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SYNOPSIS

the

In +this project, a software is proposed %

o}

dsveloped to draw the polar plots which leads tc analvsis
and design of any control system. This is a graphical piot
which involves mapping of points from one plans ¢ ancther.
Out of the various methods of freguency respconse analysis,
polar plots are used as it can be constructed =sasilv  and
rapidly. Also, the control system can & designsd and

analyssd for stability from this polar plot.

As the accurate plotting of transfer funciiorn oF

higher order systems is generally a tedious process, tke aid

of computers are used. In the Nyguist stability study, only
the general shape of polar plots are raguired.

Hence, for the compliczted svystems in crésr =g
reduce the time of manual plotting and alsc <o improve tho
accuracy, this approach will be mcors ussful.
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INTRODUCTION

1.1 CONTROL SYSTEM:

in the process of development,man procucss machine
and man himself was only necessary to conitrcl in Sz2-3i1  +=hs
various operation that ars rzcuired =o commlizte anvy

process. Slowly, the machines and thse process DbscocTe  mors
complicated. &lsoc gquick and accurate results wers Zferived,.

In most of the process,man became unable +to zavrfect

K

control his own machine. I+ was in this content &

m
it
{

0
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tried to replace the human controller by sams  Zorm of
automatic contreoller which wouls precisely and speadilv dc

what the man wants. The use of analog and compuzsr: nas

revolutionised the automatic control system.

1.2 MATHEMATICAL MODEL:

Any dyvnamic system may  be character_==48 Dy
differential eguations.Thsa response ¢ the dynamic zvster to

an input may be obtained if +thase cifferential szuaa-ions
are solved, Describing dvnamic Charaterisz:cs o
mathematical is called as mathematical model.I-x

important ster iIr analvsing znd dssisr of as-o

ifferat forms.Depaniins oo

{hL

system. Models may assume many

the particular system and the circumstances one machsma—iozl



representation may be better suited than other
representaticon.For the transient response analysis or
frequency analysis of siso system, the transfer functiornr
representation is more convienient *han other.

1.3 TRANSFER FUNCTION:

The transfer function of & linear +time invarizant
system (for definition see appendix 2) is dafined as laplace
transform of the impulse =rasponse, with all initial
conditions are assumed to be zerc. Although +the trznsiar
function of a linear system is dz=fined in <erms of =hs
impulse reponse, in practice the input-output relatiocn o a
linear time invariant system with “hs continuous data Input
is often described as the rate of =he laplace transform of
the output {response function) tc the laplace fransform oF
the 1input (driving function) under the assumption that =z1_
initial condtions are zero. Therfore for a2 linear =—ime

invariant system transfer funciion is

Y(s) by ™ol Lo L L +b_,
G(s} = R e e e e i - (2.l
X(s) an s+, L. L L, LrE
BY using this concapt, one  can  rspresant The

system dynamics by algebraic sguation in =. The highzr zower

of s in the denominator of the +r

)
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the order of the highest derivative term of +
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the higest power of s is equal *“c =, <he svstem is callzd zrn



n th order system. Some of the properties of thas *=ransfer

functions are as follows:

1. Transfer function 1is dafined only for a 1linsar =Zime
invariant system.. It is meaningless for nor linear
system.

2. The transfer function is independent of the inpu: of the

system.

3. Transfer function is expressed only as a functien of the
complex variable s. I: is not a function of +hs =real
variable time or any other variable that is used zs <the
independent variables. When system 1s sukiect to
discrete time or digital input, 1t may k= Tora

convenient to model the system by difference scuaticns.

4. It includes the units necessary to relate input <o =he
output, however it dess not provide any informa-ion

ceoncerning the physical structure of the svstar.

(M



CHAPTER -

II

Response of the System

REASONS FOR STUDYING RESPONSE:

Response o¢f the system to several
l. STABILITY: If system reaches a2 steady stats condition
as the same form as the input charactsristics.
2. INSTABILITY: If it doss not =zrsach in Time an
appropriate steady state condition.
3. Possible oscillatory nature.
4. Rapidity of response or its sluggishness of responssz.
To study the behaviour of the system, the response
of system to several input is investigated.
We can study the response in two ways,
1. By using time domain method.
2. By using frequency domain mathod.
2,1TIME DOMAIN METHOD
The variation of the system outpuz with +im=s s
known of time response of the systam.Most of the ceoentrsl
systems are inherently are time domain system for which <:ime
response becomes an important Zactor for design & analvsis
of a system.In practice the time response of the syster for
a particular input 1is measured with arbitary svystan



parameters and then these parameters are varied =o obtain
the desired response of the system.The time reponse I the
system consist of transient and steady state response Zcr a

particular input.In which transient response will go¢ o zero

as time becomes very large.And steady state responsse will
present even the time reaches infinity.The stesady state
response of a control system is also very important, sincs
when compared ¢ the input,it gives an indicaticn 22 <he
final accuracy of the systenm.

When an axcitation i1g applised at =ths InTus
terminals of the system an output C{t) is producad z% the

system cutput terminals, which changes with +ime.

This wvariation of system ocutput C{f) wizth =ims 1

]

known as the +time reponse of <the system. The svstem
response for a step excitation is sketched in fic Z.1.
Various terms useé are definad below and ars illus=cratsd in

fig 2.1.

1. DELAY TIME Td:

The time reguired for the system output tc raach

one half of the final wvalue is defined as deslav =Zine.

2. RISE TIME Tr:

The +timz reguired for the svstem outpu=z

i
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from 10% to 90% of the final value is defined as

il

time.



3. SETTLING TIME Ts:

The time required for the system output to settle
down and stay within +2% or ~2% of the final value is known

as settling time.

4. PEAK TIME Tp:

The time reguired for the system output o rzach
the first maximium value is known as peak tims.
5. DUPLICATING TIME Td:

The time required for ths system output o reach

the final value for the first time is known as duplicating

time.

