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Optimisation principles Pre of 

undisputed importance in modirn design and system 

operation. Here in this dissertation, Regulatory tschni-

que has been used to solve the problem end in designing 

a practical p-2. -d controller. 

To start with different controllers 

end various modes of their operation have been considered. 

Comparitive study of different controllers hertz'- also been 

discussed. 

In the second chapter optimization 

principles are used for the linear regulatory system , 

Merits end shortcommings of applications of this theory 

are also Included. The theory has been applied to design 

optimal p-i-d controller for the furnace temperrture 

control. 

Optimal settings could also be found-

out by using empericel formuleej. I11 such empericel 

iormulee' which have practical applicability have been 

discussed in third chapter, 

An electronic p-i-d controller 

have been designed by using optimal theory. Test results 

are given. Keeping the experimental tolerances in view 

practical and theoriticel results were Approximately 

Same. 



+rr rm r ff Me ma~0r ~~Tr r 

CHOTBN 	 PAa 

ACKNO JL'j G.".t4E TS 

SYNAPSIS 

	

I 	I1ThO 3UCTIO1 

2.2 Controller 	 1 

1.2 Modes of Action 	 1. 

	

II 	OPTIMAL Ar :"3Q? Uk p--1-d QU"TTRU .L;.Hi 

2.1 Optimum Controller 	 6 

2.2 ueeign ,is a L3nepr Regulptor 	7 

2.3 Application to Industrial rurnmce 21 

	

III 	QPTIXAL SETTP'TQ 0k C + hOLLER 

3.1 Using Emprici1 bormules 	36 

3.2 Procedure of Cetting 	 39 

	

IV 	JESUP c DEV!LQPMVVVT OA ILECTRO 1C 

p►i.d GQ'ITI Q ,L0 

4.1 Introduction 	 41 

4.2 Design Considerptions 	 41 

4.3 Design 	 42 

4.4 Procedure of Getting & Testing 	53 

	

Y 	QQNCLUSIOKS 	 55 

BII LIOQIUPHY 



CHAPTER - 1 



Unique cpocificntionc 2n oaod on 

the porfornc'nco of tho control ayateno nra chiefly dictr-

tod by the procice nntura of the prrticulcr job to be 

hnndlod by the oyctora. Firstly, it is rerconnble roqui-

ra ont that the trrnoiont component should not be 

unbounded no it rpprochoc infinity for mrny bounded input. 

Thin to the typicnl condition of nbooluto ctobility for 

c linrrr nyotam. An ouch, condition of nbooluto otnbi-

lity to not comploto mod cufficirnt in docidin;; the 

porforonnco of the cyaton. t control oyetom any be oxtro-

moly occillntory though nboolutoly stnblo. In cnaoa of 

thin typo It will be doairnblo tort the occillntionc 

should Cottle down, within the necoptod Bits. 

Concornina the overril porfornnnco 

of the ryeto© ronin function of the controllcr o :ployod 

in cyotcm in to rttrin this nary opacot'ic roquiremant. 

Thuo rutorrtic controller in r►n inctruxaont utillrod to 

mnintrin the controlled vrrirblo nt the doairod orluo. 

Tho nutoortic controllcr cunt be docs nod to provont the 

lord dioturbrncoo Rffoctina tho vnluo of the controlled 

vnrinblo. .•:oot ioportnntly 9  therefore, the control of 

fond Aicturbrncoc hrd rltryc boon of price inportrneo 

in the rutoontic prococa control cyotone. 

1.2 r:odoa of Controller : 

.&'ho nutonrtic controller, includinC 

Its nar'ourinC norms, dotorminac the vnluo of tho controil.cu 

yr irblo, comprrec the retunl vrlue to the dacirod vrlu'">p 
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dctorc1noc tho dovirtion rnd produces the counter retion 
n000csrry to c rintrir. the crllort pocciblo dovir►ticn0 
the method by which the roto- rtic controller producer the 
countarrction In cnllod the dodo of control or control 
ret 2.on. 

In cnoiyzing v specific control prob-

len ri choice brood on ocononic fpctor s aunt be nr~do on 
the yr-riouo control rctionc. Gonor ily cpotRlinC, the more 

difficult the control problem, the mora c nn plicsitod the 

controlling porno becan-ors. This doe; not ot rll corn thrt 
r co 1plicrtod rutoxmntic controller is nocosorry to produce 

good cutoa~r,tic control. Un the contrary, the simplest 

control dovicea fire of'tcn cnpr.blo of prov,iding r. high cur-. 
lity of control. 

Coch of the control is rppllcr►blo to 
process hrvin cortpin chproctor1otics• Lore,, tho offo-
ctivenoss of the vnriouo modau of control by comprrinc 
the responses to n lord chrngo on r process oho in 

L ia. i, hers concidory d. 
ho process aqustion is 

Cc 	 13 

cc1 8 1) (T2C i) 	Tad' i 

uharo C is the controlled vr~rieble = herd in the lauor 

vessel 



..; 

l = racist neo of lover outlet vrlvo. 

Tl = time conotrnt of lowers voccol = Rl AZ. 

~w2 = tiOO conotrnt of upper vessel = i 2 A2. 

n = mrnipuiMtod vrx'irblo = inflow to upper vaccol. 

u = lord vcrinblo = inflow to for or vossol. 

If the voocel tixno conctrntn Pro 
oquri, T a 20 ooco. As shown In £ ig bolou v chrngo of 
Inflow to lower nocool ar y result in opprecirblo dovin-
tion for oevorr1 minute. The follouin(, co onto apply to 
arch type of control. Tho nucaborc corrospond to the 
nucbore covers of kig.2. 

1. Proportionrl - dorivptivo Control = It provides the 
si€ lloot n ±xicum error brcrusa the derivative pert 

of the rccponco nllor c the proportional aonoitivity to be 
.incgirood to r high vrlt oe 'ho ctobil pntion time is 
smrllect vocpusG of tho dorivrtivo ration. utfoot is 
nll000d but Is only hnU that experienced without doni.-
vrtive ration. 

2. Proportionol - integrol - dorivptivo E It hoc the 
noxi s'. rllcat rnn,zioum dovintion end offoot is 

nr'tod bccruso of the intogrrl action« i osovor , the rddition 
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of intagrrl action mtricodly tncreroas the ctrbili-
crtion tics. 

3. Proportionrl control s It hnc lrrga otzimura davintion 

then controllers with dorivntivo rction boceuso of 

the nbse' co of this atrbili2ing influence. Offset is 

Plan lrrCo. 

