ariables such as temperature, pressure, flo p,
. ) e, ol
jeral processing 1o pharmaceuticals and food p 5
: . : I0Cou
ement perspcctlve, process proving safet)- and o8
’ Gl

« Process control involves the control of Vv
from oil refining and miu

processes ran ging
and manag

However. from a broader planning
environment.
a key party of almost every pro

e full impact of computers, comm

harmful impacts on the
« Process control is already
scope and importance as th
the process plant level.
e The features of a process ar¢ usuall
achieved by controllers (hardware elements or software programs

control valves.
e There are certain difficulties encountered i

following factors.

cess operation and will increase signif .
Il
L

unication, and software technology rad
3

y measured by process variables. The control of process
) and final control ¢leme 5
Eir

n implementation of process control arising due B

Tt

Nonlinear and non-stationary nature of process
S T I N :
lrlulu.?s. wain (resulting in nonlinearity) and/or dynamic parameters (resulting in non-sl
with the ati int. Thi ibi .
| e (Tpcrdhl'lg point. This causes the process to exhibit highly variable behavior — slugg!
times, while oscillatory (even unstable) at other times

o
ationary nature) &%
sh to respis

Unavailability of accurate measurement of controlled variable: .~ ' =" s

In many cases, it is not possi - ;
- aty { 3 ~ " . d
possible to measure the quantity to be controlled, so it has to bé cstim:llt’d-

Time deluyy

[ ]
imcructinns a

Time delays are
A € encountered i DI
ed in the process and manipulated simultaneously.

variables arc unavoidz i
b l - "
dable, making the task of control a challenging
: g one.



; il pise ana witnrounees
JN

L innously subjected 1o various types of !
J ot continnously subj o :Hllluus Lypes of known and unknown disturbances and noises which
Process control challenging, a

"N

,\\i
2 h¢ “'iL ol

il { Variable and Control Signal or Manipulated Variable

| t.l.nlmllﬂl Tlm.mh-h. is the tIl.“"“”)' or .L‘Uuditiun that is measured and controlled. The control signal or
:.-||‘Il].'llt‘l.’ \'.""“‘M" is the quantity or condition that is varied by the controlled so as to affect the value of the
; .I\nollnl variable, Nunnu!ly. the controlled variable is the output of the system. Control means measuring the
qofthe controlled variable of the system and applying the control signal to the system to correct or limit
tion of the measured value from a desired value,

d udying control engineering, we need to define additional terms that are necessary to describe control

o s

4 jnt may be piece ol cquipment, perhaps just a set of machine parts functioning together, the purpose of
{1 is to perform a particular operation. In this book, we shall call any physical object to be controlled (such

1, mechanical device, a heating furnace, a chemical reactor, or a spacccralt) a plant,

Merriam ~ Webster Dictionary defines a process to be a natural, progressively continuing operation or
wlopment marked by a series of gradual changes that succeed one another in a relatively fixed way and lead
sard a particular result or end; or an artificial or voluntary, progressively continuing operation that consists of
gries of controlled actions or movements systematically directed toward a particular result or end. In this

kwe shall call any operation to be controlled a process. Examples are chemical, economic, and biological

lystem is a combination of components that act together and perform a certain objective. A system need not
physical. The concept of the system can be applied to abstract, dynamic phenomena such as those
Wuntered in economics. The word system should, therefore, be interpreted to imply physical, biological,

“nomic, and the like, systems.

Murbances
isturbanee is a signal that tends to adversely affect the value of the output of a system. If a disturbance is

Merated within the system, it is called internal, while an external disturbance is generated outside the system
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Feedback Control . ;';"n:ll.n.l in the presence

P RN Ar iy 1 opera 10 at, ‘ - .

e o e FalcatiiLh eference input and does so on the basis of thi
the output of a system and some referc

between the a8y

of disturbances, tendg .10 o

Uge .
l i

i

, ) . o

. since predictable or known djg; )

; . + so specified, since predict Urbange, i

unpredictable disturbances are . )

or within the system. \
compensated for within

W e s of control systems.
In this section we shall present a few examples of e

Speed Control System _ | ; T S ——

The basic princi le of a Watt's speed governor for an engine illustrated |n.the schematic diagry,, o
S g . ine is adjusted according to the difference between the 4.
The amount of fuel admitted to the engine is adjus € deg;

oy
actual engine speeds.

Engine Load

~
Control
valve

Figure : Speed Control System
The sequence of actions may he stated as follows: The s
speed. no pressured oil will flow into either side of the
desired value do disturbance, then the decrease in the cen
1o move downward, supplying more fue
the other hand, if the speed of the engin
force of the governor causes the control
of the engine decreases untjl the desire

peed governor is adjusted such that, at the &
power cylinder. if the actual speed drops bﬂf@‘l
trifugal force of the speed governor the control
l, and the speed engine increases until the desired value is renchef
e increases above the desired value, then the increase in the cei”

et . - o 'l"d Eh:‘
valve to move upward. This decreases the supply of fuel. ¢
d value is reached,

. ‘s
_ _ _ ariable i5 1€
In this speed control system, the plant (controlled System) is the engine and the controlled \-an.tl’lL e
of the engine. The difference between the desired speed and the actual speed is the error signd: i

. - M - I;
signal (the amount of fuel) to he applied to the plant (e

. 3 . . —— ‘_\'IUI’
hgne) is the actuating signal. The ¢

;P o . i . v : ]Lc
disturb the contro]le An unexpected change in the load is a disturba!

d variable is the disturbance.
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SNl deviee. | e Ve tempernture i the electric
HEVIee The analog Emperntuee is converted