6. BUILD UP TIME Td:

The time reguired <£for the stsp excitad sys=ze

output increase from zero to final value when the increas

1]

th

is at a constant rate and is equal tec the maximium valuz <

the actual increase rate, is knowr as build up iime.

7. CVERSHOOT:

n

exZite

Ths ratic of the maximium valus of the st=

1

system output to the final output is known as ovarshoc= n

the system.

o)



2.2 TFREQUENCY RESPONSE:

Analysis

response

regquency response analysis or simply as freaguency

For

loss of generality, we choose a simple transfer funciion
J Y E
follows:
1
M(s) = ===——= 2.1
s+1
If a sinewave is applied to the systax
corresponding response fuction C{s), should be
1 W
C{(g) = =—====mm - TTTmTgTT 2023
s + 1 s+w
Inverse laplace transform vields,
\4 1 .
c(t) = —---go St R sin wt-(tan *{w/l.) . 2.
1+w (1+w=) ">
The second term of the »ight hand side 1s Csu
called the steadv-state part of the respenss, and tns I
term is called <the transient part. This 1s Ppacauass

former has value £ as t
dies put as t —--—-
have

is considered, we

defining the frequency respconse of a

-—-—-  infinity

infinity.

of system response through

due to sinusoidal input is known as

H

system,

If onlv the stesady

steadyv

rwhereas the

—-s8Tta-¢

(9]



clt) S sin wt-(tan tw/1) (2.4°
steady-state (1+w

I

Eguation 4 is a sinewave, with an amplitude 2

l+w2

and a phase angle = ~(tan"lw/1). Both 2 and ¢ are
functions of w. Eguation 2.4 can be written Intc many

forms; for example, the following ars some wall kKnown

expressions:

l.Trignomstric form: A sin(wt + § )

2.Polar form

e

A/Q with <the angular velocizyv w
3.Rectangular form:A (cos{ +3jsinl),or u+iv with w

4 ,Exponential form:A 2038 witn w

and

Ulw) = Re(a ¢'39)) = a cos(0)

viw) = Im(a ‘39 = a sin(0)

In dsed, once the amplitude and the phass angle of
a sine wave 1n a certain freguency w ars <dsterminsed, ths
sinewave 1s uniquely defined. The form in which 1t Lis
expressed is only a matter of convenience.

Bv considering w as & variablils, w2 dstarmins a2 =2t
of corresponding A and § .In other words once w 18 glven,

the A's and @'s of a linear system are uniguely dafinad. Ths
procadure menticoned above can be considersd zs 2z definizion
of the freguency respcnse of a system as wel

to obtain the frequency responss of a2 system in practice.

A



Performance specifications of control systsm with

regard to frequency domain are known as fregusncy domain

specifications. Freguency dcmain specification for = system
are expressed in following terms,
1. BAND - WIDTH (BW):

The frequency at which the magnitude of » 3w has
dropped to 70.7% percent of its zero fregusancy lavsl or 38D
below fronm the zero freguency is known as band wisf-- oF +ha
system as shown in the figure 2.2.

2. PEAK RESONANCE (M(W)p:
The maximium value ©f the magnitude of clzs=d ioop

h

transfer function (M{jw)) is d=fined as ths pesak ~sascnance
Mp or M{(w)p of the system.

3. RESONANT FREQUENCY(wp):

The frequency at which the magnitude cf iw. is
maximium is known as the resonant frecuency of =rs system.

4. CUTT OFF RATE:

The rate of cutt off for the freguency reszponse

characteristics at higher frecuencies is kxrnown as <h= cuts

off rate of the system. This indicates the syster aZiliity *o
distinguish betweeen the signal and the noise presanz n the
system.

5. GATIN MARGIN :

This is defined as <hes magnitude of the =r=czizrocal
of the open loop transfer function svaluated at === nhase

cross over frequency for which the phase o©f cgern locp



transfer function 1is -180 degrees. Hence the gain
margin(G.M.) of the open loop system transfer functicn is
equal to 20 log (1/{G(3w)) &t +the phase cross over
frequency.
6. PHASE MARGIN:

This is defined as 180 degrees plus the nhase Q(w),
of the transfer function at which the magnituds is unity.

This indicates the relative stability of the system.

The magnitude and phase angle of function G(jw) for
various frequencies are represented by various craphical
plots in different co_ordinates which givas better insight

for analysis and design of control systems.

The graphical plots generally used are:
1. POLAR PLOT:

This is the plot of the magnitude M(w) versus ohass
angle $(w). In polar co_ordiantes for varicus values of
frequencies.

2. BODE PLOT:

This 1is the plot of magnitude M(w) 1in dacibels
versus log w and phass angle @(w) versus log W in
rectangular co_ordinates.

3. MAGNITUDE VERSUS PHASE ANGLE PLOT :

This is the plot of magnitude M{w) in decibsals
versus phase angle ((w) in rectangular co ordinates wi<h
frequency as varying parameter. These are also known &as

gain phase plot of the system.



2.3 ADVANTAGES AND DISADVANTAGES:

ADVANTAGES:

Freguency response mathod 1is

investigation system performance due to

reascons.

1. As the <frequency response mzthoé and <+hs= =zl zar:
method are <two different wavs of appliyving ===z sams
principles of analysis and design, hsnce one mz=z-ncd may
be used to check the accuracy of othar.

2. Experimental data for control systams ars oftan
presented 1in terms of freguency response measzuraments
can be made with any degree of accuracy and cco-ranisnce
as compared to other methods.

3. The design specifications for ccatrol svsoer are
generally given in terms of system freguency r=sponss
characteristics. This 1s particularly trus <~<hen =he
input signals are random functions of time haw=w_nc conls
satistical properties.

4. In ccntrol system having multiple loops +thse Zrszgusncy
rasponsea method gives the design and anm=livsis
specifications more quickly than are cbiainsd = nole-

Zerc masthod.



