

It allows

implement.

DVANTAGES OF PI CONTROLLER

ile will be more effective. In PI control much stress is laid on

yning a P1 controller following hindrances have to be overcome.viz

bn interfacing

of non-linear actuator,
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3.1 INTR

Wh

the input.

positions g

However t

problem

frequency fo it’s normal value. This scheme is called automatic generation

3.1.1 Fungtion:
The role of AGC is to divide the loads among the system, statiol
achieve mdximum economy and accurate control of the schedule interchange

while maintaining a reasonably uniform frequency.

3.1.2 Sync

The synchronization of different system to inter connected system

voltage m4gnitude (2) Frequency (3) phase sequence.

An

total colla?se. Hence AGC has gained importance with the growth of intes

and with o
number of
system, s
used. The

ODUCTION

en the load in the system increases turbine speed drops before the d
As the change in the value of speed decreases the error signal bccc)J

f governor value get close to the required position, to maint

¢ constant speed will not be the set point and there will be on offsq

integrator is added which is automatically adjusted the genemli

CO

hronization:

y wide variation from nominal value of frequency and voltage will

se In size of interconnected system automation of the control syste

stem parameters are linearised around an operating point. Pl con

pain value is adjusted for satisfactory transient response.

dEpad
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fthe
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upen (1)

system to

of power

generally



3.2 AGC [IN SINGLE AREA SYSTEM é

With the primary LFC loop, a change in the system load will result |nfthef sfeady state

frequency Heviation depending on the governor speed regulation. In ordef tqf |geduce the

frequency deviation to zero, we must provide a reset action. The reset action qay beja hieved by
introducing an integral controller to act on the load reference setting to chinke ﬂ-e speed set
point. Henfe the integral controller gain (k1) must be adjusted for a safisfactprf transient

response.

2P,ods)

—— P, - l 3
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Figure 3.2 Single-area delta connected system

3.3 AGC/IN THREE AREA SYSTEM

QArcal Area 2 Area 3
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The system consisting of a turbine, generator, load and its accessories

Assumptior

constramts

so as to form coherent group i.e. all generators responds in unisons to changp

settings. Syc
constant duri
strategy, a

system
Where,

Incrementzh
APtie =T12

APtie =2 [IT

ACE1=APfie12+B1Afl

ACE2=AP{

3.4 SIMILLATION

The si

interconne¢ti

ITomd tlha mlinmro e vmemcarae amd tha Framitametr aea tha farmy 1m1E v ares

control area can be reduced to a single speed governor, turbo-ge

(A51-A52)

ie23+B2Af2

ulation is performed using MATLAB 7.0 using various paramd

made while developing the block diagram is that there are go

bn turbines and generators. Also, generators in a sub area are tight

h a coherent area is called control area, in which frequency i

ng static and dynamic condition. For the purpose of developing

tie power can be represented as

12 [Jf1dt-[If241]

ng the tie line areas the following block diagram is obtained.
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simulated by varying the loads of areal, area2 and area3. Here the interconneq Iovemorl,

]n cf‘
. : . |
turbinel, generatorl and load is denoted as arcal. Similarly three arcas are feqnsthpgted. Each

area loaded|separately. |

Figure 3.4 Simulation Diagram of PI controller

The various cases tested for simulation are
Casel: eqyal load (p.u)

Case2: undqual load with small changes (p.u)
Case3: undqual load with moderate changes (p.u)

Case4: ungqual load with large changes (p.u)




The variatipn in Joad causes change in frequency in generation side and sinflarly ghe power

& to the Pl

—

changes. This change in frequency and tie line power are feedback to the inpig fidg

controller. The operation of the PI controller reduces the error.

p If the load increases the power generated increases, which cauge the frgquency to

decrease. This decrease in frequency is sensed by the sen arkl ksend load
frequency controller (here P1 and fuzzy controller) through a cl¢sg pagh

» The PI controller controls the prime mover valve to open i.¢{ the galn value is
adjusted.
» Now the valve of the prime mover is controlled in such a wdy o gligw require
amount of steam to be passed on to the generator.