4. Proportionrl - intogrrl control s it hrs ro off cot 

of the intoarni ration. the unstrbi ,izing infiuonco 

of intccrrl roc3onoe is rofioctod In tho lrrgc maxicuo 

dovintion rnc1 poraictin devirtion. 

S. IntoGrr.i control s It is bast cuitid for the control 
of processes having little or no energy strormga Pnd 

the roculto of the conprrison Pro not represontrtive of 
nil into'ri control. t1ou-aver, on this process, the 
results indlcrto r lrrr crris:un deviction end r long 
ctrbilirption tine. 

I4th the result of this co'prricon 
in rind, it is logicni to Pok shy proportional - integral 
dorivrtivo control ration is not univcrcr+l oc ployod. 
The rnouar is gonorrily bread on ocunon is rorsono, boce-
uua arch rc~ditionrl control rotion usunily requires nn 
rc;uitiorrl piece of cquipEont tort must be purChrcvd, 
inctmll©d rnd grintninod. In rddition, arch control 
action cry require ndjurtmrnt of r perr,cetor such vs 
proportionrl sonsitivity intoprrl tics or derivrtivo 



time. This often requires considerable instellption 

and mpintenee time in order to obtain the proper 

Adjustment of persmeters. 
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W~  i~1 	~! jwg 

The word optimum is ncoocirtod 

with cyotca doa1gn in tochnierl litorcturo. The 

optimum control cybton 18 dofinod ao tho control cyotcm 

thnt ninimisoc c groan error index for n given dynamic 

process find subject to given design conotrcinto. It 

should be noted that c optimum cyotcm iso defined In 

term of mPthen sticrl oodol of the design problem. 

If the rnrithomoticnl model is cltoradg than the cini-

miUotion lccdc to n different control cynton. A typicr.l 

chengo In tho r rthemoticnl modol criaoc from the rdjuct-

m ont of tiOight icetorc in the error index, 0 procedure 

which cry be required in ordor to crtlty obi the docign 

opocifientiona cthultrnooucly. 

Prrrnotera such ra gcinc rnd time 

conotrnto rre r,djucted, when the configurntion of the 

controller to rcnunod fizcd rnd r limited number of 

prrr otera rro ndjuctod to minimize tho error index. 

i'rrrm.oter opts si2Ption in the coloction of those 

pnrriootorc to minimize the error Index. 

hon the ayoton optimizrtlon rocults 

In linorr controller, the controller is tamed the 

unarm optimum controller. On the other hind than the opti.-

nun controller in in fret non-linerr but one conotrrina 
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oneself in inveetigpting only lin4rr controller , the 

resulting Liner controller is termed the "uptimum 

Liner Controller". 

There Pre two types of problems 

in optimrl control s 

1. Regulator Problem. 

E. Trecking or Servomechanism Problem. 

1. fleguletor Problem $ &uppose that initially the 

p.lnnt output or my of Its derivptive is nonzero. 

Provide si plant input to bring the output And its aeri-

vetives to zero. In otter words, the problem is to 

apply a control to take the plant from e non-zero state 

to the aero stmte. This problem may typically occur 

where the plrnt is subjected to unwanted disturbances 

that perturb its output. (e.g. A r mdpr control system 

with entenne subject to wind gusts). 

2. Tr coking or Servomechanism Problem : Suppose that 

the pl ►nt output or deriv.tive is required to track 

some prescribed function. Provide A plant input thrt 

will cause this trecking. (e.g. when a reeler entenne is 

to trpck eirereft such r control is required). 

2.2 Design me a £inecr Beguletor $ Consider a line1 r 

time invprient system 



r - 

x- (t) ` Ax (t) T Bu (t) + • Z (t) 	 . .... . . (1 ) 

where x (t0) = xp 

and define three measurable system outputs. 

y(t) = C'x(t) 

y0(t) = D'x(t) 

yd (t) = E'x(t) 

Where x(t) is an 'n' state vector, u(t) is an 
control vector, z(t) is a 'k' disturbance vector, 
y(t) is an 'r' output s y0 is a 'p $ vector of the 
outputs specified to have zero steady state and yd 

is a q vector of outputs to be used in derivative 

feedback. A, B, F, Ca y D' and B' are constant - coeffi- 

cient matrices of appropriate dimensions. It is assumed 
that O<'q ,<r <n, p (n and k <.n 

The control "u0" is assumed to the 
output of a 3 term controller with input y,y° and yd 

so that 

~(t) -- -k y (t) - ki y° (t)dt - kd 3'd (t)u0 .... (3) 

to 



Where kp , k1 and kd ere the proportional, integral 
and derivative feedback gain matrices of the dimensions 
a x r, a x p and a x q respectively, and u0 is the 
a - dimensional initial control vector. Such a regu-
letory is shown in iig. 3. 

from eqn. (1) And eqn. (2) it follows that 

~d(t) 	B x(t) 	E' (Ax(t) * Bu(t) w FZ(t) ) ..... (4) 

Co that the p-i-d control low, equation (3), becomes 

t 

uo (t) * - kkC ~ x (t) - ki 	t3' x (t )dt - kdE' 	Ax(t) 

♦ 	Bu (t) * FZ (t) * uo 

If z(t) 1s assumed to be slowly vPrying quantity or 
e constant i.e Z(t) = Z = constant. then 

t 
u°(t) 	- (kpC' + ltd F'.A) x(t) - kjDr x(t)dt + Uo 

- kdE 8th (t) 

uo(t) ( Is.  + kdE ~ B) 	- ( kkC' * kdE ' A ) x (t) 

+kiD' x (t )dt * uo 

to 
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u°(t) = - (In +kdB IB) 

+ kiD' 	x(t)dt 

( kpC f  + kdB A ) x(t) 

- 
+ uo  ( Im  + kdE'  B 

)1 
 

u0  (t) _ - ( I. + kdE'  B ) -1 	(I C t  + kdE I  A) x (t ) 

+ kiD I 	x(t) dt 	+ ua 	........(5) 

i -1 
where ue = ( I. + kdE B) uo  ....... (6) 

The control law equation (5) in a more compact form 

u°  (t) _ - kp*  x (t) - k 	D 1 	x(t)dt  + ua 	... , . (7) 

Where new in x n and in x p dimentional, proportional 
and integral gain matrices kp*  and ki*  are given by 

kp*  = ( Im  + kdE '  B) 	(kpC  + kdE I  A ) 

ki* 	(Im + kdS'B )1 ki 

Equation (7) shows that for a given system, equations 
(1) and (2) any p-i-d output constrained controller 
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equation (3) cpn be reduced to r "p-i" controller with 
complete - state proportional feedbeck rend integrsl 
feedback limited to the spme output v'ripble y° (t) as 

used in p-1-d control law, eqn. (3). It r.Lso shows 
that optimum complete state feedbrck regulptor perfor-

mhnce cpn be Pchieved with on incomplete - feedback 

replisption, by introducing e derivrtive cntrol 
action. 