5. Some of the procedure used for apalysis of non - linear
system are based on the freguency response methcd nence

it is preferred as ccmpared to other methods.

DISADVANTAGE:
The main disadvantage of the freguency respense
method for analysis and design of contrcl system is the

indirect link between the freguency and =ime domain.

2.4 POLAR PLOT

The curve that gives the information regarding the

gain and phase shift of the freguency function is known as

the fraguency response CUrve of the svstam.

The peolar plot of a sinuscidal transfer Zunction

G(s) is a plot of the megnitude of G{- w) versus <the ©Dhase
angle of G{jw) on polar co_ordinates as w varied frcm zZ2ro
to infinity. Thus the pclar plot ig the locus ©If VvVSCUoTYS
:G(Jw) as w varied Ifrom Zero to infinitv.

In pclar plots a positive phase angle is mesasured
counter clockwise, from positive raal axis { wes sav 1T &S

phase lead transfer function). aAad for negative phase angls,

it is measured clockwise frim positive real axis phase
lag). For plotting the polar plots wa are assuaming <tThs
feedback is unity (H(s) = 1 J, sc that open leoop +transier

function (G(s)H(s)) becomes simply Gls).



2.4.1 PROCEDURE

The procedure

below,

Determine the transfer function
Substitue s = Jjw in the transer
the freguency response function
Obtain the

magnitude of

infinity by having Lt |G(iw).
Calculate the
infinity by having Lt G(jw) and

Rationalize the

for pleotting pclar plots

G(iw) at w
and Lt
phase angle of G{jw) at w = 0

comples freaguse

is

G(s} of the systam.
function G(s) and obtal=n

G{Jjwj.

0 and w =

lG(jw)\

ncy function

seperate real and imaginary parts.

Determine
the
to

equal zero ie Im(G(jw)) =

value of G{jw) at the interssction

the
expression of G(jw).
the imaginary axis by eguatinc

zero 1e Re{G(Jjw)) = 0. Hence ca

G{jw) at the intersection
determined value of w in the
G(jw).
Sketch

satistifes

the frequencies at which the plot

real axis by eguating the imaginary

a.

determined value of freguency in

Determine the frequencies at which

the complete polar clot

part
Hence claculate t=2=
point by substitutinc

raticonalizad

The

n

O

I iy
(F
o]
{1
n
B
)]
rt
0
1
5
1
b
9]
3

the above gpecifications.



2.4.2 CHARACTERISTICS

For sketching the polar plots of an oren loop
transfer function G(s) the fellowing criteria ars used <o

determine the important pcsition of the complete plot.

l. From the transfer fuction C(s}) in general ths freguancy
function G(3w) is ottained by substituting s = Gw

-

(i.2)

[7}]
Ut
—
Il
[\
L]
Ul

Gliw) = wmeme——C IR (2.6,

magnitude and phase angle at w --=-% 0 is obtained by taking

the limit of 1 at w tends to zero.

2. At higher freguencies (i.e) w tends <o infirity =zhe
magnitude and pijhase angle are obtained oy  taking  tha
limit of magnitude and phase anglzs of 1 a2+ Tands

towards infinity. Depending upon =h= T¥pe oI the svstam
{i.e) the wvalue of T the magnituds can bs  zero o~
infinity and the phase angle is (m-n<-T! cagress. In

actual linear system the value of +h

[44]
=
+
o]
I
@]
H
U
[®]
n
i 'l
il
(I;

values of T will always be grsater

ri:

nan m. Hence the

curve for w tends towards infinity approaches tc  the

-k



rigin in the <clockwise direction making <hes curvs
tangent to the proper axis at the origin.
The freguencies at which the pelar plot intersects wish
the real and imaginary axis are decided by eguatinc +ths=s
imaginary and real part of G{jw) equal to zero {(i.a’

Im(G(jw}) = 0

Re{G(jw}),) = 0
The curve Zfor the frequency function having nz =irs
constant terms in the numerator is a2 smooth crn=2  wnich
the wvalues o¢f G(jw) decreases ccntinuously as v  is
changed from zerc to infinityv. 2Bu: when tre —ime

constant terms are present in the numerator The ghass
angle may not change continuously depending uson  <hs
values of the time ccnstant and thereby prodeucinc ducss

in the polar plots.

[{i]

Generally for investigating <he system properties =h

ot near the poin:s (=1=-0

}——.I
§-
i

exact slope of the p

}--t

required hence sufficient points of G{jw) are z-curaca
determined in this area.

Correlation exist between the polar plot an

™
0]
(1
[t
fu
193]
be

]
i}
0
K4
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I_i
i
i f
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O
N

state output of a fezedback contrsl system.
is governed by the type the system.

For 1linear time invariant systam polar oplect will

produce a mirror image about centrzl axis for w greater
than minus infinity and lsss ks zerc.



2.5 EFFECT OF ADDING POLES AND ZEROS

transfer function

o

1. Aaddition of a non zero pole to
results in further rotation of the peclar plot through an
angle of -30 as w tends towards infinitv.

2. Addition of a pole at the origin to & transfsr funciion

nits freguenciss

Fe

rotates the polar plot at zero and inf
by a further angle of -5C.

3. The sffect of addition of a zero *c a transer funzction

is to rotate the high frequency portion of <he oolar
plot by 90 degrees in counter-clockwise diracticn.
Studying the effect of adding vols and zero ‘s

useful while we design a system.
2.6 STABILITY

2.6.1 CONCEPT:

tability in a system implies tha*t smail changss in
the system input, in initial condi<icns or ip systen
parameters, do not result in large changes in system outpuc.
Stability 1s a very 1important characteristic of the

transient performance of a svstem.

Almost every working system is designed to te
stable. Within +the boundaries of garameter variations
permitted by stability ccnsiderations, we can “hen Seex tc

improve the system performance.



linear time - invariant system is stable 3= the
following two notions of system stability are satisfi=&,
1. When the system is excited by a bounded input ths outpuz
is bounded.
2. In the aksence of the input, the output tends <owards
zero (the equilibrium state of the system} irrespactive
of initial ccnditions. (This stability concept is known

as asymptotic stability.