» The frequency is now comes to normal value.

® Different loads are given to generator and simulated.

e The results are shown in appendices table 3

o Table 2 shows the parameters given to the govemor, turbine angd gengragor.

3.4.1 Simulation using fuzzy controller:
I:Lre, a fuzzy controller replaces the PI controller and system perfqrin is studied.

Rules are developed. IF —THEN logic is used to develop the rules. Rulq i:H shown in
appendices
Thelsimulation results are as shown in fig that fuzzy controller is too] f3st g pettling the

frequency gleviation to zero.
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change in frequency in pu

time in sec

Fig 3.4.1 Simulation result for unequal loads using PI and FUZZY pantreller

Here the |load is varied equally in three arcas. The load is taken as (.01 '1TT raphs are
e

indicated Hy separate colors. i.e. blue indicates the operation result using Pi cp and green

indicates the operation result using fuzzy controller.

Table 6.1 shows the simulation workspace readings. From the t I the Jthree area
loaded eqpally and unequally and the settling time is noted. The settling §md] if noted by

simulatinglusing PI1 and FUZZY controller.

The change in frequency settles to zero at Ts=12 sec using PI controller and itfset§ieg to zero at

Ts=7.5 seq using fuzzy controller at areal
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mputer simulation was performed for different load changes in difterg

esults are shown below
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3.5 DESIGN OF PROTOTYPE CONTROLLER

It ig

3.5.1 DIF

1. Selecti

general

FICULTIES FACED

decided to design a prototype for a generator of rating 415v in the JaQorgogy.

bn of turbines as a prime mover to run generators
It is difficult to install a turbine in the laboratory and change the curIut hijhe

or. Hence, we a dc shunt motor is selected as a prime mover to run §

[0 load varied equally (areal loaded to- 0.04 pu., area 2 loaded to-§.04pp: area 3

gendrator.




In odr lab no machines with identical ratings are available. Hence we arg got Il:ble to
synchronize the machines. Instead of doing it for mulli - area system, wg jav dpne the

projéct for single area system and we can generalize the results to multi
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part

completely false. Fuzzy logic is not a logic that is fuzzy, but a logi

calibrate vagueness and uncertainty. FL is a problem-solvin

met

sim

4.1

Fuzzy Logic can:

4.1

Fu4

Fuzzy logic is super-set of Boolean logic, which has been

al truths. This means that it can handle things, which are neither d

desdribe and cope with fuzziness. Fuzzy Logic is the theory of fLI

hodology that lends itself to implementation in various systems.

ble, rule-based IF X AND Y THEN Z approach to a solving control

Why Fuzzy Logic??

» represent vague language naturally
» enrich not replace crisps sets

» allow flexible engineenng design
>

improve model performance

Y

are simple to implement
1 Fuzzy Applications:

izy interference system has been successfully applied in fields such
1. automatic control
2. data classification
3. decision analysis
4

export systems and

I - o

to allow

¥ true nor

th Lt s used to

sets that
| system

cgrporates a




4.2|Fuzzy System

Fuzpy logic implemented in three phases.

1. Fuzpification (crisp input to fuzzy set mapping)

2. Infdrence (Fuzzy rule generation)

LW

Fpzzy mput

—

—

T Fuzzification

r

Numerical
inputs

4.2.1 FuzzTiﬁcation:

Figure 4.2 Fuzzy Logic Implementation

Defpzzification (Fuzzy to crisp output transformation)

— Fuzzy oulppt

Interence
engine

LN . s .
—— - Deftuzziticats

=
-

N
—

Rule base

Mokl

al



» It gonverts crisp values into fuzzy values.
» Twjo Inputs (x. v) and one output (z)

~ Megmbership functions:

slonvwth)y=1-(t 10)
~ high(t) N t 10

1
0.68 \\:2 ! ;
L.ow ! -
032 [ 1 i
_ o Lo 7
Crispinputs — | X=0.32 Y=0.61

Figure 4.2.1 Fuzzification

4.2.2 Infergnce Rules:

The

statements

results. TH

determinin|

then partia

Tha laoicral nraducte For each mile mast be combined or inferred bhefor

matching of input data is used to incorporate an answer.