Iow, the augmented with "p" integr rls 
of outputs ,, The augmented (n * p) th - order system 
for z(t) - constpnt, is than defined by 

A /\  (t) a Ax(tJ " i3 u(t), x(t0) 	xo 	....... (~) 

where  
x "  

= . 
1. 

xes 

V - vee 

u=u-u 5 

t 

V = vo *J'0(tMt y0 * u /x (t )dt 

t̀o 	 0 

	

n+ 0 	n 
A 

33 	0 	0 

end the subscript as designwtes stepdy - etrtte values. 



by Pseocit ting the eyetes: model, equation (9) with 

the quedr ptie performance index 

J ffi 	 * u+ (t) siu (t) dt 	..... ~, 	~s(t) ~ x(t) 	 (ip) 
~ 

where 	
Q 

 

Qn 0 

a 

n 

0 

A 
c, 	> 0 is erg n z n oonstsnt mitrix. 

A 
p Qp 0 is r p x p constant ortrix . 

Anaa = R> o is nm t constrntmitrix. 

the solution for the feedbeck - grin - mrtrices icp• 
snc ki' In equrtion (7) con be obtr+ined, provided 
thrt the conditions of complete oontrollebility end 

observmbility of the triple [ ' : 4 'J ire s Llefieds 

Then, 

NI 
kp 	a 	t loll 

....... (ii) 
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Where pll  and P12  are n x n and n x p dimensional 

submatrices of an ( n + p ) x ( n + p ) constant 

matrix. 

	

A 	A 
P11 p12 

p = p 	
U ..SSSS .... (12 ) 

p12 p22 

The unique positive definite solution of an (n+p) th 

algebraic matrix Riccati.. equation 

	

A A 	As n 	A A _1A'A PA + A P .. PBR 	B P t Q= O 	....(].3) 

The asymptotically stable optimal closed - loop system 

obtained by substitution of. equation (7) in equation (1), 

also represents the closed - loop system when the p-i-d 

control law equation (3) is applied to the system in 

equation (i). 

t  1 
i(t) = Ax (t) + B -kp*  x(t) - k D,,/'x(t)  dt+uoo  

to  
+ Fz(t) 



B! 

1) It1I 

(t) 

and 	 # Q  

u (to) 	uo 
...... (id) 

-, 	1 
bhor o u0 	_ a 	B p 12 v© 

?ho p-i-d controllor ropiiootion oquc tion (3) roquiroc 

tho foodbnck - grin oc tricoo kp, ki  and Icd to be 

dotorninad by tho solution of the actriz oqurstion (8). 

The nunbor of unimotino 3c cr wp * nq o (p' r+q ) 

uhilo tho nuobcr of oquotiono to in - rip n (n+p). In 

acnorrl ouch t oyctoo hovo solution if 

r' q 	n 	 . r....••iCa (15) 

1.0. uhon the aura of numbora of proportlonni rnd 

dorivrtivo action is crontor or iquol to tho oyotoo 

odor. i•or r - q c n, the unique roniioetion of c+ 

p-i-c] controller i0 
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C 

kp kd kp* 
au n t - 8 Bkp 

L 

k1 	* I * kd F 1 B 	ki p 
J 

...... (26) 

un the other hand, for r * q n, the renliestion 
of rn optimum p-iwd regulator mey exist, but the solu-

tion for the grin matrices kp, ki end kd is not unique. 

It c,n be expressed ns 

_1 

	

~ 	 R 

• _ 	C, 	:0 
kp kdl 
	

t. 0. 

and ki = 	
C I. •Ikd B' 

ki 
) ,kip► 

Where Arbitrarily chosen metriees G (of the dimension 

r x Cr * q . n ) )And H (of the dimension q x (r + q - n) 

ensure the regularity of the inverted pert in the first 
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of equation (17), the dimension of which is 

Cr *q ) x (n *q ) 

Short Comings of the above Method $ Although industripl 

regul,tor design is nearly always based on linear models 

of the processes to be controlled, such models Pre plw ys 

ineccurte. InFccurPcies cry erise from rpproximptions 

mode in the theoreticP1 description of the process, 

from lineerising s, non-linen model to obtPin one more 

emeneble to Pnelysis from errors in parr*metere iaentifi-

cetion mnd from meny other sources. 

Advantages i 	If we Pre given P system by equmtions 

(1) end (2) in which the disturbances is unmepsurpble, 

et~►bility end output reguintion may be rchived by the 

state rnd output feedbrck. 

Design m p-i-d controller using linen 

regulptory theory for P second - order system. The system 

perennetars ere 

0 1  
R 	 $ as 	L = ' 	I 

1 ©, 	L1J 	~Z 

1 p 	C 	=  
I  ~ 
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c.b 	:sb 	1 	0' 

with the weighting mctrices 

0 

=l tth s F b ==1 

~0 01 

...*e.. (i8) 

Colution s 	To find the control 1pw, we must first 

find kp* Pnd ki* i.e. P, which ern be found from 

the aicemti equrtion 

A fi , A I"  / _ 1 As  A 
p t + i P •. 	P 	ti h ii 	F+ Q 	=0 

A 0~ 0  1 A 

tiers 	I = 1 —i 	0 

v 0 1 	0 

0 0 

0 	0 0 

b 0 t 
13 

-0 
J 
	It 	=1 

a 

0 

0 

0 

-1 1 



1F- 

j 	0 	4 0 0 

y ~ y 0 0 0 

0 	t#p 	 0 	0 	1 

.~.  Riecpti equption becomes 

	

H11  F12 p1- 0 	0 1 

p21 p22 F0~ `1 0 0* 1 0 0 

X31 	P32 	P33 ! 1 	0 	0 	0 	0 	01 

p11 	P12 	P1.~.  p12 	X13 	0 

p21 	p22 	p2 
ti 

P21 	P22 	P23 	1 

p31 	p32 	F33 p31 	p32 	P33 	L° 

! 	All '32 	p I3` 
0 	1 	0 0 	0 	0 

p21 p22 	p23 
0 	0 	1 

_!31 P32 	p33 

M 0 
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law, simplifying the Pb©ve mrtrices, we yet 

	

- p12  * p13 pll 	0 	-p21+ p31  `p P33  _P22+PM  
s 	s 

	