{1

The second nction of stability Senerally concarns
free system relative to its +transient behaviour. =or non -

linear system, because of the rossible sxistence of multipl

[§)]

Fh

equilibrium states and other anomalies, +he conc o)

t}]
'
(l

stability is difficult even to define, sc that thers -

K

O

clearcut correspondence between the fwo notions of stazilizv
defined above. For a free stable non - linear systam, =rere
is no guarantee that output will be bounded whenever ‘rput
is bcunded. Aalsoc if the output is bounded for a particuiar
bounded input it may not be boundad for octher ©bzunded
inputs. Many of the important results oktained <=ruz ‘far
concern the stability of the nron - linsar systems i the
sense of the second notion above {i.2) wasn “he SvEtT=r has
no input.

The possibility of unstable operation is irnnm=ren=s
in all feedback control systems because of very naturz of

the feedback itself. An unstable system, cbvicusli zannces

perform the control task reguired of it. Therefors, while



.nalyzing a given system, the very first investigation that
needs to be made is, whether the system is s+*ablea. However,
the determination of stability of a systen is necessary - but
not sufficient, for a stable system with low damping 1s
still undesirable. In an analysis problem oOre must
therefore proceed to determine not only =Inhe absolute

stability but also its relative stability.

2.6.2 RELATIVE STABILITY :

Measure of relative stability of clossd locp system
which are open loop stable can be conveniently created

through Nyguist plot. The stability information oI such

systems becomes obvious by inspection of the polar plct of
the open loop function G{s)HE(s) since thes stapllity
criterion is merely non encirclement oZ (-1+740) point. It

can be intuitively imagined that as the poclar plot cets
closer o {-1+30) point, the system tands towards

instability.

2.6.3 GAIN MARGIN:

T+ is the facter by which the systern gair can Dbe
increased to drive it to the verge of ingtability. The gailn
margin{GM) can also defined as the reciprocal of thre gain at
the freguency at which the phase angle becomes 180 degrees.
The freguency at which the phase angle is 18C degrees is

called phase cross over freguency.



2.6.4 PHASE MARGIN:

The freguency at which fG(jw)i =1 is called <=he
gain cross over freguency. The phase margin is defin=d as
the amount of additional phase - lag at the gain <cross -
over freguency required to bring the system to the verge of
instability. The phase margin is always positive for stanhlsa

feadback systems.

The wvalue of phase margin for anv syster

computed from

phase mergin $ =I“ G(jw)H{jw)lw = w

¢ T180 degrees

where the angle at wy r the gain cross fregu

is measured negatively.

ancv,

Ly
i



2.7 A FEW COMMENTS ON PHASE AND GAIN MARGIN

The phase and gain margins of a control syster are

. -

a measure of the closeness of the polar plots to the (-1 -

m
0
' ]
te]
3

in

0) point. Therefore, these margins may be used as

criteria.

T+ should be noted that either thas gain marcin

alone or the phase margin alone does not glve a
indication of the relative stabllity. Boith should be Iivean

stability.

in the determination of relativ

M

For a ninimium phase system, both the phass and
gain margins must be positive for the system to Dbe scable.

Negative margins indicate instability.

Proper phase and gain margins ensure us againsz
variations in the svstem ccmponents and are specifisd for
definite wvalues of freguency. The two values bourd ths

behaviour of the clcsed loop sSystem near the  Ta2sC0nant

freguency. For satisfactory performance, *the phass Targi=
should be between 30 decgrzes and 60 degrezs and Ltz Fain
margin should be greater than 6 db. With these valuss 2

minimium phase system has gurantsed stablility, even - -3¢
open loop gain and time constants of the comdonents vary rofal
a certain extent. Although the phase ard gain marcins Tive
only rough estimates of the effective damping raz:ic o  thse

closed loop system. Theyv dc offesr a convenisnt means for



designing control system or adjusting the gain constants of

systems.

For minimium phase system, the magnitudsz arnd phasa
characteristics of the open loop +transfer Zuction ars

definitly related. The reguirement that the phase margin ne

betweern 30 degrees and 60 degrees means +that in a
logarithmic plot the slope of the lg magnitude curve at =he
gain over frequency be more gradual than -40 db/decade. In

most practical cases, a slope of -20 db/decade is desiranle
at the gain cross over frequency for stability. If it is -
40 db/decade, the system could be either stable or unstab . =.
(Even 1if the system is stable, however the phass margin is

small) If the slope at the gain cross over freguency is -50

db/decade or steeper, the system is unstable.

The gain and phase margin concepts are applicable

to open - loop transfer functions only.

In the fig 2.3 a typical G(Jw)H(jw) locus which

crosses the negative real axis at a fregusncy w = v with an
intercept of a. Let a nunit c¢ircle centred at origin
iobviously it passes through the point -1 +30 )é intersact
the G(jw)H{]jw}- locus at a freguency w = w; anéd lest <=h=

pnasor G(Jjwl)H(Jwl) makes an angle of 2 with +ths negazive
real axis measuread positively in counter-clockwise
direction. It is immediately observed that as G{jw)I{3jw) -

locus approaches ({-1+j0) point, <he relative stabilitv

reduces. Simultaneously, the value of a approaches units



and that of (¢ tends to zero. The relative stabili:zv could
thus be measured in terms of the intercept a or the ancle O.
These concepts are used to define gain margin and phase

margin as practical measures of relative stability.
2.8 CONDITIONALLY STABLE SYSTEMS:

If the open loocp gain is increased suff:iciently

-~

o]
o1

the G(jw}H(Jjw) locus encloses the (-1+30) point twice, an
the system becomes unstable. IZ the opren 1loor gain 1i=
decresed sufficiently, again the G{Jjw)H(jw) locus eanclcses
the (-1+30) point twice. The system 1is stable only for =he
limited range of the values of the open lcoccp gain fo which
the (-1+30) point is completelv outside the G w)H( w)

locus. Such a system is a conditiconally stable one.