» next step is to define the fuzzy rules. The fuzzy rules are merely
as mentioned above. An expert usually derives these statements Y
e inputs are received by the system interference and all IF -THEN:

g the truth-values. If a given input does not precisely correspond tq

of 1f-then

optimum
evaluated

HEN rule

bednd vassed on
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Table 4.2.2 Rule Base

4.2.3 Defuzzification:

Combines all fuzzy conclusions obtained by interference into a

Different fiizzzy rules have different conclusion. So it is necessary to const

are numbdr of composition methods are available but they lie beyond

introduction.

I}

ipglg

all

>

onclusion.

wWes, There

e of this



In our projgct we are implementing the Centre of Gravity method of defuzzitgeqtion.

. Low

Max

_[gf(t)dr
C — Min

Max

[ rna

Min

Center of Gravity

0.61

0.39

High

4.2.4 Openational Flow:

Crisp output

Figure 4.2.3 Defuzzification

l

Fuzzification

|

Fuzzy input

5

_Rule Evaluation

|

+——————  |put Mgmbership Functior

Rtujes|/Inferences




4.2.5 Mem

smd
cald

and

pership Function:

The membership function reflects the designer’s knowledga an

oth transition between member and nonmembers of a fuzzy s

ulate and the typical shapes of the membership functions are Gahspial

tnangular.

Com

Degres of
Membership

Fuzzy values

Old

1.

Figure 4.2.5 Membership function of Fuzzy Logic

4.2.5.1 Input Membership Function (APtie):
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4.2.5.3 Output Membership Function Control Signal:
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5.1 INTRG

Logd frequency control (LFC) and automatic voltage regulator (J

importance
demand to
operational

frequency t

DUCTION:

with growth of interconnected system. They take care of sma

maintain the frequency and voltage magnitude with in the sp

objectives of load frequency control {(LFC) are to maintain rdagon

p divide the load between generators and to sense the change in re

signal AF dnd AP are amplified, mixed and transformed into a real power co

which is sent to the prime mover to call for an increment in torque. The pringe

brings charjge in generator output by an amount APg will change the frequen

the spectfig

d tolerance. So the inputs to the fuzzy controller in this case would

X.‘

OW

ar

C-

uniform
The error
ignal APv
therefore
tie within

g and AF.

LCD

5.2 BLOCK DIAGRAM
CT Current,
Fuzzy
Mator
PT Voltage,,
— | Generator ’ Cc?:tsrgﬁer
Yet
PROXIMITY Speed
SENSOR
LOAD
F 3
Feedback
A lass MY - . Opto . ]




Now let us gxplain each of the above circuits in detatl.

5.3 Motor - Generator set:

//—__\\\ / ._’_,,"""h"‘*wx.\

|: M :| - —' - I: /%r ‘:'

K/’j // \\_/
Figure 5.3

¢ A dc Motor coupled with a generator 1s used.
A Ipading rheostat is also included in the set.

« A dc shunt motor is chosen because here, field control method may be
incfease/decrease the speed of the generator.

5.4 Micro-Controller Circuit:
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5.4.1 PIC|Micro Controller:

Micro controller is the tiny chip. It has inbuilt memory, timer, ports dlo:Irladditional
features. There are several companies, manufacturing the micro controllers likq I Il Motorola
and Microchip. PIC is the product of microchip. The spectal characteristics of thq P1 ji re

5.4.2 Features of the PIC:

|. Long Word Instructions
Single Word Instructions
Instruction Pipeline

Single Cycle Instruction

T 3= Br I

Reduced Instruction Set

Forlthe pin diagram and functional block diagram of the PIC refer to AHPENRIX A and
APPENDIX B.