P22 { p23 pP1 	0 	pll 	p12 	p13 

	

L P32 • P33 P31 	
0 	0 	0 	0 

p  12P21 	p  12p22 	P  12$2.3 	4 	0 	0 

p22p21 	022
2 
	p22P23 	0 	0 	0 ... t: 

PU 21 	P32p22 	P32p' 3 	0 	0 	1  

J`dding the 1..H. S. metrices Rnd then equ€ting 

corresponding elements with Ii. .C. matrix mnd simpli-

fying, we get 

p11 
	5 	p21 	2 	p,. 	2 

p12 	
2 	

p22 	2 	P32 = 1 

p12 
	2 	

p23 	1 	p43 = 3 



Optimum grin 

kP4  = R -I 'd/  ?11 = 
0 1 62  

J[2 2 

S 

 

112 
- 	JL1 

optimum control Iry (egartion 7 

u(t) 	- kp  z(t) - ki*  i' 	z(t) dt * u0 

becomes 
t 

uct) 	- 2 x1(t) - 2 x2(t) - fro xI tt)c'it * 



FIG.4 	ELECTRICAL HEATED FURNACE 
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. !IP 	t4irktpv *i 	iWi'1J 

Toopor tturo is one of tho iroot 

irportrnt prococe vrrirblo. Go iero cn oloctricpl hontod 

furnnco is considorod to control Ito tomporrturo i.e. 
uo nro intoroutod in doaianing no controller for the 

t~ui'fr►1 furnrca. Tho apoci:t`icctIon of furnnca rro divan 

balot. 
doctor Hiro of 1ipntI L /•1 (T 

Chromium rlloy) 14 C GAJ; Input 440 V9 3 O 50 Hz. 

cnpncity 10 Kb. 

ihorcni cnpncity of Lontor uiro C1 = 66 d~.'Lh.0/°i. 
ahoronl conductivity of ,iortor triro Cl = 0.32 .d.Th.U/* io./'r 
lhc+rmnl cnpmcity of hoots ne chrmbnr C2 c CO u. th.0/`i'' 
Thorcnl conductivity of chrmbor L2 = O.2,, ".`Th.U./asci/ ' 

:!o•iy before rnnly?ing the problem lot ua conoidor the 
folio*.ping nocuoptiona i 

1. Tho hunter hnu r nogligiblo inductrnco. 
2. Tho m€ 	of the rnotcl in homer rosistrnco in o ,ell. 
3. The lord u2ro ion the voltroo courco to the hector 

mny be nocuciod to conduct nogliGiblo hont rvry 
from the coil. 

In oioctriec1 hontod furnrco is ohoi n 

In L 2 J.4. iot the thormrl crpr~city Pnd thoroc1 conauctrnco 
of the heater be Cl rnU 01 roopoctivo.,y. ihon hent to 
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trrnnforrod from hortor to the surrounding fluid 

recording to tho rointion. 

q3 M fll '(01 - 02) 	 .....•.... (21) 

there q is the pert trrnamittod from chrmbor 1 to 2. 

6 - is tho difforonco botuoon hontor ala-aont tornparrturo 
rind tho mmbiont tanpormturo. 

82 - is tho difforonco bottroon tho to~apormturo of tho 

hooting chr bor r d tho r~mbiont to pormturo. 

I'ood l combining rnd aquotlne the rrt:i of input hart with 

tho rate of tho output hoot s uo # rvo 

dO1 
q 	'C 	,,..,,,,.,,,.,,  

dt 

d81 
In tho otornao of hart 

~shoro C1 
dt 

from (21) tend (22) rio got 

$ 1c1 	'~ R 	8 -  
cit 

:.horn q lc tho totri hoPt rrto of too hooting olo~aont 
omLOddod in tho hortor. r,lao, siilrrly for hooting chrTbzr 



462340 

~ *e 	d~... 	.. 	r•r•.r (24) 

dt 

rearranging equation (23) Pnd (24) we obtain 

41 Q1 ` G1 02 

dGI  1  a a or 	______ 	_ _ q * ,,,._,,,_,_ ~g 1 - ,,,,...,_ ~j2 ..... (25) 
dt 	Cl 	C l 	+ l 

rd 0= ~- ~i~1 + C2 ____ * (til °2) ~2 
dt 

dQ2 	tii 	(01 * 02) 
or  

dt  C2  C2 

let ©1 g1  02 = X2 Pnd q = u 

0 	1 

1  C1  Ci 

.r 0 x ` 	til 	2  

C2  
x2 + O.0 

C2 1  

..... (p7) 

q = 
dQ1 

dt 



3 

 '2 I  

I 

Cl 

Cl 

u 

a1 

0 40 

C2  

7 
1/`"3 

• a 

t'ubstituting the velue or f ly  X32'  C 3, 	2  we get 

LoGO4 
	.007 	 4 	7 



-25- 

015 	 15 
= 10-3 

0  1 
	 0 

with weighting matrices 

3 	0 
A 

1 %=10  	Y . 10 
000 

Now, from the Ricoati equwtlon 

A P n r N 	A A 
PA*AP..PL1R 	P *Q 	 • ...... lea ) 

A 0 	 5 5 0 
R 	 4..3 Gzhere 	 =30 	4 	7 	0 

0 
1 
	0.0 

• IC Y 
5 .4 1 

-5 7 0 

0 0 0 
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3 	 is 

10 	0 [:1  
0 

h =1 •. B = 1 

1 0 0 
A1 	 01 

0 0 0 
0 

0 0 1 

i'bererore, the F4cceti equrtion becomes 

p11 	 5  -S 0 	5 4 j 

P21 p22  p2 	4 7 0 * -5 	7 	0 

p31 A32 P33 3 0  0 	0 0 0 

p11 P12 p13 

p21 p22 p23 

P31 P32 p33 
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-10I 

r 	t-- 

P11 P12 p13 1.6 	
Ij 

pal p22 P23 0 	1.5 	0 	0 

p31 P32 p33 0 

L 	L 

p11 p12 p13 1 	0 	t} 

p21 p22 p23 + C0 	0 	0 0 

P2 i P32 P33 j 0 	0 	1 

on 8impllfyings sre cet 

5p11 * 4p12 * pIS 
	-Spll +7p12 

	L 

8p21 + 4p21E * r23 
	- p21 ♦7p22 

	0 

~ 5p31 *4p32 * P23 
	-5p33 '* 7P3 	0 

P1I * 4p21 
	

5p12 * 4p22 1, p32 
	

5p' 13 + 4p23 t p3 

+ "'119. 7p31 	- p12 + 7p22 	-3P13 + 7p 

0 
	

X 
	

0 



1 0 

+ 0 © a 

0 0 1. 