[ Il\mummm

F

1 4';’.':'@51’{!{,'1-
‘ i

u. ey, - L““""""""—h A“‘
1 A Cimiveitey =™ |Il|!l[llrl' PR—-
Platie | ——
hinace ) Controller
' l . l o
rwrrEryesier) ""mmtd

Fds Feed il

input

L Relay \*-‘ Amplifier |=+={ Tntesface ‘..._._ |
Ueater '

Fignre : Vemperature control system

ii.".tg_'!l.\\ temperatine by an A/D converter, The dipital temperature is fed to o controller through an interface.
gl temperatire s compared with the programmed input temperature, and it there is any discrepancy
iw\, the controller sends out e sipnal o the heater, throuph an interface. amplitier, and relay, to bring the
Laetemperature 1o desited value,

L SED-LOOP CONTROL VERSUS OPEN-LOOP.CONTROL  :

Y
Lm& Control Systems
j sem that maintains o preseribed telationship between the output and the reference input by comparing

alled a feedback control system. An example would be a
and comparing it with the

and using the difference as a means of controlis ¢

Sulemperature control system. By measuring the actual room: temperature h
d 0 emperature (desired temperature), the thermostat tums the hieating or cooling equipment on or oft in

L} By - e 3
g way as 10 ensure that the room temperature remains at a comfortable level regardless of outside

' "hlil\ng_

‘Loop Control Systems
£} \“ . oy .\ SN A
N contr) systems are often referred o
i are used interchangeably. In '
' al and the teedback signal (Which may be the output

a5 closed-loop control systems. In practice, the terms feedback

| ang | ‘ a closed-loop control system the actuating error
a4 ¢closed- hu\\\ contro
oWk won the input sign
»Whieh s 1) sence between the !
, s the difference be . et ol e B : & ek 4510
4" WSelf oy functi [ the outpul Gional and its derivative, and/or integrals), is fed 1o the controller so as 1
! a4 lunction of the e
0 "‘.l\; Y »
YQC he ervor and bring the output ol the ‘
i Sthe uge o feedback contiol actionin order 1o e

evstem to a desired value, The term closed-loop control always

uee system error.
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Open-Loop Control Systems Tect 65
fTe
Those systems in which the output has no ¢

- ey .
o ctih asured nor fed . -

the output is neither AT ,ohack g, Ty

ither words, in an open  loop control system Soaking. washing. and ringip,

{ C *y 1 101 -

EMihe s (9% |
; ashing machine. _ sanfince. he o, hes 'a“
the input. One practical example is a washing signal. thatis, the cleanlingss (f the Cloap,,, 8
ime | g Tl hine does not measure the output sig
atime basis. The machine

the control action are called OPEN- ey,
1 i

il Systems i ,
Closed-Loop versus Open-Loop Control S) is the fact that the use of feedback Makes 5
An advantage of the closed-loop control system is the £

- Fa
., _ M parameters, fp . -
internal variations in system p o | B TR
relatively insensitive to external disturbances and internal Vl: in the accurate contro) of a g, PH
: 3 < . h L . . am s q :IJ_‘;r'pi_
use relatively inaccurate and inexpensive components to obt ' -
doing so is impossible in the open-loop case.

3 - as follows:
The major advantages of open-loop control systems are :

1. Simple construction and ease of maintenance.

2 Less expensive than a corresponding closed-loop system.
3. There is no stability problem.

4.

Convenient when output is hard to measure or measuring the output precisely is a...

-asher system, it would be quite expensive to Provide a d.., o o
quality of the washer's output, cleanliness of the clothes.)

feasible. (For example, in the v
the

The major disadvantages of open-loop control systems are as follows:

4
g
1. Disturbances and changes in calibration cause errors, and the output may be differen: from oy
= 7]
desired.
2. To maintain the required quality in the output, recalibration is necessary from time to time

RS e

circumstances by adj

. g
IS minimized in the fac. of chml
ambient temperatyre

ystem. Controlline

gthe temperature in a room ;ti
variation is an €xample of re

gulator operation.
* A regulatory control system will normally have a fixeq reference or set point. This does nof =
the set point cannot be changed. g points do change, but the changes are not very frequent
remain constant for relatively longer periods of time. Ip regulatory process control 55
variations usually present the primary problem. )
L]

Electrical Power generation js 5 typical tXample of 4 regulatory System l
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pical example of servomechanism is - nume

t}p % H L
i ‘.pminuollsl).’ changing and the milling cutte

+
odoct o f

control of reactors, after the re as be
’ h actor has been lowed - another example of servo control. In this

vstem, few, if an :
oSy stem, y> external or load disturbances affect the system

t .
: vo control applicatior ition. spe .
 most S€T PP 18, the position, speed or acceleration of an object is made to follow the

I oly
" etpoint closely.

Mk-c‘a'mrol Configuration
d
|

Final Control Controller
Element

I'iC o TE .

al control of a milling machine. The reference is

r mus icate this o ‘
t duplicate this change to produce a satisfactory

pat

Controller =+

Measuring
device

Process Control loop with Feedback

hack systems play a important role in modern engineering practice because they have the potential to

sm their assigned tasks automatically. Consider the generalized process control loop shown in the F ig., It
moutput y, a potential disturbance d, and an available manipulated variable m. The disturbance d (also
sn as load or process load) changes in an unpredictable manner, and control objective is to keep the value

¢output y at a desired level

i _{:qf!qa{'d Control C mrﬁgumﬁbh '_

Controller ‘.——— Disturbance

E

—'_—-—rEocg—" Controlled
Manipulated output

variable
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