A conditionally stable system is stable for =he
value of the open loop gain lying betwsan critical valuss,
but it is unstable if the open loop gain is =zither increased
or decreased sufficiently. Such a2 systen bescomes unstaznle

when large input signals are applied since a- largs sicna

may cause saturations, which in Zurn reduces the opern  lczozo
gain of the system. It is advisables ¢ avoid drop such

situaticons since the system may become unstable, should o=

‘the open loop gain drop bevond a critical valu

D

-

For stable operation of the conditionally szazls
system considered here, the critical point (-1 +30) must =o:
be located in the regions between CA and BC shown fig 2.Z.

2
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SOFTWARE DEVELOPMENT

1 t

A computer program 1in

—~
—

language is develcpsd

plot polar curve.

3.1 LIST OF VARIABLES USED IN THE PROGRAM

pn - To find the noc.cof Zirst order rooks in
denominator.

Zn - To find the no. of first order roots In
numerator.

m - To check with the value of pn during
execution.

b - Tc check with the value of zn during

execution.

dr - In which the magnitude of denominatcr is
stored.

nxr - In which the magnituds of numerater is
stored.

dr_theta - In which the argument of denominatcr ==
stored.

nr_theta - In which +the argument oI numeratcr 1=
stored.

r - In which magnitude of transfer functicn is
stored.

theta - In which the argument of transfer Zurctlicn

is stored.

xag, vag - integer wvalue of x and v raspsactively.



To convert x and y to integer.

Phase margin.

mulx
pm -
gam - Gain margin.
gcf - Gain cross over freguency.
Xw - Phase cross over fraguency.
Pg - To check the presence of second crder 1i-
denomiator
zg - To check the presence of second order
equaticn in the numesrator. |
o} - A array in which first order roots of
denomiator are storead.
z - A array in which first order roots of
numerator arre stored.
To centre the x axis {column) and vy axis
the

o h
o,

{row) respectively.
The arrays that are used in findinc

x3,v3
magnitude of first order roots in dsnomia
finding

ths

ra,ps
The arrays . -that are used in
magnitude of first order roots in numera=cr

Za,ZS
freguency.

To find the type of the systemn.

Maximium value of
freguency.

ot
<

mn Minimium value of

in' Increment of freguency.
To check the presence of transporiazion

in the system.

delay
lag



3.2 FLOW CHART

The Flow chart in TFig. 3.1 depicts the s:teps in

detail to be followed to obtain the pclar plots.

3.3 COMPUTER PROGRAM

A computer program in 'C' language is developed.

The listing of the program is given at the end of this chapter.



( START )

7

¥
READ THE FIRST
ORDER ROOTS 1M
HR & DR

Mh“*h‘h‘

¥

BREAD THE URLUE f
OF TOU AMND
(Ig BURDRQT]C

READP THE MH,
MX AND IMC OF
FREQUENCY

v

HO

YES

FIG. 3.4 .FIL.Oul

e

(o

CHART



FIND THE MAGNITUDE
OF FIRST ORDER ROOTS
IN NR&DR AND STORE 1T
IN THE VARIABLE MNR&DR

FIND THE ARGUEMENT OF

FIRST ORBER ROOTS ON

HREDR AND STORE IT 1IN
HR_THETA&DR_THETA

MULTIPLY TY TIMES H
HWITR DRAND ADD TY
TIMES 298 DEGREES TO

DR_THETA.
DR=DR*SORTL{{1-HZT=1 =+
YES ¢ 2HT OUT ) ©
=DR_THETA+
DR‘THETH:?ziTOU*I*H>
+aTAM ! ————— ——_——
1(i- W= T= 3
NO
i ]
i
|
-




NR=NR*SORT{(1-HZT=)= -
{2%TOUXT %> <
NR_THETA=MNR_THETA

i (2T OUNT M)
+RATAMN:

(1 - HETS)

MR=NR*1
NR_THETA-HR_THETA
- HW¥T

R=(NR*CONST) /DR
THETA=NR_THETA-DR_THETA
X = R*COSCTHETR)
¥ = R¥SINCTHETAD

l

CONUERT THE VALUE OF X&Y
TO MEGATIUE AND MULTIPLY 1T
WITH THE MULTIPLICATIOM
FACTOR TO GET X&Y IM
INTEGER UALUE.

[

YES



E

1

i

NO ;

f

YES ?
XH=X j
GM=-1/¥ |
XS=H i

PM=ATANCY /D
GCF=H

.
-«



THE UALUE OF X&Y

PUT & DOT HITH

DISPLAY THAT
THE SYSTEM 1S
STABLE

pISPLY THAT THE
SYSTEM 1S
UNSTABLE.

-«

'

pISPLAY PHASE MARGIN,
GaIN MARGIN, PHASE CROSS
OUER FREQDUENCY AND

GAIN CROS5S OUER
FREQUENCY

l
©




DISPLAY THE
SYSTEM 1S5 STABLE

DISPLAY SYSTEM 1S
UNSTABLE HITH
INFINITY GalIN

DISPLAY THAT THE
SYSTEM 1S STARBLE
HWITH INFINITY
GAIN

&
-

- 6 )

CHECK WHETHER USER
WANT TO GIVE THE
DIFFERENT UALUE FOR
MX,MN,INC. IF YES GOTO

STEP & ELSE g




3.3 PROGRAM

#include<stdio,h>
finclude<math.h>
ttinclude<flost.h>
#include<graphics. bi>
#include "print.c”
main()}