2 

p11 	p 21p 12 
	

plip13 

-2.28x101 1 
pllp21 p12'21 p13p31 

1= 

28- 

p 11p31 p 12p31 
	p3 1p13 

Summing the mrtrlces on L.11. ". rind then squPting the 

elements on both side, ve get 

	

p31 • p13 , 1 	CComparing 33 eler ent) 

1 
or 	p13 	.._.... 	 ........ X31) 

p31 

-5P13 + ?p23 .226 p13 p31 = 0 (compering 23 ) 

	

or - 5p3 + '~p23 - .225 	0 	....... X32 ) 

-5p13 + 4p23 * p33 .225 P11p13 0 (compmring 13) 

S S SS 54' (33) 

-5p31 * 7p32 -.22b p12p33 = 0 

or -5 * 7p32 p13 - . 225 p12 a 0 	.....,. (34) 
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* 7p22 - 5p l2 * 7P62 + .225 p12p21 = 0 
. ..... (3 5) 

(conprring 22) 

-5A11 + 7p 12 * 5p 12 * 422 - .225 pllpl2 0 
...... (36) 

(cortppring 12) 

5p31 * 4p32 * pf3 • .225 ~'11p31 = 0 (compering 33) 

or 5 ♦ 4p32p13 * p23p13 -.225 p11 0 0 	....... (3?) 

5.p21 + 4p22 * p23 -5p11 * 7p31 - .225 pllp2l 

(compr+ring 21) 

or 
bp21p13 + 4P22p13 * p23p13 - 5p11F13 * 7 -.226 pp  23p1 

S . . .. . . (SE;) 

5 	+4p +p +5p -*4p *p - .22f~p 2 * 1= 0 p11 12 13 13 2l 31 	11 

or 	5p11p13 * 4p1.2 p13 + p13 + 5pl1p13 * 4p21p13 * 1 

.225 p13pi1 * p13 = 0  

tow, from the eqn. (31), (32) we get 
I 

p31 



mnd 	p23 C0.7p13 *.04& 	 ... • . ♦ • • . (40 )  

Hance, substituting these vrlues in the 'bone 
equations, we get 

-Sp x3  1 4 (.?p13 * .045) * p33  - 0.225 pllp 3 a 0  

or -5 ►11 + 2.8 p13  + 0.18 * p33 - 0.225 pllp13 '2 0  ...(4i) 

-8*7p32p13- .225p12 = 0 

or 	p12 = 32p32pg,3  + 22 	 0000000(42) 

-5p 21 * 7p22 - 5p  12 * 7p 22 '+ .225 p 12p21  = 0 •.....(43) 

-gyp 11  * 7p  12 t 5p12 * 4 ''22 - .225 PP 12 = 0 ......(44) 

4p32 p13 * p 13, (.?p33  * .045) -. 226 p i, = 0 

or 	* 4p32p13  * .7p1 * .045 p13  -_ .225 p11  = 0 ....(45) 

8p2
1

p13 * 4p p13
4 

p23p13 - 5p11p13  4 ? - .225 p11¢21p13=  0 

..... (46) 
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2 
$p 11ip 13 * 4p 12p 13 * p13 • 6p llp 13 ♦ 4p 21p 13 * 4P 210 13 

- .225?13p11 * p13 = 0 	........ {•~7) 

Now substituting the vrlue p12   32 p32p13 + 22 

in equrtions from (41) to (47) Pnd simplify .ng, we g-it 

-160p32 - 110 * 7032p21 	a 0  

l4p22 - 160p32 - 110 ' 7P32p21 = 0 	......... E49) 

-fpll "t 12(32p32 + 22) + 4p22 - .225p11(32p32 * 22) = 0 
. 0 0 0 0 .. , . (50)  

5 ♦ 4p3 2p 13 * . 7p y3 * .045p13  - . 225p11 = 0 	........ (5 1) 

6p 21p 13 4 4p22p 13 ♦ p 23R 13 - 5p l 1p 13 * 7 - .225 P llp 21p 13 
. , • .. . • . (52 ) 

5p l 1p,3 # Qp 13 (32p32p 13 * 22) 4 p3 * 3p l 1p 1,3 + 'gyp 21p 13 

2 -.225P13p114p13x0 
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10 p 11P 13 * 128 A 3p32 * 88p13 * p 3 * 4P21p 13 

-.225 P13P112 • p13 0 0 •.,.. 	..... r...... (53) 

Agein g we have from eqn. (48) 

7p32p21 = 160p32 4' .110  

15.9  
p21 28.6 '. «Wwrw~.i...,...,  

Cr 	 p32 

16 
P128 	•••...•••.•..... 	..s••..••. (5C) 

P32 

Nom substituting the vwlue of p21 in equation (49) 

we get 

p22 1 0 	 ..........(57) 

£ubstituting the vu1ue of p21 from equation (56) end 

p22 from (57) we get from equrtions (80) to (53) 

324 p32 * 264 - 7p 11p32 " 0 

.  38 
. 	11 
	+ 52  

P~.2 
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Also, 5 * 4p32p13 t 0.7p2 + .043p13..225p11  0 .... (59) 

5p13 (21 * 16 .r-)  
P32 	13 + p23p 	Sp l 1p13 '* 7 -. 228p p1 3 11  

16 
( 21 +p.~'" j ) g 0 

.... ♦ .. (60) 

16 
10 PP~3 t 138p 3p + 	l p3 '40p13 (21 * 32 

- .226 pl3 p2 	0 	.....,..~6~) 

Again, substituting the value of pll9 from equation 

(58) in equrtione from (59) to (61) and simplifying, 
we get 

13 
 28 p32 ♦ 16 	♦.... ... •.(62) 

118 ' 166 p32 

,end 112 p32 - 6" p32 - 1128 P32 " 9"4 = 0 ......(63) 

by hemt mnd triml method, we get 

p 32- 
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• 28p32 16 
. . 	13 = 	 1.55 

118 + 166 p32 

g32 = 7.3 

P13 = 1.55 

A22 = 0. 

p13 a 57.1 

pS2 = 266 

p21 = 3.2 

p31 = 0.6 

p23 = 1.13 

• —1 1 

	

kp 	a ,' Ail 

.,... ... . (64) 

1~ B' P 2 

	

L 7.1 	286 

kp 	a 10 	is 	01 1 t.3.2 	0 

.0571 .2616 

a 	o 
. 0232 



FIG . 5 (a) 

r ___,._I  PROCESS 1 	0  

MEASURING 
SYSTEM 

CONTROLLER 	 te m  
(CONTROL LAw) 