5.5 Potential Sensor:

Thely are used to transform the high voltage of the power to lower vilde. [[TRe primary

winding of} the transformer is connected across the line carrying the voltage fo

Since the gotential transformer will be working with very high primary voljage theinsulation

between primary and secondary winding must be able to withstand the large pgtantif iqifference.

In our projgct the step down transformer of the 230/12V is used for sensing thq vpltagdlevel.

I A007 x4




5.5.1Cha

racteristic of potential transformers:

1. Effect of secondary current or VA:

If W

primary cufrent increases. Both primary and secondary voltage drops incregsds

given valug

Increases.

ratio error s almost linear with change in burden.

Wi
increased
in phase oV

phase angle

th regard to phase angle, the voltage V, ;; more advanced in

¢ increase the secondary burden the secondary current is increase

The ratio error increases becoming negative with increase in burde

oltage drops with increase in secondary burden. The phasor V; o

ving to increase in secondary winding voltage drops. Thus, with ind

> between vp,and 'V, reversed increases becoming more negative.

2. Effects

[f the power factor of secondary circuit burden is reduced, angle ?

makes cu

f power factor of secondary burden:

t of V, the value of V, decreases and hence the actual ratio incrdps

nd

ES

fh

[CRSC

pnasud-
VLS

L

1t

nt 1, to shift towards current Iy. The voltage Vy,and V,come mo

with E; ang E; respectively since the voltage drops are almost constant. The

in V; to r¢lative E, reduces relative to voltage V, . The voltage V; red

Therefore the transformation ratio increases as the power factor Vs is advan

retarded i

phase. The phase angle { -ve ) reduces with decrease in seco

refore the
thus for a

he burden

1ation of

ecause of
s retarded

burden the




changes in|voltage ratio because of change in frequency are dependent upoy felagig values I,
and leakagg¢ reactance since the effects produced by them oppose each other.
As fegards phase angle error, both affects due to increase in frequengy adma:.lce Vp and
the increasg¢ in secondary reactance retards Vs and therefore the phase angle fisingfesed as the

frequency increases.

4, Effect af primary voltage:

There is no wide variation of supply voltage to which the primary wiLdlng hffthe P.T. is
u

% ¢

—2

connected.| Therefore the study of variation of ratio and phase angle errors wi voltage is

of no impoytance,

5.6 Current Sensor:

Thegy are used to transform the high value of current to lower valgel] . Tle primary
winding ofjthe transformer is connected across the line carrying high current t¢ He megsured. The
secondary winding is connected across a low range ammeter. The primary wigdirge Fonsists of

large no. ofturns and hence will be thick while secondary winding will have r o jJof turns.

?‘omo" iK




The currer

5.6.1 Featl.Tres of Current Sensor

induced in the secondary is calculated as
L= (N2/N)*L
Where
N3 - No. of turns in secondary
N - No. of turns in primary

I; - Current flowing through primary

1. Inherent Short Circuit Protection

2. Variable Output Voltage

3. Low Current Device

4. Current Boosting Capability

5.6.2 Consfruction

It has two separate sections. One section consisting of zengr] diggd4, constant
current source and e reference amplifier producing a fixed voltage {.r) |t constant
curfent source forces zener to operate at a fixed point so that the zegef otphts a fixed
voifage.

Other section of the IC consists of an error amplifier. THiq e amplifier
compares the sample of the output voltage applied at the inverting inl\l tegrnal (INV)
to I\e reference voltage Vier appiica at the non-inverting input termingl NI} [These two
seclions are not internally connected but the various points are broyght ouion the IC
package.