{

double p[18],pal[206],w, ps[2803,sen,psa=8.9,dr;
double =z[18], gam,éa[ZEE] zs[208], zdr=0 .8 ,nr;
double mag{bBB],arg[50@],omega[580], vx[SB@J vy[S@@]

int gd=DETECT,gm=CGACH,i,pq,2q,n,x,m=0,3=0,b=8,k=0,ny=0G, ne=2

int zn,v,pn,aa,aal,bb,bbl,xag,yag,st,hz,kj;

double dr_theta=@.8,nr_theta=0.9,theta,r;
double xa,va,xs=0.0,xw=0.8,vyw;

int delay,x1,x2,x3,v1,vy2,vy3;

double sem,ke,pm,gcf=6.0,ty,in,nx,mn,t;
double con,pt,pe,zt,ze,xas=0.0,yas=@¢.08;
int ssam,exsa,cam, mulx maxX,maxy, 2xX=@;
clrser(); :

vrintf(“"enter the no. of rcots in dr:");
scanf("%d",&pn);

printf("enter the roots now\n");
for(i=@;i<pn;++1i)

scanf("21f" ,&p[i]);

printf("enter the no. of roots in nr:");
scanf("%¥d"” ,&zn);

printf("enter the roots now\n");
for(i=@;i<zn;++i)

scanf("21f" ,&=z[1]);

printf("enter the constant in nr:")
scanf("%¥1f" ,&con};

printf("if quadratic equation present in
scanf("%d" ,&pq);

if(pa==1})

{

printf(“enter the value of e:");
scanf("21f", &pe); ‘
printf(“"enter the value of ot:
scanf("%1f" ,&pt);

3

P

printf("if quadratic eqn. present in nr.
scanf("%d" ,&zq);

if(zq == 1)
{

printf("enter the value of s: ");
scanf("%1f" ,&ze);
printf(“enter the value of zt: "):
scanf("¥X1f" ,&=t);

}

printf("enter the type of system:"):
scanf("¥1f" ,&ty);
printf("do you have any delay if ves enter
scanf("%d" ,&delay);

36

dr.enter 1

enter 1 else

I else G:

e

1

S

=3

Lo

=
=

7

")



if(delay == 1)
{

printf(“"enter the value of t: ");
scanf("%1f",&t);

b
printf("\n\n");
printf("so the given tr.fn.is in form given below\n");
printf(" "y
printf("%1f" ,con);
for(i=@;i<zn;++i)
{

if(z{i] '=8)

{

printf("(1 + ");
printf("%1f",2[1i]);
printf("s)");
1
3
if{zg == 1)
{
printf("(X1f)(X1f)",zt,zt);
printf("(s*xs +");
printf("(2Y(X1EHX(X1E)(s) + 1" ,ze,zt);
printf{")");

1
if(delay == 1)

{
printf("exp(~-(%1f)(s)",t);

}

printf("\n");

printf("G(s) = ");

printf( - "

printf(” "

if(ty ==1)

{

printf{ (s} " ;

}

else if(ty>1)

{

printf("{(s ");
for(i=1;i<ty;++1)

{

1
printf(")");
1
for(i=@;i<pn;++i)
{
if(pli] != B>
{

printf(" (1 + ");
printf("%1f",pli]);
printf(“"s)");

printf("*s");



printf("{[(XL£)(XLEY",pE,pL);
printf("(s*s)] +");
printf("[(2)(%1f)(%1f)(s)] +1",pe,pt);
printf("}"3;

K

printf("\n"J);

printf("press any key to continue\n");
getch();

oncesagaln:

clrser();

initgraph(&gd,&gmn,” " );

if(ty > @)

printf(" the minimium value of wW(>@):");

}

else
printf("the minimium value of w:");

3

scanf("%1f" ,&nmn);

printf(" the maximium value of w:");

scanf("%¥1f" ,&nx);

printf(” the increment of w:");

scanf("%1f" ,&in);

maxx = getmaxx();

maxy = getmaxy();

printf(“the msxXimium no. of pixels in horizontal is rd\n " ,maxx);
printf("the maximium no. of pixels in vertical is “d\n'" ,maxy’;
printf(" enter the centre co prdinates: " );

scanf("%d%d" ,&x3,&y3);

printf(” the multiplication factor:");

scanf("%d"” ,&mulx);

printf("do you the values of X,v¥,W,theta,magnitude (1/9: . R
scanf("%d" ,&vy2);

printf("\n");

printf("press any key to continue\n" ;;

cleardevice();

getch();

line{x3,@,x3,maxy};

line(®,y3,maxXx,y3);

onttextxy(x3+1,y3+1,"8");

outtextxy(x3-mulx-3,y3,"-1"};

if(ty == @)

guttextxy(x3+mulx+5,y3,"1“);

%f(x3<49@)

guttextxy(x3+175,y3+1," RE(G(jw))-——~——-— > "y
ilse

{
outtextxy(x3-386,y3+1," RE(G(Jjw>)

g
-

b
1f(x3<108)

{
outtextxy(x3,v3+168, "IN(G(Iw))");
1

else

{



?uttextxy(x3—1ﬁe,y3+1@9," IM{G(Iw))

for(w=mn;mn<mx; )

{

/¥ TO FIND THE MAGNITUDE OF DR. ROOTS

palj] = 1.8;

++3;

paljl = wkwxp[ml*p{m];
++m;
for(i=ﬂ;i<pow(2,m);++i)
{

psfi] = pali];

}

for(m=1;pn>m; )

X = pow(2,m);
for(i=@;i<x;++i)
{

psf{i] = pali];
1

for(i=x;i<(x*2);++1)
psf{il= pali-x]*wkwkp[m]*p[m];

++4m;
for(i=@;i<pow(2,m);++1)
{
pali] = ps[i];
}
1

for(izﬁ;i<pow(2,m);++i)
ésa+=pa[i];

if(psa<3)

ésa = —l%pssg;

ér = sqrt(psa);

/¥ TO FIND THE MAGNITUDE OF NR. ROOTS

zafb}
++b;
za[b]
++k;
for(i=@;i<pow(2,k);++1i)
{

zs{i] =za[i];