FIG . 5 (b) 

BLOCK  DIAGRAMS  



INTEGRAL ACTION 

FIG. 6 SIMULATION OF CONTROL LAW 



kp 	.186 	4 

ki 

 

.31 

L15  
266 

4 
3.» 13 

•• Optimum control lrw becomes 

u(t) = - 0.86 x1(t) 	4 x (t) - 4 	x1(t)dt '* uO  •.. • (67) 

Therefore, the optimum control low becomes 

q = - O.86Q1(t) -* 4 Q2(t) - 4 
	

01(t) dt * U0  

• .. (68) 

a 
	 dt 

Hence, the nbove control system cert be shown rs 
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Tharo sero rnrnorouc iothodo of ch000ing 
good aottin for controlloro, hotrovor,  9 vhon thrco roopon. 

coo rro procont, tho citurtion is ouch noro co1plo2z 

mnd conoequentiy, only a fou of tho iamny poociblo 
oppronchoo 3 

1. Ziegler - !'icholc r:othod : 	Zioglor rnd Iicholo 
hevo given o rulo of thumb for cdjuotina tho propord 

tional sensitivity 06" roaot rt~to '11 rnd dorivntivo 

rnto "i)" In tormc of tho rotation curvo of tho procooc . 

1. a 	0.8 
Ilk 
r r 

bhoro Lr la the offoctiva 1mg in QS,nutac rnd hr fo tho 

rotation rnto in cia. pox' minuto porgy Ztg/cci. 

2. Cohon end Coon Iot od I In 1963 Cohon rnd Coon 

publiohod Qptinu&' controller cottintjc, which Pro 

corroctiono to the Zialglor - 3 icholo fornulno. Thoy 

took Into recount tho colt - regulation of tho prococo. 

Thio uro dono by introducing on indo of calf - rogulrtion 

R 

A 
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which c n be determined from the process rerction curve. 

If the process hs no self regulrtion, m is very 
1"rge t 'nd u o. The Cohn - Coon forrnulps, which Pre 
bpsed on Pn rnrlytic?l investigetion, Pre the following 

Proportionsi response sensitivity = 	--
i
---- (fit 	u) 

fir "r 

proportionrl 	reset response 

0.9 	1 
Sensitivity 	(1 * 	_,,,,,,,,, 

Lr ar 	11u 

• 11 
0.3  ............. u 

Reset rate 	( 1 	S 

'4! 	 1 
1 *----~ u 

11 

} 

proportionpl + t)erivrtive response 

Sensitivity 	1~__ ( 1 '+ 	U 
i Rr 

1 

A3er ivptive time 	n 0.27 Lr 
1 , ,_.....~. U 

3 

1 w ~ 
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Proportional 4 4iorivPtivo roapr ncoc for r nor.  -intorr - 
ctinC controllor 

1.35 	1 
on n i t i vi ty 	_______ C 1 '~ ---- t) 

3 
1 a.~..0 

	

4.4 	5 
hocot rrto = 

	

Lr 	1 

1 )orivotivo timo = 0.37 it 
11 U 

'hon the procoac ht no calf - rogulption, tho 
onprocoion in poronthouoc ail roducoo to unity 9 rnd 

the f orrulno give rbou t the come cOttingo r►o the 
Zioglo tlicholo rocultc. 

Another method of Z>iog,icr rnd 
tTlchoic concicto of cuttinC out the rocot rind dorivrtivo 
netionc rnd turning up the proportionrb concitivity 
until continouc cycling occuro. £ho ultiorto voluoc of 
pronortionrl ooncitivity rnd periodic co dotors inod 
try bo uood c'c P brain for ch000ing good controller 
rrntt2neoe 
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2.0  

pU 	8 

A bo ultir to vrluoo my rico bo obtrinocl from tho 

Dodo plot of tho open loop. 

Thoso oat_►iodn :pro vrlurbio CUidoo 

to rolocting Good controllor (!c jUCtCanto, bocruoo they 

Pro oroy to apply if oithor the ronotion curve ►ono 

boon z3un or the ultitrto arlvoo hnvo boon found in one 

mvnnor or the othor. 

3.2 	€. N ~arr~ a 	refiS~i r► s 

Lroportionpl rocot rrto controllorf3 

do not rlveyc hrvo thrco aoprrrto ndjuntrfontn. Aro of 

thoco throe rdjuotccnto cry by oynahronirod no thr t the 

rdjuctnont of only do iv required. In oono controlloro 

,n fixed rnto tino in lneorporrtod co thrt It roquirac 

no rdZustmont. If the tuo rdjuctr-ontu rro proportions l 

brad rad rocet rrte, tho proeoduro Ic rc follotra : 

i. Cot tho rocot rnto to roro or to cc lou n unluo no 

p000iblo. 

2. Uotornino tho propor tionol brnd. 

3. Chock the .3roportionnl brnd dotting ma t1hilo doing 

the note the porion of cycling in oinutoo. 



M lsot 

44. Got tho roaot rnto to one dividod by tho porio 3 

of cycling, in r inu to m. 

S. /; r1n chock the ctobility of control on n rocovcry 

rnd trim arch od3uotbont ria nood. 

If the coprrrtc rdjuoWonto cro 

included $  the procedure opy be ro foll000 : 

]l. Sot the reset rrto rnd rote time to zero or to re 

lots vgluo rC pocaiblo. 

2. detorQino the optimum propertionrl £rnd rnd uhilo 

doing so note the period of cycling in winotoo. 

3. Eat the rpto time to one eight of the cycling in 

rminutes. 

4. Faduco the proportional bond by one fifth. 

5. Chock the aotting rnd note the note period of cycling 

in i inutoc• 

6. Fot the reset roto to one divide by tho nou porioc 

of cycling in minutoo no found in stop 5. 

7. Chock those setting rnd trio if nocoacrry. 
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In orrly 195ac oovorly now typos 

of oloctronic controllers hnvo boon dovolopc~d which Pro 
fully compotivo with pncucantic inotrumonto for procooc 

n+?plicrtiona. Tho mpjor PdvPntrgoc of thoso instruconto 
rro negligblo tr ns icoi.on lag, tho nbconco of lord 
sofon duo to friction or hyotcz' io in moving pnrto, 

crppbility of operation rpt lore for pornturo rnd coc pc-
tnbility with othor oloctriaPI dovicoo ouch r+a oloctronic 
monouramont trnnoducerc, data proco0oing oquipoont and 
computers. The mp jor d1spdvnntngo in prococs uortc la nood 
for intrinsicrliy nefe oloctricol oquipmont in hnznrdouo 
rrona. do ravor, now this problen hnc ovorcomo. It Ic, 

hotiovor, uounlly nccesanry to convert tho fine o,Loct-
rlcnl output of tho inctr imont In to rn nix' procourn 
nib" r►1 to opor rtn n convontionpl pnumptic dinphr rjo 

vnluo in coot rpplicntionc sinco there In, Fo yot, no 
rorlly cnticfnctory oioctricrlly nctupt :d oqu2.~rnlont 
to the di nphr ogm veltvo. 