5.7 Proxjmity sensor:

i




Indu

devices. Thg

high reliabil

Indu
losses indug
is used by 4§
entering the
currents dey
range”, the

output sign3

5.8 Powel

ty.

il controlling a relay or a switch.

t Supply Circuit:

by can be used in various environments (industry, workshop, liftk

ed when the metal target enters the field. A coil, wrapped round a
| transistorized circuit to produce oscillations, generates the field.[The
electromagnetic field produced by the coil, wili decrease the oscil
eloped in the target. If the target approaches the sensor within the

oscillations cannot be produced anymore: the detector circuit

ftive proximity sensors are widely used in various application £ degct metal
ft

D and need

Ctive proximity sensors generate an electromagnetic field and detec]\ r‘e ¢d3y current
NE

tefcqre, which

ct, while
Lttnn dje to eddy

ac "sensing

bche then an

=

P ] 1
H o L
25y —_

IM4007X4

103 r;_;f

23w

Figure 5.8

For

the functioning of system we are in need of 5Svolt supply. Th'f s 49 eloped by



The|important features of a bridge rectifier:

e Current in both primary and secondary of the supply transformer ﬂoLf fon\?'lhe entire

A.( cycle and hence for a given power, power transformer of spngll may be
conglucted.

o Less$ ripple voltage as compared to half wave rectifier.

+ No tenter-tapped transformer is needed for rectification.

» Sinde two diodes are presented in series at each conduction path, the pgak inyefse voltage

is shared equally by two diodes.

5.8.3 Filter

Thd filter circuit uses a capacitor filter, which filters out the A.C gonpdngnts of the

rectified output. The output of a rectifier is pulsating in nature and cogtding] lrge ripple

components. Ideally the output of the reciifier system should be perfectly fyeg frpnd all ripple

voltages. In this capacity filter stores the energy during the conduction perigdiang gelivers the

energy 1o the load during the non-conduction period. Through this proce e|kithe interval

during whith the current passes through the load gets prolonged and the ripple fFonjpgnents gets

considerably reduced.

The filter waveform is essentially a D.C voltage with negligible] rippleq which is
ultimately fed to the load.

The time constant of capacitor filter is given by, 7= C x R, The afivaintaggs of using

canacitor fllter in the circult are- 11 11



programm

thermal sh

The ratings

5.8.4 Voltage regulator

5.9 Conclusion

MOTOR RATING:

SPEED

VOLTAGE

TURE CURRENT
EXCITATION VOLTAGE
EXCITATION CURRENT

A vpltage regulator is a circuit that suppties a constant voltage regardbct q
in load cufrent. IC voltage regulators are versatile and are available with
1ble output, current / voltage boosting, internal short circuit ¢

tdown. The power supply unit employ in this project uses 7804

 of the motor-generator couple used in our project are as follows:

1500rpm
230v
19A
130v
0.7A

1500rpm
415v
TA

ct

Tgnt

Yol

¢ changes

ks such as

ifniting and

g

t regulator




5.9.1 Petails of the PIC

Key features

PIC 161877

Operating Frequency

RESETS {4nd Delays)

FLASH Program Memory (14-bit words)
Data Memory (bytes)

EEPROM Data Memory

Interrupts
/O Ports
Timers
Capture/Campare/PWM Modules
Serial Communications

Parallel Communications

10-bit Analog-to-Digital Module

Instruction|Set

'3

DC - 20 MHz
POR, BOR (PWRT, OST]
8K
368
256
14

Ports A,B,C,D.E

2

MSSP, USART
PSP

8 input channels

35 tnstructions

Table 5.9.1




The ratings|

The ratings|

of the potential transformer used in our project are as follows: 460

of the current transformer used in our project are as fotlows: 10:1

—







6.1 HARDPWARE MODULES

The hardware module we have developed consists of
e PT
e« CT
e Chgpper module
e Fuzzy logic coutroller
s Relpy

¢ Prokimity sensor

6.2 HARDWARE COMPONENTS TESTING

6.2.1 PT TESTING

z;lto fsformer is
ed | ng (PT) in
could be

Connections are properly made to check the generated voltage. The]
gradually varied in steps. Now, the voltage generated in motor can be meal
the harflware. Any variations in the set value and the value shown in the Bisgl:

adjusteql using voltage preset.