1.8;

wkuxz{ki*z[k];

for(k=1;zn>k;)

{

¥y = pow(2,Kk);
for(iz=@; 1<y;++1i)
{

x/



ze[i] = za[i];

1
for(i=y;i<(y*2);++1)
{
zs[il= zali-yI*wkwkz[kl*z{k]:;
}
++k;
for(i=f;i<pow(2,k);++1i)
{
zafil = zs{i];
}
1
for(i=@;i<pow(2,k);++1i)
£
zdr+=za[i];
3
if(zdr<d)
{

zdr= -1xzdr;
i
nr = sgrt{zdr);

/¥ TO FIND THE ARGUMENT OF DR */

for(i=@;i<pn;++1i)
dr_theta+=atan(w¥p[i]);

/* TO FIND THE ARGUMENT OF NR */

for(i=@;i<zn;++1)
nr_theta+=zatan{wxz[i]);
if(ty>8)
{
for(i=@;i<ty;++3i)
{
dr¥=w;
dr_theta+=1.578796327;
}
3

if(pg ==1)
{

sen = (l-pt¥XptXwkw);

dr= dr x sQri(((1-pt¥pt¥wkw )X (1-ptxptXwku) )+ (4d¥peXpeXptipukuky) );
dr_theta = dr_theta + atan((2%peXwXpt)/sen):

J

if{zq == 1)

{

nr = nr ¥ sari(((l-zt¥ztkwrw)*k(l-ztXzt¥Xwkw) )+ (dkwkwkzekzexztrzt));
nr_theta = nr_theta + stan((2%zekzt*kw)/(l-zt¥ztxwkw));
1

if(delay == 1)

{
nr_theta+=-1%w¥t;
1

r = {(nr¥con)/dr;
theta = nr_theta - dr_theta;
X8 = r¥cos{thets);



va = r¥sin{(theta);
va = —1lXya;
if{sen<®)

{

xa = -—-1x%xa;

ya = —-1Xya;

H

xag =xa%¥mulx;
vag = ya¥mulx;
if(y2 == 1>

{

omegalzx] = w;
vy [zx] = -1¥ya;
vx{zx] = xa;
maglzx] = r;
arglizx] = thets;
}

-/ :
ES TO FIND THE PHASE MARGIN X/

If((xag+x3<x3) && (yag+y3 != y3-1))
{
if(me==0)
{

ke = (xa*¥xa + vaXya);

if(ke>.891 && ke<l1.889)
{
circle(x3,vy3,mulx);
X8S = Xa;
yas = ¥a;
va = -l1xya;
pm = ({(atan(ya/xa)¥188)/3.141593);
gcf = w;
++me;

/% TO FIND THE GAIN MARGIN */
if(yag+y3d == y3)
{

if(xag+x3<x3)
{
1f(my==8)
{
1f(yva<d)
{

ya= -l*ys;
}
ssam= yakbddod;
if(ssam == &)
{
XS =XS +. W]
XW =XwW + Xa;



gam =-1.8%{1/xa};
J¥cirele(x3,y3,nulx); ¥/
ny = nmy+l;

K

3
}
putpixel(xag+x3,yag+y3,15);
an+=in;
zdr =£.9;
psa = B3.0;
k=0

?
.
3
L]
H

LA

LoBsw
nsas

nn;
dr_thets
nr_thets
ZX = zx+1;

1

finish:

outtextxy(200.,2," P 0 L & R Z L 0 T "3
outtextxy(289@,186," "DO vou want to take printout (v / n)
if(toupper(getch(})=="Y Jprint_graph{ ' ,8,1);
closegraph();

clrscr();

1f(xw !'= 8 )

a.8;
0.6;

{
ifC((xwkmulx)+x3<x3) && ((vaxmulx) i= 8))
{
if(gam>1)
{
printf(” SYSTEM IS STABLE
1
else
{ .
if{gam<l)
{
printf (" SYSTEM I35 UNSTABLE \n');
1
}
printf{(" THE PHASE CROSS OVER FREQUENCY = ¥1f\n",xs);
printf(" THE VALUE OF X = %1f\n",xw);
printf(” THE GAIN MARGIN (GH) = %1f\n".,gam};
printf(" THE VALUE OF ¥ = ¥1f\n",xas);
printf(” THE VALUE QF Y = #%1f\n",vas);

printf(" THE PHASE MARGIN = ¥%1f degrees:\n", pm};

printf(" THE GAIN CROSS OVER FREQUENCY = %1f\n".,gcf};
}

1

else
{
if({ gef == &)
{
printf(" SYSTEM IS STABLE \n");
}
else
{

if(pm<@)

N
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ai g



{prlntf( "SYSTEM I8 UNSTABLE WITH INFINITY GAIR\n"}:
printf ("PHASE MARGIN = %1f",pom);
1
else
{
if(pm>@)
{
printf("SYSTEM IS STABLE WITH INFINITY GAINND™ Y;
printf("PHASE MARGIN = %1f" . pm);
3
1
1
1
if(toupper(getch()) == "y ~ ) %/
Printf( e __
printf(" w mag thets ble
printf( - R,
if({yvZ ==1>
p
L
one:
for(i=@;i<zx;++1i)
{
printf("213.81f" ,omegali]);
printf("%13.81f" ,mnag(i]);
printf("¥13.61f" ,argl[il);
printf("¥13.81f",vx[i]);
printf("%13.61f" ,vy[i]l);
printf("\n\n");
++3;
if(3 == 12)
{
printf("press any key to continuenn' ) ;
getch();
i =0 ;
goto one;
}
}
3
last:
getch();
printf("\n\n");
printf("DO YOU WANT TO PLOT AGAIN ¥ITH OTHER PARAMETERS ° e R
if(toupper(getch()) == "y’
{

clrscr();

goto onceagain;
1

3



CHAPTER IV

SIMULATION EESULTS A AXNALYSTS

The developed program 1s tested cn 'LaN' computer
system., Five tranafer Iunctions are sosalated and til

lots obtained are shown in Fig. 4.1 to Fig.4.5.
o

Necessary steps are incorporatad 1o the »2rocram
t¢ analyse the systewm from the polar ovlots. The dehsilled
analysis swuch as whether the is stabis oxr unstabla, rela-ive

stability ete. are obtained for sach s

The resulis coktained are presented Lelow.