Tho importrnco of dooignine tho 

control cyctci to suit tho cbrrrrctorioticc of tho procooc 
cm n not be ovorloohode Tho soloction of the controller 
dopondo on tho oporr'tinr roquirat'onto of tho prococo 
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m d tho tolor rncoc pormittod in tho porforac'nco, o.. 

tho r cx1muc off Dot, tho oinioun dovintion md ting 

tiDUn rocovory time which crn bo sllouod. If olfcot 

crn not be tolorrtod, than the interanl notion mutt 

be included in the controller. C rao this is the only 

ury of oliminpting offoot or reducing it to n no; ligiblo 

muount In the prosonco of significrnt chrnges In lord. 

)orivntivo notion is aonorplly crllod 

for when the prococs has n largo nut bor of ctorrco olc!onto 

end thug considornblo trrncfor lt. If n mm,ll off cot 

is not critical to the opert tion, then it mry be pocsiblo 

to omit the Intogrnl action mad tho use of dorirrtivo 

will dopord on the other fretorc rad rico on uhoti or r 

cmnll onouCh offset can be obtrinod 11'om proportional 

control alone without incrorsod Cain usurlly rvnilrblo 

bith the rddod dorivntivo action. 

Thera is no broic docI n of 11octronic 

controller, +although certnin br oie oloctrOnic circuit crr 

be idontifiod in comrorclpl inctruconto. The input rad 

oufip.t cirnplo rro ucurlly direct currents of n fou r illi-

omporoc In rargnitudo nithough no strndnrd rrng me yot 

bion ngrood. Tho prircipnl conponont of thos , inotru^ontc 

i s ili Ch grin opor rtion rl rmpliflor D  vita r grin u ounily 
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Q 0 

FIG. 7 PROPORTIONAL CONTROLLER 

c (t) 

t 

(a) ERRO SIGNAL 

m (t) 

I 
(b) 

FIG. B OUTPUT SIGNAL FROM THE CONTROLLER 



oacooding 1,000s 1.. Tho grin of the proportional circuit 

doac not depend on th1 grin of the rlifior but upon 

the ratio of the input rnd foodbrch rosictoro or 

coplcitoro rnd thus cm by very Pecurntoly cnlibr ntod. 

The error ciennl io acnarrtod by prscing the input 

current froom n nuitrb.o raonsuri.ng inatru Cont through p 

rosictor of about 500 ohii, so gor outing ren input voltrgo 

which is cubtreetod froc r docirod vrluo voltrgo cot 

by n voltage dividing resistor. 

1. Proportior►ol Controlloro i An electronic proportionrl 

controller is cn r pliflor which rocoiv- s a crnnll 

voltmgo signpl rind produces r' voltego output nt m highor 

potoi level. i echo rtic dingrrm of such r+ controller 

IC cho rn in I4ig.1. 

for this controller 

r~ 
o~ j of - oo ,LL, 2 3, 

nl 
l 

flu 
	1 

Lhua the tranofor function of this controller is 



..1 j.s tho Quin of tho proportionrl controllor. ho chin 

Kp cm bo n luotod by chrnaing tho rotio of rociatnnco 

(Hi/R2) In the foodbr+ck circuit. 

2. Proportional-pluo-In to gr rl Jio c tr on i c Con tr ollor 	in 

the proportionrl control of r pirnt 1ho3o trrnofc~r 

function door not possosson ren ante nl ifa o tnoro it n 

ctondy stpto error or offoat in thi roc'ponso to n otop 
input. Such can off oet orn be olio inrtod if the intogr rl 

control Is included In the controller. 
In the 1nto1.gr~l control of p plpnt, 

the control sIgnrlg the output signrl frog tho controllor 9 

Pt my instrnt is the rron under the ncturting error 
signal curve up to thrt inctr+nt. The control siannl o(t) 
con hive non-zero vrlue titian the Peturtina error cignpl 

o(t) is sero, rs shoc,n in I ic. 2. 
shots the principml of 

ob t r%inin r proportionrl plus in to gr rl control action in 

electronic controller. 3ccentinllyy, vo insert ren rp:yro-
pripto circuit in the food bock prth to Q normt' the 
docirod control Pctione 1'ho trrnsfor function of tho 

controller opy be obtr'ined rs follow a 

i 	C1 Leg Ci C fi 1 



IA 

I 

FIG.9 PROPORTIONAL PLUS INTEGRAL CONTROL ACTION 

et 

of 

F(G.IO PROPORTIONAL PLUS DERIVATIVE CONTROL ACTION 
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Ef (s) 	K 	= E© (s) 

KR1  CIS 

Hence, for  
Ri  CiS + 1 

Eo (s) 	K(Ri  Ci  S + 1 ) 

E1  (s) 	K Ri Ci S + R1 Ci S + 1 

Ri Ci S+l 	 1 

Ri  C i  S 	 Ti s  

Where Ti 	= R1  Ci  

1 
r = 1 + ----- 

T1S 
Ei  (s ) 

3. Proportional + Derivative Controller : Derivative 

control action, when added to a proportional Controller, 
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provides a means of obtaining a controller with high 

sensitivity. An advantage of using derivative control 

action is that it responds to the rate of change of 

actuating error and can produce a significant correction 

before the magnitude of the actuating error becomes 

too large. Derivative control thus anticipates the 

actuating error, initiates an early corrective action and te- 

nds to increase stability. 

Although derivative control does 

not effect the steady state errer directly it adds 

damping to the system and thus permits the use of a large 

value of the gain K, which will result in an improvement 

in the steady state accuracy. 

Because derivative control operates 

on the rate of ohenge of the actuating errer and not 

the actuating errer itself, therefore, this mode is 

never used alone. It is always used with proportional 

or proportional plus integral action. 