6.2.2 CT TESTING

Connections are properly made to check the load current. The three-phadse bl is varied
T urgd bsing (CT)

in hardware. Any variations in the set value and value in display can|bf agjidsted using

gradually in steps. Now, the increase in load current at each load can be m

current preset.



PROBLEM:

Thec

SOLUTId
Thd

current

6.2.3 PRO

It i$ a sensor that is used to sense the speed of the disturbances cros
sensor Jsenses the disturbance and gives pulses to the unit. The time i

consechitive disturbances is used to calculate the speed of the shaft.

SOLUTIA

hirrent variations are meager to large variations in load.

N:

MITY SENSOR TESTING

ges in speed (1.e.) timer gets overflowed.

ally the speed increases in steps of ‘60" since the speed has been fspigl

ric coding.

N:

Thd

Dug to increased speed of the shaft, the sensor quickly senses the distIl\Ianle
al

sing the:
rlnerva] '

'

resistor variations are made larger according to changes in load td opt a-:ﬁual value of

nsor. The

tween the

and sends

&0 respond

as integer

t speed has now been assipned as float in coding such that the sedsdr cianblnow sense



6.2.4 LQAD TEST

Lioad test is conducted on the dc motor ~ alternator set to measurg the )'F [formance of

machinejand to calculate the change in power (AP) and change in frequencyl(41) Under load.

6.4.1 LOAD TEST DIAGRAM:

upto thatlthe power frequency deviates is noted.

From this, rules or inference table can be drawn.,

These parameters (Af & AP) are measured for nearly 80% of the ratddfload nd the range

Change in Change in Tie line power ? Py,

fra?F | N [ NM ] ~s ZE PS pM] PL
h 8 NL | NL NL NL NS sM |1z
NM NL | NL NL NL NM zE| | |em
NS NL NL NS NM ZE Pyl || | ps
ZE NL | NM NS ZE PS Pl PL
TS NS | NMm ZE PM PS Ll 1| lrL
M NM | ZE PM PS 7 pil T e




6.5 SIMULATION

At the MATLAB prompt, typing SIMULINK the SIMULINK BRACH ‘ pears. The
SIMULINK block library containing seven icons and five pull down headd 4ppe o). Each icon
contains |various components in a titled category. To see the content of dadh ¢ a|F gory double
click on {t’s tcon. The casy to use pull down menus allow to create a SIM Kl tdock diagram
or open gn existing file, perform the simulation and make any modificatiors.] Bisifally one has
to specify the model of the system (state space, discrete, transfer functions, fngn | ode’s etc)
the inpuf (source) to the system, and where the output of the simulation ¢ fygtem will go.
Generally when building a model, add the blocks to the model window befole ng the lines
that conrlect them.

SIMULINK is an interactive environment for modeling, analyzing

1

with intujtive results thus providing the user with ready access learning tool

of operatjonal problems found in the real world. SIMULINK is particularl)

the effects of nonlinearities on the behavior of the system, and such, tit alkq

tool.

The key features of simulink are

si
dynamic systems. SIMULINK provides a graphical user inte:l;

g

lat}o

rfconstructing
in terms of
Kligvery easy to

results are

simulation
iflating many
11 or studying

igeal research




Wnlimited hierarchical model structure.

calar and vector connections.

e

fask facility for creating custom blocks and block libraries. SIM

o}

pen architecture that allows extending the simulation environment.

=

Ye can easily perform “What if’ analyses by changing model

teractrvely or in batch mode. While the simulation are runping.

reating customs blocks and block libraries with own icons and
TLAB

for rapid prototyping of control systems.

of control systems.

SIMULINK provides immediate access to the mathematical, graphig

directly from SIMULINK.

a simulation using mask facility in SIMULINK.