(1 + 39 )
l.a. G(s) N
{1+ 28

SYSTEM I35 STABLE

j—
s

2 - G(S) = e ——- e ———————

SYSTEM IS5 STARLE WITH I[NTINITY GAIN MARGIN

PHASE MARGIN == 55.84°

bl



3. Adding a Pole to 2.

i.e.
5
G(sS) = —————mmm e
{1 + ) (1L + 2s) (1 + 3s)
SYSTEM IS STARLE
GATN MARGIN = 2
PHASE MARGIN = 24.92°

li
}._l

PHASE CROSS OVER FREQUENCY

GAIN CROSS OVER FREQUENCY .71

il
&

4, Adding a Zero to 2.

SYSTEM IS STABLE

5. Quadratic Factor

SYSTEM IS STABLE WITH INFINITY GAIN MARGIN

PHASE MARGIN = 50.26":
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CHEHAPTER ~ V

CONCLUSION

Fh

In this project, a softwars package has b=san

developed to draw the polar plot without the aid of <+hsa

3
413
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polar sheet and accessories. Ti

type 0 & 1 systems are presentad. Instead o time consuming

1~

manual analysis, Just b giving +the +transfer Ffunction,

maximium value, minimium value and increment of frec

o
0
8
9]
I-J
0
0

0]

it is possible to obtain the curvs within 2 short Zime. iy

the analysis leads to design which involves inclusicn =

I

0
it
i. Fl
=t
[¢)]

modification of the system parameters 1t Dbecomes

consuming process. Hence the nodification like adding =
pole or zero, including an integral furnction can be easily
done using this scitware. Further analysis afzer
modification is done within a “aw minutes. Tt will raduce

human work.

The accuracy of the outnut (i.s@ +the bhas=s marcin
and galin margin is closely related tc +the incremers =

frequency.

It is found that ths softwars rproducses satizfactory

results.
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APPENDIX A - DEFINITIONS

SYSTEM:

A system is a combination of components +hat act
Y

together and perform a certain objsctive.
CONTROL SYSTEM:

The control systsm is that means by which any
guantity of in interest in a machine, mechanism cr <cther
equipment is maintained oxr altered in accordance with &

desired manner.
OPEN LOOP CONTROL SYSTEM:

Open - locop controcl systems are control swvstems Iin

which the output has no effsct upon the control acitiocn.
CLOSED LOOP CONTROL SYSTEM:

A Closed - loop conirol system is one in which the

output signal has a direct sffect upon the contrcl acticn.
LINEAR SYSTEM:

When the magnitude of the signals 1in = control
system are limited to a range in which system exhiblits
linear characteristics (i.e. the vrinciple cf superposition

applies), the system is linear system.
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NON LINEAR SYSTEM:

When +the magnitudes of the signals are extended
outside the range cof the linear operation {(i.e. does not
obeys superposition <theorem), +<he system is non lin=zar
system.

POLE:

If a function G(s) is analytic and single valued in

the neighborhood of i, except at s;, it is said to be hazve
a pole of order r at s = s; if limit
. N g
limit (s=s:)" Gis)
g = Si
has a finite non zerc value.
ZERO:
If the function G(s) is analytic at s = 5., -+ is
said to be have a zero of order r at s = s;, if the limit ,
R . - \
limit (s - s5) Gis)
s - Si
TIME INVARIANT SYSTEM:
When the parameters of a control svstems ars
stationary with respect to time during the cperation of =he
system is called a time invarian® svstém.’



TIME VARIANT SYSTEM:

When the parameters of the control system are
varying with respect to time during the operatior of +ths

system is called time variant systeam.

TYPE:

-

In general open loop transfer function of a unityv

feedback system may be written as

n
3
H
e
—
+
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the type of feed back control System refers to the order of

the pole of G(s) at s = 0. Therefore, the system that is

described by the G(s) is of type n, wheren = 1,2,....



APPENDIX AN INTRODUCTION TGO " 'C°

—

C was written by Dennis Ritchie in the early 70 ‘s

to support the development and implementation o= 32113

[

Laboratories UNIX operating system. C is often tha language
0f choice for the development of systems software, by +he
developers of personnel computers and is encounterad ‘- r=al

time applications.

In any programming L&nguage, programmers cften

simplify a difficult task by breaking the task into several
smaller, manageable ones. In ¢, we call these smaller zz25kg
functions. By combining functiocns, we creats procramxs. a
major benefit of separating large programs into functiors ig
that several programmers can work ©n the different parts of

a4 problem at the same tims ang later combine these tc  come

to a final solution of ths problem. Once a functiaon is
created we can reuse this in othar programs without Havinc
to change the code and this saves a great deal of tim= ang

effort.

C is a free format language, which means tha+ wa do
not have to specify line numbers or place our statemer-s in

- —ead

specific locations of a line.
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ADVANTAGE OF C LANGUAGE

1.

C 1is one of the most portable programming languages in
existence. A program written in C on one machkine will
normally run on other machines with 1little o= no

modification.

C provides us with a large s=t of data structures, =

o

-k

0

economy of expression and 2 robust collection

operators and thus helos in cass of development.

C provides access to operations that are normally
restricted to assembly language programs. The
advantages gained by employing a high level language for

these functions include case of development and tssting,

increased protability and modifiability.

UNIX one of the most overating systems in use today and
it may becomes an industry - wide standard operatinc
system.  85% of UNIX code was written in C and this

fetches many adﬁantages.