Fig. 	shows the principal of obtei- 

ning proportional plus derivative action in electronic 

controller. Essentially we insert an appropriate circuit 

in the feedback path to generate the desired control 

action. The transfer function of the controller may be 

obtained as follow s 

Es(s) 
	

1 

Eo  (s ) 
	

Rd  CdS*1 
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Ei (s) - Ef (s) 	K 	= 	Eo (s ) 

K 
Hence, for  

Rd Cd S*1 

Eo (s) K (Rd Cd S + 1) 
- 	 - Rd Cd S*1 

E1 (s) 	Rd Cd S * l * K 

Eo (s) 
Td S*1 

Where T = 
d 	R C d d 

4. P. 	0 1 on~l,_,nl 	 (7nntrn7 1 or„ 

( p-i-d Controller ) s 
p-i-d controller is essentially a 

compDomise between the dvantages and disadvantages of 

p-i controller and advantages of p-d controller. There 
is no off set owing to the integral action, and the 



Rd - 	 H 

Co  

Ct  

FIG.I1(a) PROPORTIONAL PLUS INTEGRAL PLUS DERIVATIVE CONTROLLER 

FIG. fI(b) EQUIVALENT CKT. DIAGRAM OF ABOVE CKT. FIG. II(b) FOR 
ANALYSIS 
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stabilizing effect of the derivative allows the gain 

to be increased, so reducing the maximum deviation 

and increasing the speed of response compared to 'p' 
and p-1 controller. The destablizing effect of the inte-
gral action, however, will not permit such a large 
increase in gain as with p-d controller. Thus the maxi-
mum derivation and recovery time are not quite as good 
as with p-d controller. 

Integral controller used alone has 
been omitted from these comparisons as this mode of 
control is best suited for processes with little• or no 
capacitance. Feed - beck circuit used in the controller 
•is shown in Fig. Fig shows equivalent ckt. of Fig. 

Applying Kir choff's law to the above ckt. we get the 
equations for the above feedback circuit are 

I1(s) - 12 (s) + 
CdS L 	J 

Rd Ii(s) = Eo (s) ....(69) 

r 1 1 
..~..._  I($) - I(s) J + .,,.,_ I2 (s) + R112 (s) = 0 

Cd S 	 Ci S 	 ..... (?0; 

Simplifying eqn. (69) we get 
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'i 	- 

L Cd s 

22(s) 
* Rd = Eo (s) * ~. 

Cd S 

...... (?i) 

Substituting the value of I1(s) from Eqns. (?i) in (70) 

we get 

12(s)  

12(s) - 	Cd S 	+ 
C S• 

d 	 l * Rd Cd S 

Cã 5 

12(s) + R1 I2(s) = 0 
ci s 

or I2(s) 
1 

CdS I + Rd Cd S 

E0 (s) 

1+RdCdS 
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R1 Ci Cd S2 
12(s) 	

+ Rd Cd R1 C1 Cd S + CS + Cd2 S2 

-Cd CI S2 ( 1 + Rd Cd S ) . 

12 (s) 
	

Cis 

E(g)  R1 CI Rd Cd S2 * (R1 Cj+Rd Cd+Rd C1) S ♦ 1. 

 

RI(s)  Ri Ci S 

 

Eo (s)  R1 CI Rd Cd 52 + (RI Cj+Rd CI+Rd Cd) S + 

from Fig. 	we also have 

K( 	- e1 ) = eo 
R2 

and of = e j 	2 
Rl 

we obtain~ 

R2 	 Ri Ci S Eo (s ) 

R1  RI Ci Rd C S2+(R1 Cj+Rd Cd) S*1 

10 98 6 	3v- 
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• 1rrnsfer function is 

!~o (s) 	KRl r Ri Cihd Cd &2 * (f i Ci*Rd Ci+fid C$)&#i,] 

	

r-* H 	k C R C; 2*i Cl 	Cd l *1 i 	2 1 1 	ll i i d d 	i 3 d  

••••••• (73) 

If the loop gain is very much granter thin unity, then 

this lest equPtion mry be simplified to give 

	

i {ai Ci Rd Cd 	# tr i C1*Bd Ci#Ud Cts ) . S4]J 

ai C1 $ 

R Td 
pfd84(1*  

d , __ 

1. Hi  Ti 

1 

r1 C 

It 
inhere p 	I 	1d .jd Cd and `i = Bi Ci 

112 

	

i)sf indin g 	♦ _.~_ t ,_~.. 
Al 	Ti 
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E (s) 
then. 	_______— _ Kp  1 

E1  (s)  

1'd 	i 
)....(74) 

T18 

	

The value of 	depends upon the calibration of the 

potentiometer, cut off frequency etc. The above equation 

can be wr i ten 

E.. © 	_ 5 ( 1 + Td S + ______  
p 

Ei (s) 	 T i  $ 

rewriting the control law equation (88), 

q4.6 
_ = 0.86 ( 1 + 4.6S.+ ___) 	...... (68 ) 

	

8 	 S  

Now comparing the above two equations (75) & (68) , 

we get 

Kp  0.86 

Td  = 4.6 

1 
= 0.22 

4,6 
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OUTPUT 

F ICS .12 . DESIGNED p - t - d CONTROLLER 
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a - INPUT 
6. OUTPUT 

7__ + VC SUPPL' 
T 
	4_ -- VG SUPPLY 

6 6 7 8 

OPERATIONAL AMPLIFIER _ BLOCK DIAG . 
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Now, if we take Rd  = 5 M ohm then Cd  1 u F 

Ri  = 1 M ohm then Ci  = .22 u A?. 

1. Set the derivative time to zero and the integral 

time to imfinity (as large as possible) by a loop 

gain of 5 and test the stability by moving the set 

point. Select a value of gain that gives a desired 

transient response. 

2. Turn in derivative time and increase loop gain about 

25%. Try several related valves of derivative time 

end loop gain until a transient response with good 

stability and minimum period of oscillation is obtained. 

3. Turn off the derivative action and decrease loop gain 

by 35% from lest step. Set the integral time to give 

a good return on a load change. 

4. Turn in derivative time to 30% more than the value 

set in 2. Set integral time to double that value 

found in step 3. Set the proportional sensitivity above 

20% higher in step 3. try several values near these 

settings to see if P better response can be obtained. 

use the highest derivative time possible because this 

will improve loop gain and provide smaller period of 

oscillation. 
r 



5. Take a print of the input output signal and compere 

it with theoretioni one. 



The prototype model of p-i-d 

controller is developed end tested in the Laboratory 

by giving the input from the signal generator Pnd 

output of the controller errs given to CEO. The output 

response of the controller we is displayed Pnd noted 

down on CRO screen. The curve on CRO is found to be 

approximately same within the limit42,J 	 Er  

however, the better response can 

be achieved by using computer. But in Indie s  Factories 

can not bear this high expenditure. 
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