¢ C code can be generated from SIMULINK models for embedlie

ULIN

pray]

gcr

The SIMULINK block library can be extended with special — purp

DBP block set can be used for DSP algorithm development, while the

f1ix

d ap

13l

€ can create hierarchical models for embedded applications and fof rapig

alljan: '

cgpabilities of MATLAB. We can analyze data, automate procdd

it

awternde STAATTIT INK far svverdalim e memed cirmemnedmdiom o A ie 1 .o . B 0

15

provides an

ers — either

faces from

ications and

prototyping

X o
i

from with

The
point block

sets.
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The simulation was done for four different cases that inclu

elt‘)voth Eding cases
and unloading cases. In case of loading the settling time is mofe jwh

with Ruleviewer

in case of
unloading settling occurs faster. '
The simulation block diagram is as shown:
- f
To Wonepacai6
ff
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Figure 6.5
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Frequency Emor

Juency Emor

The simulated results are as follows:

Frequency Response for 10%

15

Frequency Response for 10% load

20
Settling Time in sec

25

30

unloadd{

35

45

50



Fraquency Emor

Frequency Emor

10

Frequency Response for 20% unloadpd

15 20 25 30
Settling Time in sec

Freguency Response for 20%

35

load

45

50






7.1 CONCLUSION

. This projgct will help in improving the quality and accuracy of the proTat d

economical and material waste is minimized to the maximum. Due to accuracy i

specification, profluct rejection rate will be minimum.

. This projgct will be highly useful for Textile Industries, Apparel Industriel Rolk

Foundries. By m4intaining frequency a constant the life of motors is increased, but

motor reaches Mdgnetic Saturation and gets heated.

. The computer simulation was performed for different load changes in diifeEn

simulation results| were compared. The results clearly indicate that the fuzzy contrpl

oscillation and settling time comparing to PI controller.

. The fuzzy|logic approach to integral gain scheduling yields overall better pef

transient responsep in comparison to the case of fixed integral gain.

. The fuzzy [logic approach yields automatic, self-adjusting outputs irrespective

uncertain of normél conditions.

. The memdry burden and computational burden and time reduce drasticallyfi

iy th
approach as it involves only IF-THEN logic in fuzzy interference engine and §c onIil

decision is taken.

ch. !

mills and

bw uency the

r

ofmahcE regarding

Hencej when fuzzy system is applied to appropriate problems in co
typical characteristics show a faster and smother response than conventig

translate o efficient and more controllable operation for controlling vario




TH

gain compstants are adjusted to a value, which makes the system to operptg in

manner

7.2 FUTURE ENHANCEMENT

In

than that of conventional PI controller,

this we h.

to fuzzy cpntroller and with if-then-clse logic the firing angle of the choppkr](a

stabilize the frequency deviations and maintain the frequency at rated value.

It we gxtend this idea to multi-area system we need to measure the changdin |li

and chan

of the madhines connected in synchronous condition. Here the change in tie-lI:e

frequency

¢ taken change in power (AP) and change in frequency (AF) as

jour project we have implemented fuzzy controller module for sirn a
qiny

e in frequency (AF) are the input parameters to fuzzy contrql

feviations.

e fuzzy logic controlier applies very simple and sophisticated methbds, an% the integral

ILcI very quick

system .In
parameters

14 decided to

&line power
ogver (APtie)

.fontrol the




#ing
#me

unsig

unsigned char count=1,Y1HUN,VITEN, VI ONE, IHUN,IITEN,[1ONE
FIONE,NITENTHO,NITHO,NIHUN,NITEN,NIONE:

ANNEXURE

de<pic.h>
de<lcd.h>

ned int voltl curl;

ed int [1,12,V1,F1 N ,rpm;

ed int fsch,fact,set;

ed int pact,psch, TON,TOFF,TMR1;
it df,dp;

float fit1,t2t;

ION=0x88;
=PEIE=INTE=TOIE=1;

7

F1 FJUIN.FITEN,




delay();

ADCON(O=0X89;
delay(};
ADGO=1;
while{ADGO);

curl=ADRESH*256+ADRESL;;

delay(};
delay();

Vi=voltl/2;
It=curl/1;

if(RB1==1)
RB2=I;

if{RB2==0)
12=11;

VIHUN=V1/100;
V1=V1%100;
VITEN=VI/10;
V1=V1%]10;
VIONE=VI;

[1THUN=I1/100;
11=11%100;
ITEN=I1/10;
[i=11%10;
[1ONE=I1;

=1000000/t;
rpm=f*60;
rpm=1480;

Nl=rpm;
F1=N1:

/ftemp




H

/"

cursor_loc(0X80);
display_string("V=");
display_data(VIHUN);
display data(VITEN);
display data(VIONEY;

cursor_loc(0x87);
display_string("I=");
display_data(IHUN);
display string(".");
display _data(11 TEN);
display_data(I110ONE);

cursor_loc(0xC0);
display_string("N=");

display_dara(NITENTHO);

display_data(NITHOY;
display _data(N1HUN);
display_data(NITEN);
display_data(N1ONE),

F1=F1/30;
FIHUN=F1/100;
Fi=F1%100;
FITEN=F1/10;
F1=F1%10;
FIONE=FI;

cursor_loc(0xC7);
display_string("F=");
display_data(F1HUN);
display_data(F1TEN);
display_data(F1ONE);
=0;

delay2();




tsch=50;
fact=N1/30;
df=fact-fsch;

if(dp>=-150)
{
if(dp<=150)
{
TON=4043;
TOFF=5957;
}
)
if(dp>=-500)
{
if{dp<=-150)
{
TON=4260;
TOFF=5740;

if(dp>=-850)

{
if(dp<=-500)
{

TON=4434;
TOFF=5566;

if(dp<=-800)
{

TON=4521;

. A e o & e




delayf

R

et

if(dp>=-500)
{
if(dp<=900)
{
TON=3826;
TOFF=6181;

if(dp>=900)
{

TON=3826;
TOFF=6174;

if(df>0)
{
TON=TON+5;
TOFF=TOQFF-5;
}
if(df<Q)
{
TON=TOQON-5;
TOFF=TOFF+5;




voud|interrupt isr()

fERFEE k******SPEED START***********I{

H(INTF==1)
{
INTF=(;
tl=t2;
t2=TMRO;
if{set==0)
t=t2-t1;
else
{
t=((set*256)-t1)+t2;
set=0;
3
h
if{set==1000)
set=0;
if(TOIF==1)
{
TOIF=0;
set++;
1

J(’=!==|==1==i=li==>I==>5==I==l==§€=!€SPEE[) END**********}F

if(TMR 1IF==1)

TMRI1IF=0;
count++;
if(count==1)

{

TMR=55536+TON:




RC3=1;
count=0;

H

i)

1f(df>0)

{
TON=TON+5:
TOFF=TOFF-5;

1

)

if(df<0}

{
TON=TON-3;
TOFF=TOFF+5;

[anp—




]

]
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APPENDIX A
Pin Diagram (16F877A)

MCLRNVFP me—e [
RACANG —u ]
RAVANT i [

RAZANIVREF- st [
RABANSNVREF+ a—tne[]
RA4TOCK! at—pe [
RASIANASS w—e [
REQROIANS -t []
RE1ARIANG 4—w=[]
REZICSIANT w—te |

VI e ]

L p—

OSCUCLKIN ——se []
OSC2CLKOUT p——[]
RCOT10SOIM1CK! —a[]
RCHUTIOSICCP2 e [
RCAUCCP1 ]
RCHSCKISCL w—w[]
ROOIPSPO s [
RD1/PSP st []

0 0e R O A M

— ol
B D

I= =~ ~N O TS -

-]
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APPENDIX B

Functional Block Diagram (16F877A)
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